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Abstract. Diabetes mellitus is a collection of metabolic illnesses characterised by persistent hyperglycemia, resulting in
consequences affecting several organ systems. Depression is a common and impactful psychosocial condition in diabetic
patients, further hindering glycemic control and negatively affecting overall health outcomes. The present study investigated
the depression prevalence among diabetes mellitus patients in outpatient treatment and its impact on diabetes management.
This hospital-based cross-sectional observational study was conducted over 18 months. A sample of 125 diabetes mellitus
patients was selected based on a 9% prevalence rate with a 5% margin of error and a 95% confidence interval. Depression
was evaluated via the 9-item Patient Health Questionnaire Depression Screening Tool. Clinical evaluation comprised
HbA ¢, fasting plasma glucose, and postprandial glucose measurements. Statistical analysis was conducted utilising SPSS
software. The study determined that 29.6% of diabetic patients were diagnosed with depression, with varying degrees
of severity. Depression was associated with poorer glycemic control, evidenced by significantly higher levels of HbAlc,
fasting plasma glucose, and postprandial glucose. Patients with depression also had a higher prevalence of diabetes-related
complications, such as nephropathy and neuropathy. The study concluded that depression is prevalent among patients
with diabetes and has a significant impact on diabetes management. The practical value of this study is that integrated care,
including screening and treatment of mental disorders, is crucial to the improvement of the outcomes of diabetes patients

Keywords: diabetes mellitus; glycemic control; hyperglycemia; diabetes complications

Introduction

Diabetes mellitus (DM) is a collection of metabolic illness-  of carbohydrates, proteins, and fats, often accompanied
es marked by persistent hyperglycemia resulting from im- by vascular damage, leading to complications affecting
paired insulin secretion, insulin action, or both. These met-  multiple organ systems, as highlighted by EJ. Snoek [1].
abolic abnormalities significantly impact the processing These complications, including cardiovascular disease,
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neuropathy, and retinopathy, are the leading causes of mor-
bidity and mortality among individuals with diabetes, as
noted by ES. Yen et al. [2]. B.K. Jha et al. [3] noted that
Type 2 diabetes mellitus (T2DM) is a major challenge due to
the prolonged asymptomatic phase of hyperglycemia that
precedes diagnosis, complicating the treatment of both glu-
coseand insulin. Furthermore, B.K. Jha et al. [3] emphasised
that the interplay between hyperglycemia and insulin resist-
ance significantly increases the risk of cardiovascular dis-
eases, contributing to the complexity of managing T2DM.

The high prevalence of depression among individuals
with diabetes is a significant psychosocial aspect of diabe-
tes management, as described by S. Akshatha & U.B. Nay-
ak [4]. H. Abuhegazy et al. [5] reported that nearly one-third
of T2DM patients experience depression. J.A. Agyekum et
al. [6] determined that depression among diabetic patients
is correlated with poor quality of life, a higher risk of com-
plications, and inadequate glycemic control. S. Akshatha
& U.B. Nayak [4] also noted that the burden of diabetes
management, combined with the stigma and social chal-
lenges associated with chronic illnesses, increases the risk
of depression.

P. Saeedi et al. [7] projected a 51% increase in the global
prevalence of diabetes, rising from 9.3% in 2019 to 10.9% in
2045. P. Ranasinghe et al. [8] documented a dramatic rise
in diabetes prevalence in India, increasing from 3.3 to 19%
in urban areas and from 2.4 to 15% in rural areas between
1972 and 2015-2019. Furthermore, P. Ranasinghe et al. [8]
emphasised that diabetes accounts for approximately 10%
of global mortality and ranks as the fourteenth leading cause
of disability-adjusted life years. D. Carrozzino et al. [9] high-
lighted the utility of the Hamilton Depression Rating Scale
(HAMD) in assessing the severity of depressive symptoms
among diabetic patients. Accurate assessment and timely
intervention for depression in this population are crucial
for improving overall health outcomes and quality of life.

Understanding the incidence and influence of depres-
sion among DM patients, particularly in India, is vital for
the development of effective healthcare policies and inter-
ventions. This research aimed to explore the occurrence of
depressive disorders among diabetic patients in outpatient
settings in India to enhance mental health care integration
into diabetes management protocols.

Materials and Methods

This hospital-based cross-sectional observational study was
conducted over 18 months, with an additional 6 months
allocated for thesis writing, at the Department of Gener-
al Medicine and Department of Psychiatry, FH. Medical
College and Hospital. The study was conducted based on
the 022 ADA criteria [10]. The sample size was determined
to be 125 patients, calculated on a prevalence rate of 9%,
with a 5% margin of error and a 95% confidence interval.
Participants included patients with established DM who
were willing to follow up for one year at six-month inter-
vals. Exclusion criteria were strictly applied to ensure the
focus on DM-related depression, excluding patients with

uncontrolled hypertension, active infections, other chronic
illnesses, or psychiatric conditions other than depression.
Data was gathered via organised face-to-face interviews
conducted by trained healthcare professionals utilising
standardised, validated questionnaires. The surveys com-
prised the Patient Health Questionnaire-9 (PHQ-9) [11] to
screen for depression, along with additional demographic
and clinical data. This approach ensured both reliability
and consistency in the data collection process. Participants
were followed up at 6-month intervals over the course of
a year. During each follow-up, patients were re-evaluated
using the PHQ-9 to monitor changes in depressive symp-
toms. Additional clinical parameters related to diabetes
control, such as HbAlc levels, were also recorded. Criteria
for ongoing participation included regular follow-up visits,
adherence to prescribed treatment for DM, and completion
of follow-up assessments. Participants were excluded from
the study if two consecutive follow-up visits were missed.
Participant selection was accomplished using a con-
venience sample approach, with diabetic patients attend-
ing both outpatient and inpatient departments, used as
the subject pool. This method was selected based on the
availability of patients willing to participate and meet the
inclusion criteria. Inclusion criteria consisted of patients
with established DM as per ADA 2022 criteria [10], who
were able to participate in follow-up for one year. Exclu-
sion criteria included patients with uncontrolled hyperten-
sion, active infections, other chronic illnesses, or psychi-
atric conditions other than depression. Ethical clearance
and informed consent were obtained before the study. The
study was conducted per the Declaration of Helsinki [12]
and was approved by the Institutional Ethics Committee of
EH. Medical College and Hospital. Informed permission
was acquired from all individuals before their involvement
in the study. The confidentiality of all participants was en-
sured during the testing, and patients retained the autono-
my to withdraw at any time without repercussions on care.
The statistical analysis was conducted using SPSS soft-
ware (SPSS Inc., Chicago, IL, USA), version 26.0, on the
Windows platform. Descriptive statistics were employed to
summarise socio-demographic, clinical, therapeutic, and
lifestyle aspects. Frequencies and percentages were calcu-
lated for categorical data, whilst continuous variables were
expressed as means and standard deviations. The chi-square
test was used to assess the associations between categori-
cal variables, including depression, and covariates such as
gender, marital status, and employment status. Continuous
variables, such as HbA1c, fasting plasma glucose, and post-
prandial glucose levels, were analysed between patients with
and without depression utilising independent t-tests. To
analyse the correlation between depression severity (meas-
ured by PHQ-9 scores) and glycemic control indicators,
including HbAlc, fasting plasma glucose, and 2-hour post-
prandial glucose, alongside the duration of diabetes, corre-
lation analyses were performed, employing Spearman’s rank
correlation and point-biserial correlation. A p-value below
0.05 was considered statistically significant for all analyses.
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The accuracy of the estimates was demonstrated by the
95% confidence intervals for the correlation coeflicients.

Results
Thisstudy providesa comprehensiveanalysis of thesocio-de-
mographic, clinical, treatment, and psychological profiles of

diabetic patients, with a particular focus on the prevalence
and severity of depression. Most participants were over 40
years old, with a slight predominance of males (56.8%) and
a high proportion of married individuals (80.0%). Educa-
tional levels were varied, with nearly equal representation
among university, secondary, and primary levels (Table 1).

Table 1. Socio-demographic data of the enrolled patients among the groups

Frequency (n=125)

Percentage (%)

Age

18-40 years 8 6.4
>40 years 117 93.6

Mean +SD 44.63+5.37

Gender
Male 71 56.8
Female 54 43.2
Marital status
Married 100 80.0
Widow 16 12.8
Divorced 6 4.8
Single 3 2.4
Employment status
Employed 28 22.4
Non-employed 55 44.0
Retired 42 33.6
Education level

University 35 28.0
Secondary 35 28.0
Primary 24 19.2
Tlliterate 31 24.8

Source: compiled by the authors

The socio-demographic data of the study demon-
strates the diverse background of the diabetic population,
which could influence both disease management and men-
tal health outcomes. Clinically, a significant portion of

patients exhibited elevated systolic and diastolic blood
pressure (35.20 and 30.40%, respectively) and abnormal
glucose levels, including HbAlc, fasting plasma glucose,
and postprandial glucose (Table 2).

Table 2. Clinical parameters of the enrolled patients

Clinical parameter

Frequency (n=125)

Percentage (%)

Systolic blood pressure (SBP)

Normal (<140 mm Hg) 81 64.8

Abnormal (2140 mm Hg) 44 35.2
Diastolic blood pressure (DBP)

Normal (<90 mm Hg) 87 69.6

Abnormal (290 mm Hg) 38 30.4

Haemoglobin glycosylated (HbAlc)

Normal (<7%) 71 56.8

Abnormal (>7%) 54 43.2
Fasting plasma glucose (FPG)

Normal (<126 mg/dL) 79 63.2

Abnormal (2126 mg/dL) 46 36.8

2-hour postprandial glucose (2-H PG)
Normal (<180 mg/dL) 70 56.0
Abnormal (2180 mg/dL) 55 44.0

Source: compiled by the authors

International Journal of Medicine and Medical Research, 2024, Vol. 10, No. 2
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A significant portion of patients had elevated blood
pressure, with 35.2% showing abnormal systolic levels
(2140 mm Hg) and 30.4% with abnormal diastolic levels
(=90 mm Hg). Moreover, a notable proportion of patients
had poor glycemic control, as 43.2% had elevated HbAlc
levels (27%), 36.8% had high fasting plasma glucose

(2126 mg/dL), and 44.0% had abnormal postprandial glu-
cose levels (=180 mg/dL). These findings suggest that many
patients have both hypertension and glycemic control ab-
normalities, key factors in managing diabetes effectively.
Notably, 29.6% of the patients were found to have depres-
sion, with varying degrees of severity (Fig. 1).

Severity (PHQ-9)

12
10
Z 10
5
2 s 7
=
S 6 4
S
Z 4 2
z .
0
Minimal Mild depression Moderate ~ Moderately severe Severe
depression (1-4) (5-9) depression  depression (15-19)  depression
(10-14) (20-27)

Figure 1. Graphical representation of the distribution of the severity of depression among enrolled patients

Source: compiled by the authors

The depression severity data show that most patients
with depression experienced minimal (37.8%) or mild
(27%) symptoms. Moderate depression affected 18.9% of
patients, while more severe forms, including moderately se-
vere (10.8%) and severe depression (5.4%), were less com-
mon. This indicates that most diabetic patients with depres-
sion in the study experienced milder forms, but a smaller
proportion faced more severe mental health challenges.

The study highlights a substantial correlation be-
tween depression and poorer glycemic control, as evi-
denced by higher rates of abnormal glucose levels among
depressed patients. Specifically, depressed individuals
showed significantly higher levels of HbAlc, fasting
plasma glucose, and postprandial glucose, indicating a
potential link between depression and diabetes manage-
ment difficulties (Table 3).

Table 3. Bivariate table: clinical parameter of diabetic patients with and without depression
With depression (n=37)

Clinical parameter
Number %

Without depression (n=_88)

Number %

Systolic blood pressure (SBP)

Normal (<140 mm Hg) 20 54.10 61 69.30 0.1503
Abnormal (2140 mm Hg) 17 45.90 27 30.70 ’
Diastolic blood pressure (DBP)
Normal (<90 mm Hg) 21 56.80 66 75.00 0.0556
Abnormal (=90 mm Hg) 16 43.20 22 25.00 ’
Haemoglobin glycosylated (HbA1c)
Normal (<7%) 11 29.70 60 68.20 0.0001
Abnormal (=7%) 26 70.30 28 31.80 ’
Fasting plasma glucose (FPG)
Normal (<126 mg/dL) 13 35.10 66 75.00 <0.0001
Abnormal (2126 mg/dL) 24 64.90 22 25.00 '
2-hour postprandial glucose (2-h PG)
Normal (<180 mg/dL) 10 27.00 60 68.20 <0.0001
Abnormal (=180 mg/dL) 27 73.00 28 31.80 '
Duration of diabetes
<5 years 8 21.62 28 31.82
>5 years 29 78.38 60 68.18 0.2861

Source: compiled by the authors
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The above bivariate analysis shows significant associ-
ations between depression and several clinical parameters
in diabetic patients. Those with depression had higher
rates of abnormal glucose levels, including fasting plasma
glucose (64.9 vs. 25.0%, p <0.0001), postprandial glucose
(73.0 vs. 31.8%, p <0.0001), and HbAlc (70.3 vs. 31.8%,
p=0.0001) compared to non-depressed patients. Depres-
sion was also linked to abnormal diastolic blood pressure
levels, although the latter showed borderline significance
(p=0.0556). These findings suggest that depression in di-
abetic patients is associated with poorer glycemic control.

Additionally, depression was associated with a higher
prevalence of diabetes-related complications, such as ne-
phropathy and neuropathy, further emphasising the com-
plex interplay between mental and physical health in di-
abetic patients. Treatment patterns revealed a substantial
reliance on oral drugs (49.6%), but a notable proportion
of depressed patients used insulin with higher frequency.
Lifestyle factors such as physical activity were also lower
among depressed individuals, suggesting the need for tar-
geted interventions to promote exercise and improve men-
tal health (Table 4).

Table 4. Bivariate table: treatment and lifestyle factors of diabetic patients with and without depression

With depression (n=37)

Treatment/Lifestyle

factor

Without depression (n=_88)

Number %

Number %

Type of medication

Insulin 18 48.6 24 27.3 X570

Oral drugs 13 35.1 49 55.7 0.0559

Both 6 16.2 15 17.0

Diabetes-related complication

Yes 28 75.7 39 44.3
0.0016

No 9 24.3 49 55.7

Workout

Yes 8 21.6 35 39.8
0.0640

No 29 78.4 53 60.2

Notes: X? - chi-square value
Source: compiled by the authors

The analysis of treatment and lifestyle factors reveals
that diabetic patients with depression were more like-
ly to use insulin (48.6 vs. 27.3%, p = 0.0559) and had a
significantly higher prevalence of diabetes-related com-
plications (75.7 vs. 44.3%, p =0.0016) compared to those
without depression. Additionally, depressed patients were
less likely to engage in physical activity (21.6 vs. 39.8%,
p = 0.0640), though this difference was not statistically

significant. These findings suggest that depression in di-
abetic patients is correlated to more severe disease man-
agement challenges and higher complication rates. Higher
HbAlc levels, fasting plasma glucose, and 2-hour post-
prandial glucose are significantly associated with higher
PHQ-9 depression scores, while neuropathy, nephropa-
thy, and retinopathy show no significant correlation with
PHQ-9 scores (Table 5).

Table 5. Correlation of depression with severity of DM

Variable Spearman’s p 95% confidence interval p-value

PHQ-9 score 1.000 N/A -
HbA1lc level 0.287 [0.104, 0.452] 0.006
Fasting plasma glucose 0.201 [0.027, 0.364] 0.047
2-hour postprandial glucose 0.318 [0.151, 0.476] 0.002
Neuropathy 0.125 [-0.043, 0.282] 0.214
Nephropathy 0.043 [-0.125, 0.206] 0.664
Retinopathy 0.182 [-0.013, 0.359] 0.082

Source: compiled by the authors

The correlation analysis shows that higher PHQ-9 de-
pression scores are associated with worse glycemic control,
as indicated by positive correlations with HbAlc levels
(r=0.287, p =0.006), fasting plasma glucose (r =0.201,
p = 0.047), and 2-hour postprandial glucose (r = 0.318,
p = 0.002). However, no significant correlation between

depression and diabetes-related complications such as neu-
ropathy, nephropathy, or retinopathy, was noted, suggest-
ing that depression has a substantial correlation with poor
glycemic control rather than complications. Higher PHQ-
9 depression scores are significantly associated with lower
values of a binary variable (Table 6).
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Table 6. Correlation of depression with duration of DM

Variable
PHQ-9 score

Point-biserial r

-0.231

95% CI
[-0.389, -0.059]

p-value

0.018

Source: compiled by the authors

The analysis shows a significant negative correlation
between PHQ-9 depression scores and the duration of di-
abetes (r=-0.231, p=0.018), indicating that patients with
longer durations of diabetes tend to have lower depression
scores. This suggests that patients with long-term diabetes
possibly possess coping mechanisms or have adapted to
new conditions, leading to lower levels of depression. The
findings of the study highlight the necessity of addressing
both psychological and physiological components when
managing diabetes to improve the outcomes for patients.

Discussion
DM affects 9.3% of the global population (463 million)
as of 2019 and is projected to rise to 10.9% (700 million)
by 2045. Urban areas (10.8%) and high-income countries
(10.4%) demonstrate higher prevalence compared to rural
areas (7.2%) and low-income countries (4.0%). Type 2 DM
accounts for 90% of cases. In 2019, Sudan was among the
countries with a DM prevalence exceeding 12%, according
to the International Diabetes Federation [13]. The disparity
in co-morbid depression prevalence among T2DM patients
can be attributed to a difference in assessment methods,
sociocultural and behavioural influences, and varied cutoff
scores for depression diagnosis using identical techniques.
A more detailed analysis of depression severity using PHQ-
9 scores from 37 people demonstrates that most people with
depression fit into the minimal (37.8%) or mild (27.0%)
depression category. But a significant fraction also suffers
from moderate (18.9%), fairly severe (10.8%), and severe
(5.4%) depression, indicating the population’s range of psy-
chological distress levels. A study by M. Ismail et al. [14] re-
ported that the incidence of depression with a PHQ-9 cutoff
value of more than 4 was 20.1% with moderate depression
accounting for most cases (70.8%), which is marginally
lower than the results of the present study investigation.
Another study by M. Ebrahim et al. [15] revealed that
48.9% of depression was developed by diabetic outpatients.
This outcome correlates with similar research findings
from other regions, indicating a high prevalence of depres-
sion among diabetic patients. In Saudi Arabia, a study by
A.A. El Mahalli [16] reported a depression prevalence of
49.6% among diabetic patients, emphasising the global na-
ture of the mental health burden associated with diabetes.
Similarly, research in Pakistan [17] determined a 43.5%
prevalence of depression in diabetic populations, further
underscoring the significant psychological challenges that
accompany diabetes in diverse settings. Evidence suggests
a bi-directional relationship between depression and type 2
diabetes (T2DM): patients are twice as likely to experience
depression, while individuals with depression face a 60%
higher risk of developing T2DM [18-20]. The prevalence

of T2DM was extremely high in the context of the study
by P. Ranasinghe et al. [8]. From 1972 to 2019, it increased
from 3.3 to 19% in urban areas and from 2.4 to 15% in rural
areas in India. The development of prevalent comorbidities
and disability-adjusted life years (DALYs) in diabetic pa-
tients is significantly influenced by depression [21].

Research conducted in the population of India by
S. Siddiqui et al. [22] aimed to ascertain the prevalence of
depressive disorder among patients with T2DM and com-
pare it with that of individuals without the disease. Findings
indicated that the prevalence of depression in patients with
known T2DM is nearly twice that of cases (35.38%) and
controls (20%) without the disease. In a different study [23],
it was discovered that of the 210 study participants, 103 (or
49%) had a PHQ-9 score of 10 or more, indicating that over
half of them were depressed. The findings of this study are
consistent with those of B. Kamble et al. [24], who report-
ed an overall prevalence of depression at 48.1% among pa-
tients with diabetes and hypertension, using the same scale
and cut-off score as in the present study. Similarly, N. Tane-
ja et al. [25] determined a 42.6% prevalence of depression
in individuals with both conditions. S. Khullar et al. [26]
reported that 32% of patients experienced severe depres-
sion, while 25.3% had mild to moderate depression. These
comparable results across studies reinforce the high burden
of depression among patients managing chronic conditions
such as diabetes and hypertension. These differences are at-
tributable to variations in the study time, participants’ so-
ciodemographic profile, and study setting.

The age distribution of participants in the current
study shows that although 94.6% of those with depression
are older than 40, the difference with those without de-
pression (93.2%) is not statistically significant. The study
by O.B. Albasheer et al. [27] is comparable to most studies
conducted in other nations worldwide, also revealing no
significant correlation with length of diabetes, age, or gen-
der. Additionally, a study by P. Aschner et al. [28] revealed
that among T2DM patients, depression was associated with
being female, being older, having lesser education, and hav-
ing poorer glycemic control. Another study by V.G. Ashok
& S.S. Ghosh [29] also demonstrated that depression in
hypertension patients was predicted by the female gender,
low socioeconomic level, and family support. A conflicting
study revealed that depression in hypertensive individuals
is markedly affected by variables such as gender, socioeco-
nomic position, marital status, low educational attainment,
regular physical activity, duration of hypertension, and un-
controlled blood pressure [30].

The results of a study conducted in Qatar [14] indicat-
ed that male gender was correlated with the development
of depression. This finding is similar to the findings of a
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study conducted in Ethiopia [15]. The gender distribu-
tion of those without depression shows a slightly higher
representation of males (59.1%) than females (40.9%), al-
though the difference is not statistically significant [31].
Nonetheless, additional research [32] revealed that female
T2DM patients experienced a greater prevalence of depres-
sion. M.A.K. Khiro et al. [33] stated that correlating with
previous research, female diabetic patients in this study
were more likely to develop depression than male patients.
Several aspects, including a lack of social support and a
higher sensitivity to negative life experiences due to con-
stitution, could account for this while in the present study
males were slightly higher.

No substantial variations in marital status were not-
ed between persons with depression and those without.
Additionally, no notable associations were found between
depressive state and employment status or educational
attainment. However, the study revealed that individuals
who were single, divorced, or widowed had higher rates of
depression compared to those who were married. A study
carried out in Sri Lanka [34] revealed a similar conclusion.
Married individuals benefit from social and psychological
support, which can alleviate depressive symptoms. Partner
support also improves adherence to antidiabetic treatment,
thereby reducing the risk of depression and other compli-
cations related to diabetes. Similarly, Y. Wang et al. [35]
demonstrated that social support acts as a protective factor
against depression.

In the present study, a comparison of clinical param-
eters between individuals with and without depression
revealed certain significant correlations. Although indi-
viduals with depression showed a higher prevalence of ab-
normal diastolic blood pressure (DBP) compared to those
without depression, the difference was non-significant. In
both groups, systolic blood pressure (SBP) showed non-sig-
nificant difference. Similarly, a recent Singapore study
found that over 95% of DM patients had T2DM. Glycated
haemoglobin and fasting blood glucose levels, as shown by
H. Abuhegazy et al. [5], are associated with an increased
chance of depression. In the present study, depression exhib-
ited a significantly higher proportion of abnormal glucose
levels across all metrics, including overall glucose, HbAlc,
fasting plasma glucose, 2-hour postprandial glucose, and
random plasma glucose levels. R. Das et al. [36] indicat-
ed that the development of depression in diabetic patients
is significantly influenced by the HbAlc level, a measure
of long-term glucose control there may be a connection
between depression and inadequate glycemic control.

Several studies found that the mean HBAlc was con-
siderably higher in the group of depressed patients com-
pared to non-depressed patients in a sample of T2DM pa-
tients and that the intensity of depression symptoms was
independently linked with HBA1lc in a sample of T2DM
patients [37]. There are several noteworthy correlations in
a comparison of treatment/lifestyle characteristics between
people with depression and people without depression.
The type of medication had no significant effect on the

difference between the two groups. According to a study
by R. Maimaitituerxun et al. [38], 75.40% of participants
received insulin treatment; in comparison to other individ-
uals, this group had a 1.86-fold increased chance of getting
depression. According to a study by P.S. Ciechanowski et
al. [39], depression in adult diabetics is possibly correlated
with a reduced adherence to diet, exercise, and medication.
Studies by C.E. Lloyd et al. [40] have shown a correlation
between low physical activity and increased depression in
diabetic patients, as well as poor diet and physical activity
compliance, but no correlation between medicine and de-
pression was obtained in the present study.

According to the current study, patients with depres-
sion are significantly more likely than those without depres-
sion to report diabetes-related complications (75.7%). The
present study data suggests that higher depression scores
are associated with HbAlc levels, even though depression
was found to be marginally correlated with poor glycemic
control in patients at a high significant level in a study by
S.J. Mahan & M.M. Mahammad [41]. The research demon-
strates a substantial positive correlation among PHQ-9
scores, fasting plasma glucose, and 2-hour postprandial
glucose, suggesting an association between increased glu-
cose levels and heightened depression scores. A study by
S.Sharif et al. [42] identified a significant disparity in fasting
blood glucose levels between patients with and without de-
pression. The study also revealed no substantial correlation
between PHQ-9 scores and nephropathy or neuropathy;
however, clinical depression was more prevalent among
patients with diabetic retinopathy, nephropathy, and neu-
ropathy. A substantial negative connection was found in
the current study connection of Depression with Dura-
tion of DM between PHQ-9 depression scores and another
unidentified variable. However, longer diabetes duration
was related to higher depression in a study by P. Reddy et
al. [43]. Diabetes duration was related to PHQ-9 scores.
PHQ-9 was associated with more diabetes complications.

The current study determined that depression among
diabetes patients at EH. Medical College was slightly less
prevalent than in other studies. However, depression re-
mains a critical factor affecting the quality of life in chronic
disease patients, with diabetes contributing to premature
mortality, disability, and economic losses for individuals
and healthcare systems.

Conclusions

This study highlighted a high prevalence of depression
(29.6%) among patients with DM, emphasising the impor-
tance of routine depression screening in both outpatient
and inpatient settings. Depression significantly impacts di-
abetes management, as evidenced by poorer glycemic con-
trol among depressed patients, including elevated HbAlc
levels (70.3% of patients with depression had HbA1c >7%
compared to 31.8% in non-depressed patients, p=0.0001).
Moreover, fasting plasma glucose levels were abnormal
(2126 mg/dL) in 64.9% of depressed patients compared
to 25.0% of those without depression (p < 0.0001), while
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postprandial glucose levels were abnormal (2180 mg/dL)
in 73.0% of depressed patients versus 31.8% in non-de-
pressed patients (p <0.0001).

Additionally, the study found that 75.7% of depressed
patients had diabetes-related complications such as ne-
phropathy and neuropathy, compared to 44.3% of non-de-
pressed patients (p=0.0016), underscoring the critical link
between mental health and physical outcomes in diabetic
patients. Depressed patients were also more likely to use in-
sulin (48.6 vs 27.3% in non-depressed patients, p =0.0559)
and were less likely to engage in regular physical activity
(21.6 vs 39.8%, p=0.0640).

These findings strongly support the need for integrat-
ed care approaches that address both mental and physical
health, requiring collaboration between endocrinologists,
psychiatrists, and primary care providers. Future research
should address the mechanisms linking diabetes and de-
pression and develop effective interventions that manage
both conditions simultaneously. The study also highlights

potential methodological inconsistencies, such as the re-
liance on self-report questionnaires and the categorical
treatment of depression and HbAlc, which may have in-
fluenced the findings. Additionally, the impact of antide-
pressant medications on glycemic control warrants further
exploration. Overall, incorporating mental health into dia-
betes care is crucial for improving patient outcomes.
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AHoTauig. LlykpoBmit fiaber - ILje CYKYIHICTH MeTaGOMYHMX 3aXBOPIOBaHb, sIKi XapaKTEPU3YIOTbCA CTIKOIO
rinepriikemiero, o MpU3BOAUTD O HACTIJKiB, AKi BIVIMBAIOTh Ha KibKa CUCTeM Oprasis. Jlempecia € mommpeHuM
i BIVIMBOBMM IICMXOCOLia/IbHMM CTaHOM Y IAl[i€HTIiB 3 miabeToMm, AKuMil e OibIie YCK/IaJJHIOE€ KOHTPO/Ib ITliKeMil Ta
HeraTMBHO BIUIMBA€ Ha 3arajibHMIT CTaH 340pOB’s. [laHe JOC/i/KeHHsI BUBYA/IO IOMNPEHICTD flenpecii ceper maieHTiB
3 LyKpoBMM [iabeToM, sAKi NepeOyBaloTh Ha aMOY/IaTOPHOMY JIiKyBaHHI, Ta I BIVIMB Ha Hepebir niabety. e nikapHsane
IepexpecHe CIOCTEPEKeHHA IPOBOAWIOC mpotsaroM 18 micanis. Bubipka 3 125 manieHtiB 3 LykpoBuM AiaGeToM
Oya BifiOpaHa Ha OCHOBi 9 % IIOKa3HMKa IOMIMPEHOCTi 3 5 % moxubkoio Ta 95 % pmoBipumM iHTepBasom. dempecito
0y710 OITiHEHO 3a JOTIOMOTOI0 9-TTYHKTHOTO ONMTYBA/TbHMKA [/ CKPUMHIHTY Aenpecii. Kniniune orjiHloBaHH:A BKIIOYano
BuMiproBaHH:A piBHA HbAlc, rmoxosy B mmasmi KpoBi HaTIe Ta IOCTIpaHAianbHOI Imokosn. CTaTMCTUYHMIA aHai3
IIPOBOAMBCS 3a JOIIOMOTOI0 IIporpaMHoro 3adesnedenHs SPSS. JlocmimkeHHA Toka3ao, o y 29,6 % nanieHTis 3 fiabeToM
IiarHOCTyBa/IN JEMpecilo Pi3HOTO CTyIeHsA TKKOCTI. Jlenpecis aconioBanacs 3 TiplIuM IJTiKeMiYHMM KOHTPOJIEM, IIPO
110 cBigummm gocrosipHo Buii piBHi HbAlc, rroko3u rra3Mm KpoBi Hatlile Ta HOCTIpaH/ianbHOI rioko3u. [larientn 3
JENpeCi€ro TAaKOX Majiyi BUILY IO PEHICTh OB A3aHUX 3 fiabeToM YCKIagHEHD, TAKUX K He(bponaTiﬂ Ta Helpomaris.
Y pocnmimkeHHi 3po6/IeHO BUCHOBOK, IO Jiellpecis IoIupeHa cepef MAalieHTiB 3 IYKPOBUM J[iabeToM i Mae 3HAUHUIA
BIUIMB Ha yIIpaBIiHHA AiabeToM. [TpakTuyHa IIHHICTD IIbOTO FOCI/KEHHA OIATAE B TOMY, 110 iHTerpOBaHa JOIIOMOTa,
BK/IFOYAI0YM CKPUHIHI Ta JIIKYBaHHA IICUXIYHMX PO3/IaJiiB, Ma€ BUpilla/bHEe 3HAYEHHS [JIA IIOKPAILEHHs Pe3y/bTaTiB
NiKyBaHHA IALIEHTIB 3 niabeTom

KAtouvoBi cAoBa: diabetes mellitus; KOHTPOIIb TTiKeMii; rieprikeMist; yCKIagHeHHs fiabeTy
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Abstract. Neoadjuvant chemotherapy is crucial for enhancing surgical outcomes and enabling breast conservation in
locally advanced breast adenocarcinoma, which is often inoperable. This prospective cohort study aimed to evaluate the
clinic-pathological response and breast conservation rates in patients with locally advanced breast cancer undergoing
neoadjuvant chemotherapy. The patients were administered chemotherapy according to a standard protocol and were
followed until their surgical outcome. Out of a total of 90 patients with locally advanced breast cancer, 78 were eligible
for neoadjuvant therapy. These patients, with a mean (SD) age of 47.5 (9.4) years, were included in the study. Nearly
half (52.6%) were post-menopausal; 55% (n=43) had right breast involvement, and 57.7% (n =45) had invasive lobular
carcinoma. Approximately 47.43% of patients demonstrated a complete clinical response. In comparison, only 37%
achieved a pathological complete response, which was not associated with the oestrogen receptor, progesterone receptor,
or human epidermal growth factor receptor-2 status (p > 0.05). Patients who achieved a complete clinical response had a
higher likelihood of undergoing breast conserving surgery (p < 0.05). The study observed that breast conservation rates
were improved with neoadjuvant chemotherapy. These findings may assist clinicians in improving treatment outcomes for
patients with locally advanced breast cancer
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Intfroduction

The advanced stage and unpredictable presentation of lo-
cally advanced breast cancer (LABC) make it a formidable
challenge for treatment and prone to surgical difficulties,
requiring a multidisciplinary approach for optimal man-
agement [1]. The diagnosis of LABC is characterised by a
primary breast tumour (TM) that is larger than 5 cm or
classified as T3, along with fixed (matted) axillary lymph
nodes, skin or chest wall involvement (T4), or spread of the
disease to ipsilateral internal mammary nodes or supracla-
vicular nodes, without distant metastases [2].

Among Indian women, breast cancer is the most fre-
quent malignancy, with an age-adjusted incidence rate of
25.8 per 1,000,000 [3]. LABC represents a subset of breast
cancer patients who present with unique clinical charac-
teristics and treatment considerations. LABC accounts
for 5% of breast cancer cases in developed countries [4],
while its prevalence is notably higher in resource-limit-
ed countries such as India [1]. LABC constitutes nearly
40% of breast cancer cases, with a survival rate of 13-24%
following surgical intervention, and a recurrence rate of
approximately 27% [3, 5].

L. Cuniolo et al. [1] and M.E. Akbari et al. [6] re-
vealed that LABC is a complex tumour that requires a
multi-pronged approach. They highlighted that optimal
management necessitates well-coordinated care by med-
ical, surgical, and radiation oncologists, involving radia-
tion therapy, surgery, and chemotherapy.

Neoadjuvant chemotherapy (NACT) has been in-
strumental in managing LABC, as noted in studies
by L.A. Korde et al. [7] and M. Dhanushkodi et al. [3].
NACT has recently been employed to reduce pre-oper-
ative tumours. A study by V. Pandurangappa et al. [8]
demonstrated that NACT may increase the likelihood of
achieving a pathologic complete response (pCR) in 91%
of patients and reduce the mean tumour size; however, it
may not lead to a significant increase in overall survival.
Additionally, a partial or complete response to NACT re-
sults not only in a better prognosis but also in improved
disease-free survival (DFS), distant disease-free survival
(DDFS), and overall survival (OS), as evidenced by a case
report by L. Cuniolo et al. [1]. Thus, patients who achieve
a pCR after NACT exhibit a significantly better prognosis
compared to those who do not.

Despite these advancements, several questions remain
regarding the prognostic significance of NACT response
and its implications for clinical practice. Furthermore, the
impact of different chemotherapy regimens on treatment
outcomes remains an area of ongoing investigation. In
addressing these questions, this study was undertaken to
gain insights into optimising treatment strategies and im-
proving outcomes for patients with LABC. Therefore, this
study aimed to assess the clinicopathological response of
NACT in LABC patients and to evaluate the effect of dif-
ferent chemotherapy regimens on patient outcomes.

Materials and Methods

This was a prospective cohort study conducted among fe-
male breast cancer patients registered at the institute be-
tween 2021 and 2023. A total of 90 female patients diag-
nosed with LABC, according to the criteria established by
the American Joint Committee on Cancer (8™ edition) [9],
were included in the study. Of these, only 78 were eligible
for neoadjuvant therapy. The follow-up of the patients was
conducted during their regular hospital visits for chemo-
therapy on a monthly basis. Data were recorded up to the
final outcome (i.e. surgery) as per the study objective.

Patients diagnosed with LABC, as defined below,
were included in the study. Exclusion criteria were pa-
tients who did not give consent and those with metas-
tases. All patients diagnosed with LABC were informed
about neoadjuvant chemotherapy and were given the
regimen as decided by the oncologist. All patients re-
ceived external beam radiation therapy (EBRT) as adju-
vant therapy, followed by hormonal therapy depending
on their hormonal status.

Diagnosis. The patients were diagnosed based on rel-
evant clinical history, mammography, and a pathological-
ly confirmed biopsy. Chest X-rays, abdominal ultrasonog-
raphy, bone scans, and PET-CT scans were performed
to identify distant metastases. Immunohistochemistry
(THC) was used to determine the hormonal and HER2/
neu receptor status.

Pre-operative therapy. Neoadjuvant chemotherapy
is employed to achieve local control and enable surgery
with clear resection margins. The response to neoadjuvant
chemotherapy includes tumour downstaging by reducing
the size of the tumour and the extent of local disease [9-11],
improving surgical outcomes by increasing the chances of
achieving clear surgical margins, identifying non-response
to initial chemotherapy, reducing the likelihood of axil-
lary lymph node involvement, thereby facilitating surgery,
and achieving a pathological complete response [12, 13].
Response to neoadjuvant chemotherapy was monitored
through clinical assessments such as changes in tumour
size and symptoms [14], mammography for baseline as-
sessments, ultrasound for real-time tumour size moni-
toring, magnetic resonance imaging (MRI) for detailed
imaging of tumour response, and positron emission to-
mography (PET) imaging studies for evaluating metabolic
response. Pathological evaluations were conducted with
needle biopsies to assess histological response. In addition,
biomarker analysis and patient-reported outcomes were
undertaken [14, 15].

The 78 patients involved in the study were given dif-
ferent chemotherapy regimens such as AC followed by
Taxol, Taxol followed by AC, Cyclophosphamide, Meth-
otrexate, and 5-Fluorouracil (CMF regimen), and Fluo-
rouracil, doxorubicin, and cyclophosphamide (FAC regi-
men) based on clinical discretion. The four most common
regimens used are listed in Table 1.
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Table 1. Chemotherapy regimens for LABC

Sr. No. Chemotherapy regimen

1

Doxorubicin (Adriamycin 40 mg/m?*) and Cyclophosphamide (200 mg/m?/day) also called AC. The patients received

chemotherapy every four weeks for four cycles. After this, surgery was performed, followed by four cycles of Taxol.

In this regimen, four cycles of Doxorubicin (Adriamycin) and Cyclophosphamide were followed by four cycles of Taxol

2 (175 mg/m?). After these eight cycles, surgery was performed.

3 Cyclophosphamide 600 mg/m?*IV infusion, Methotrexate 40 mg/m?IV bolus, and 5-fluorouracil 600 mg/m?IV bolus. The
regimen was administered every four weeks for six to eight cycles.

4 Fluorouracil 500 mg/m?, Doxorubicin 40 mg/m?, and Cyclophosphamide 500 mg/m?. This regimen was administered every

four weeks for six months.

Source: compiled by the authors

Radiotherapy. Radiotherapy involved standard frac-
tionation over 25-28 days, delivering a cumulative dose of
45-50.4 Gy. The standard fractionated dose was given five
days a week, from Monday to Friday, with sessions lasting
15 to 30 minutes, varying from patient to patient. The most
common fractionation schedule was 1.8 to 2.0 Gray (Gy)
per fraction, with a total cumulative dose ranging from
45 to 50.4 Gy. The cumulative dose was chosen to be high
enough to target and kill cancer cells, but not high enough
to damage surrounding healthy tissues. Smaller fractions of
these doses would also allow effective treatment by taking
advantage of the differential repair rates of cancer and nor-
mal cells [16, 17].

Monitoring and evaluation of the radiotherapy were
conducted through clinical assessments, imaging studies
including CT scans, MRI, PET scans, and the response
evaluation criteria in solid tumours (RECIST) [16, 18] cri-
teria to assess tumour size and classify response as com-
plete, partial, stable disease, or progressive disease. Blood
tests and biomarkers were also used to evaluate the tu-
mour’s response to treatment. Patient-reported outcomes
and feedback were also considered [19].

Local therapy (surgery). Following NACT, the tu-
mour was surgically removed, thereby eliminating any lo-
coregional spread. Depending on the patient’s condition,
various surgical techniques were employed, including
modified radical mastectomy (MRM), total mastectomy,
and breast-conserving surgery (BCS).

Adjuvant systemic therapy. Patients received post-op-
erative systemic therapy tailored to their individual needs
following surgery. Adjuvant endocrine therapy was admin-
istered to patients with expressed oestrogen and/or pro-
gesterone receptors. Patients requiring specialised therapy
had harmful germline abnormalities in either BRCA1 or
BRCA2. Overall, the strategy included a combination of ad-
juvant systemic therapy, radiotherapy, chemotherapy, sur-
gery, and diagnostic imaging, all customised to the specific
requirements and tumour characteristics of each patient.

Statistical analysis. The collected data were entered
into MS Excel using passwordprotected files and analysed
using SPSS software. Quantitative variables were described
as the mean and SD after checking the normality of the
data. Qualitative variables were described as frequency
and percentage. The chi-square test was used as a test of

significance, and for quantitative data, an unpaired t-test
was used. A p-value of <0.05 was considered statistically
significant.

Complete clinical response. The neoadjuvant chemo-
therapy clinical response was assessed using MRI and ul-
trasound scans, along with the RECIST version 1.1 [20].

MRI and ultrasound procedures in radiotherapy.
MRI procedure. MRI scans were conducted to evaluate
the response and detect the presence of any residual dis-
ease. These scans were performed using high-field MRI
scanners, with magnetic field strengths ranging from 1.5
Tesla to 3 Tesla. Patients were instructed to fast or undergo
bowel preparation. The scan duration ranged from 15 to
60 minutes, depending on the complexity and the number
of sequences required. An intravenous gadolinium-based
contrast agent was used to highlight differences between
normal and abnormal tissues.

Ultrasound procedure. Ultrasound was less frequent-
ly utilised than MRI. Ultrasound imaging was carried out
using a handheld transducer connected to an ultrasound
machine. The frequency of the transducer varied, typically
between 2 and 15 MHz, depending on the required depth
and resolution. A gel was applied to the skin over the are-
as to be examined to facilitate the transmission of sound
waves. The transducer was then moved over the skin to
capture real-time images of the tissues. This procedure took
15 to 30 minutes. In some cases, contrast-enhanced ultra-
sound (CEUS) was employed, where microbubble contrast
agents were injected to improve image quality and assess
blood flow.

Pathological complete response. The absence of the
primary tumour and any lymph node metastases in the
surgical specimen was defined as a pathological complete
response [21-23].

Histopathological analysis procedure. Samples were
collected through biopsies and surgical resections, all per-
formed under sterile conditions. Fixation was undertak-
en to preserve the tissue morphology, using 10% neutral
buffered formalin, followed by standard fixation proce-
dures. Staining was carried out using haematoxylin and
eosin (H&E) stains, and antigen determination followed
standard procedures. The analysis was conducted under a
light microscope to observe cellular morphology and tis-
sue structures.
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Written informed consent was obtained from the pa-
tients before including them in the study. The study adhered
strictly to the principles outlined in the Declaration of Hel-
sinki [24], ensuring that all participants provided informed
consent voluntarily and comprehensively. Confidentiality
and privacy were meticulously safeguarded throughout the
study, with data anonymised to prevent identification.

Results

Of the total 90 LABC patients in the study, only 78 were
eligible for neoadjuvant therapy. The mean (SD) age of the
patients was 47.5 (9.4) years. More than half (52.6%) were

post-menopausal, while 44.8% (n = 35) were pre-men-
opausal. Additionally, 55% (n =43) had right breast in-
volvement, 57.7% (n = 45) had invasive lobular carcino-
ma, and 42.3% (n = 33) had invasive ductal carcinoma.
In terms of staging, the most common stage was IIIB,
observed in 39.7% (n =31) of patients, followed by IIIA
in 34.6% (n=27) and IIIC in 17.9% (n = 14), with stage
IV breast carcinoma being the least common, seen in only
one patient (1.3%). There were 52.7% ER-positive cases
(n =30), while progesterone receptor-positive cases con-
stituted 40.5% (n =30), and 45.7% (n=32) of cases were
Her2neu-positive (Table 2).

Table 2. Clinical history of the patients (n=78)

Variable Frequency (%)
Menstrual Status
Pre-menopausal 35 (44.8)
Peri-menopausal 02 (02.6)
Post-menopausal 41 (52.6)
Breast Involvement
Right 43 (55.0)
Left 35 (45.0)
Morphology of Breast Carcinoma
Invasive Ductal Carcinoma 33 (42.3)
Invasive Lobular Carcinoma 45 (57.7)
Clinical Stage
ITa 02 (02.6)
Ib 03 (03.9)
IITa 27 (34.6)
IIb 31(39.7)
IIIc 14 (17.9)
v 01 (01.3)
ER (n=74)%
Positive 39 (52.70)
Negative 35 (44.87)
PR (n=74)*
Positive 30 (40.54)
Negative 44 (59.45)
Her2neu (n=70)#
Positive 32 (45.71)
Negative 38 (54.28)

Notes: * - only 74 patients were evaluated for ER-PR receptor status; # — only 70 patients Her2neu status evaluated

Source: compiled by the authors

Patients had been given various neoadjuvant chemo-
therapy regimens as per the four regimens described in
Table 3 below. Forty-six patients were given the 4#AC-
4#Tx-Sx regimen, twenty were given the 4#AC-Sx-4#Tx
regimen, ten patients received the 6#FAC regimen, and
two patients were treated with the 6-8#CMF - Sx regi-
men. A complete clinical response was observed in the
4#AC-4#Tx-Sx regimen (n = 23/46), followed by the
4#AC-Sx-4#Tx regimen (n=11/20). A pathological com-
plete response was also observed in similar proportions in
these two regimens. There was no statistically significant
difference in the clinical or pathological response con-
cerning the different NACT regimens (Table 3).

Almost an equal proportion of pre-menopausal and
post-menopausal patients exhibited a complete clinical
response (n =18/35 and n = 19/41, respectively). Less
than half of the patients with invasive ductal carcino-
ma achieved a complete clinical response. Almost equal
numbers of ER-positive and ER-negative carcinoma pa-
tients demonstrated a complete clinical response, while
a greater proportion of PR-positive (17/30) patients
compared to PR-negative (16/44) patients, and more
Her2neu-positive (17/32) patients, achieved a complete
clinical response. No statistical association was observed
between the clinical characteristics of patients and their
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clinical or pathological responses (p > 0.05) (Table 2). statistically significantly associated with complete clin-
The clinical response was significantly associated with  ical or pathological responses (p >0.05). Table 4 shows
the type of surgery involved (p <0.05); however, the dif-  the association of clinical characteristics with clinical
ferent neoadjuvant chemotherapy regimens were not and pathological responses.

Table 3. Clinical and pathological response to different NACT (n=78)

Regimen CR NR PD PR Total p-value
Clinical response
4#AC-Sx-4#Tx @ 11 01 00 08 20
4#AC-4#Tx-Sx @ 23 04 01 18 46
10. 31
6-8#CMF - Sx @ 01 01 00 00 02 0:50(0.31)
64FAC @ 02 01 01 06 10
Pathological response
4#AC-Sx-4#Tx @ 09 01 00 18 20
4#AC-4#Tx-Sx @ 15 04 01 26 46
10. .
6-8#CMF - Sx® 01 01 00 00 02 0.05(0.35)
64FAC @ 02 02 01 05 10

Notes: CR - complete response; NR — no response; PD - progressive disease; PR - partial response; # — Chi-square test
with Yate’s correction; the dosages of chemotherapeutic agents are detailed in Table 1
Source: compiled by the authors

Table 4. Clinical characteristics and their association with clinical and pathological response (n=78)
CR NR PD PR Total p-value

Variabl
AHEDIE Clinical response
Menstrual status
Pre-menopausal 18 6 1 12 35
5.45(0.14
Post-menopausal 19 1 1 20 41 ( )
Morphology of breast carcinoma
Invasive ductal carcinoma 38 7 2 38 85
0.79 (0.851
Invasive lobular carcinoma 3 0 2 0 5 ( )
ER status
Positive 17 3 0 19 39
4.36 (0.628
Negative 16 4 1 14 35 ( )
PR status
Positive 17 3 0 10 30
6.50 (0.369
Negative 16 4 1 23 44 ( )
Her2neu status
Positive 17 3 1 11 32
5.53(0.478
Negative 15 4 0 19 38 ( )

Pathological response

Menstrual status

Pre-menopausal 14 7 1 15 35
7.30 (0.062
Post-menopausal 13 1 1 26 41 ( )
Morphology of breast carcinoma
Invasive ductal carcinoma 27 8 2 48 85
. 874
Invasive lobular carcinoma 2 0 0 3 5 0.69 (0.874)
ER status
Positive 9 3 0 27 39
Negative 14 4 1 16 35 630 (0.390)
PR status
Positive 8 3 0 19 30
2. .82
Negative 15 4 1 24 44 87(0.825)
Her2neu status
Positive 12 3 1 16 32
4.59 (0.596
Negative 9 4 0 25 38 ( )

Notes: CR - complete response; NR - no response; PD - progressive disease; PR — partial response; p-value <0.05
considered statistically significant
Source: compiled by the authors
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Table 5 demonstrates the association of clinical charac-
teristics with surgical intervention. It is important to note
that clinical response had a significant impact on the choice

of surgical intervention (p <0.05), highlighting the impor-
tance of accurate assessment of the response to NACT for
planning further treatment.

Table 5. Association of clinical characteristics with surgery (n="78)

Drug therapy Surgery p-value
BCS MRM Total mastectomy Total
Oestrogen receptor

iti 0 36

P051tlye 10 26 4,03 (0.402)
Negative 12 18 1 31

Progesterone receptor

Positi 21 29

ositive 8 0 3.46 (0.483)
Negative 14 23 1 38

HER?2 status

Positi 1 1 1 30

ositive 0 g 2,96 (0.563)
Negative 12 21 0 33

Drug therapy (n = 78)
4#AC-Sx-4#Tx V) 9 11 0 20
4#AC-4#Tx-Sx @ 14 31 1 46
5.68 (0.460

6-8#CMF - Sx © 0 2 0 2 ( )

6#FAC @ 2 7 1 10
Clinical response
CR 15 22 0 37
NR 1 6 0 7
80.47 (<0.0001
PD 0 0 2 2 (<0.0001)

PR 9 23 0 32

Notes: CR - complete response; NR - no response; PD — progressive disease; PR — partial response; # — number of cycles;

the dosages of chemotherapeutic agents are detailed in Table 1

Source: compiled by the authors

In a study of 90 LABC patients, 78 were eligible for ne-
oadjuvant therapy with a mean age of 47.5 years. Clinical
response rates were similar across the pre- and post-men-
opausal groups and varied slightly based on hormone re-
ceptor status. No significant association was found between
clinical characteristics and response to treatment, but clin-
ical response significantly influenced the choice of surgical
intervention, emphasising the need for accurate assessment
in treatment planning.

Discussion

Of the 90 LABC patients in this study, 78 were eligible for
neoadjuvant therapy, with a mean age of 47.5 years. The ma-
jority were post-menopausal (52.6%), with right breast in-
volvement (55%) and invasive lobular carcinoma (57.7%).
Most patients were staged at IIIB (39.7%) or IIIA (34.6%).
Complete clinical and pathological responses were highest
in the 4# AC-4#Tx-Sx regimen and were similar across oth-
er regimens, with no significant differences observed based
on therapy type. Clinical response significantly influenced
surgical choice, but no strong associations were found be-
tween clinical characteristics and response outcomes.

The mean (SD) age of the patients was 47.5 (9.4) years
in this study, which is comparable to the studies of P. Chid-
ley et al. [25] and T. Bhattacharyya et al. [26]. In these stud-
ies, the majority of participants were in the post-menopau-
sal state, which is consistent with the findings of this study.

The mean age of patients in the study by C.E. DeSantis et
al. [27] was around 50 years, with a significant proportion
of post-menopausal women and right breast involvement.
Invasive lobular carcinoma was less frequent compared to
the findings of the Indian study. Similar to the Indian study,
the one by A. van der Voort et al. [28] had an average age
of 45 years, with a higher proportion of patients presenting
with HER2-positivity.

The majority of the patients in this study received six
cycles of chemotherapy, with Doxorubicin (Adriamycin)
and Cyclophosphamide, also referred to as AC, used as the
main regimen of treatment. Following this, AC with Taxol
was administered as per institutional policy. No statistical-
ly significant difference was observed between the clinical
and pathological responses to the different regimens. How-
ever, according to H.D. Bear et al. [12], the National Surgi-
cal Adjuvant Breast and Bowel Project (NSABP) trial, con-
ducted by the National Cancer Institute, reported superior
response rates with the sequential use of taxanes and doxo-
rubicin, leading to superior partial and complete responses
in both ER-positive and ER-negative patients.

In this study, nearly 47.43% of patients had a complete
clinical response, while only 37% had a complete patho-
logical response. This response is higher compared to the
26% complete clinical response and 13% complete patho-
logical response in the study conducted by S.K.R. Kunnu-
ru et al. [29]. A study by P. Choudhary et al. [30] showed
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that the complete pathological response to NACT in LABC
patients was 21%. Another study by A.A. Alawad [31]
showed a complete clinical response of 11%. The possi-
ble reason for the differences in the response may be due
to the different regimens administered to the patients in
various studies. In the study by G. Curigliano et al. [32],
NACT was shown to achieve a high rate of clinical and
pathological complete responses (PCRs) in patients with
HER2-positive and triple-negative breast cancers, result-
ing in significant downstaging and improved surgical
outcomes. Meanwhile, in the study by Loibl et al. [33],
it was highlighted that NACT led to increased rates of
breast-conserving surgeries compared to pre-NACT sce-
narios, with better outcomes observed particularly in tri-
ple-negative and HER2-positive subtypes.

The clinical or pathological response was not depend-
ent on other characteristics such as ER-positive status,
PR-positive status, or Her2-neu status of the LABC. Con-
versely, the study by P. Choudhary et al. [30] demonstrated
a positive correlation between Stage II and the absence of
ER/PR expression, which showed a statistically significant
correlation (p <0.05) with the rate of pCR. The study con-
ducted by O. Mermut et al. [34] also revealed that the T1
stage and N1 stage, along with negative oestrogen/proges-
terone receptor status, were significantly associated with
NACT response. This limitation may be due to the use of
different chemotherapy regimens.

Thirty-two per cent of the patients could undergo
breast-conserving surgery (BCS) after NACT. The rates of
BCS following NACT in this study are higher compared
to those reported in the findings of Scientist S.K. Agraw-
al et al. [35]. These variations may be attributed to the va-
riety of chemotherapeutic regimens and the differences in
the study population. Similarly, the study by A. Soran et
al. [36] showed increased rates of breast-conserving sur-
gery after NACT, particularly in patients with a good clin-
ical response. Mastectomies were still performed but were
less frequent compared to pre-NACT rates. The study by
M.R. Kwon et al. [37] found that NACT improved the fea-
sibility of breast-conserving surgery, especially in patients
who initially presented with indications for mastectomy.

Overall, patients with CR and pCR had a higher likeli-
hood of undergoing breastconserving surgery compared
to other responses. A meta-analysis by Y. Sun et al. [38]
demonstrates similar findings. Therefore, it can be con-
cluded that NACT resulting in complete clinical and
pathological responses is associated with a greater likeli-
hood of breast conservation. The study by L.M. Spring et
al. [39] noted that patients with HER2-positive and
triple-negative breast cancer types were more likely to
achieve complete clinical responses, which correlated
with a higher rate of breast-conserving surgery. Anoth-
er study by A. Hennigs et al. [15] indicated that patients
with lower clinical stages and higher response rates to
NACT had a better chance of undergoing breast-con-
serving surgeries, while those with residual disease often
required mastectomy.

Due to limited resources, BRCA status was not eval-
uated, which could facilitate more effective treatment
strategies. Progression-free survival and overall survival
after different NACT regimens were not evaluated, which
could provide data regarding the long-term effects of the
regimen. Therefore, this study highlights the response to
NACT, wherein the clinical complete response was almost
50%, and the complete pathological response was 37%.
No statistically significant associations were observed
between age, menopausal status, tumour location, or tu-
mour histology and the response; nor was there an asso-
ciation between the type of NACT and the response. The
choice of surgical intervention significantly affected the
clinical response.

Overall, the study conducted at this tertiary care cen-
tre aligns with international findings in many respects.
The mean age and clinical characteristics in this Indian
study are consistent with international trends, although
some variations exist in histological types. The effective-
ness of NACT in achieving downstaging and improving
surgical options aligns with global studies, which demon-
strate high rates of complete responses and increased rates
of breast-conserving surgery.

The types of surgical interventions and their out-
comes post-NACT are similar to those observed interna-
tionally, with an emphasis on breast-conserving surgery
where possible. The correlation between clinical response
to NACT and surgical options observed in the Indian
study is consistent with international findings. Thus, this
study contributes valuable insights into the effectiveness
of NACT in a different demographic and clinical setting,
reinforcing the general benefits observed globally while
highlighting specific regional characteristics.

Conclusions

Of the initial 90 LABC patients considered, 78 were eli-
gible for neoadjuvant chemotherapy. The mean age of the
study patients was 47.5 years, and a significant portion of
them were post-menopausal (52.6%). The majority had
right breast involvement (55%) and invasive lobular car-
cinoma (57.7%).

The study aimed to assess both the clinical and patho-
logical responses to neoadjuvant chemotherapy. A com-
plete clinical response was observed in 47.43% of patients,
while 37% exhibited a complete pathological response.
However, no statistically significant associations were
found between clinical characteristics (such as age, men-
opausal status, tumour location, and histological type)
and either clinical or pathological response (p > 0.05).
The findings did not reveal any statistically significant
differences in clinical or pathological response based
on the type of neoadjuvant chemotherapy regimen used
(p>0.05). This suggests that the effectiveness of different
regimens in inducing tumour response was similar within
the cohort studied. Although specific rates were not de-
tailed, the study aimed to estimate breast conservation
rates following neoadjuvant chemotherapy. This aspect
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was likely impacted by the clinical response observed in
patients, which significantly influenced the choice of sur-
gical intervention (p <0.05).

Importantly, clinical response to neoadjuvant chemo-
therapy significantly influenced the type of surgical
intervention chosen for patients (p < 0.05). This under-
scores the critical role of accurately assessing treatment
response to guide subsequent surgical decisions and op-
timise outcomes. In conclusion, while the study did not

assessment in guiding surgical management decisions.
Future research could further explore factors influencing
response variability and refine strategies to enhance treat-
ment outcomes in this patient population.
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AHoTaL,ig. Heoan'toBaHTHa XiMiOTepalis € BXX/IMBOIO YIS IIOKPAIeHHs XiPYPriYHUX pe3ynbTaTiB Ta MOX/IMBOCTI 30e-
PeXEeHHSA TPYAHOI 3371031 Y BUIIA[IKAX JIOKA/IbHO IIOLIMPEHOrO PaKy IPYAHOIL 3271031, SKi B iHIIOMY BUIIaJKY 4acTO € HEO-
nepabeNbHUMM. MeToI0 IIbOro IPOCIEKTUBHOTO KOTOPTHOTO JOC/IPKeHHA Oy/I0 OLHUTY KIiHIKO-IIaTONIOriYHy BifIo-
Bifib Ta piBHi 36epexkeHHsA IPYAHOI 3a/1031 Y MAII€HTIB 3 JIOKA/IbHO IIOLIMPEHUM PaKOM IPYRHOI 3271031, AKi IPOXOAMIN
HeoaJ'IOBaHTHY XimioTepamiio. ITanjenTam Oyna mpoBefieHa XiMioTepamis 3a cTaHZAPTHUM IIPOTOKOJIOM, i IXHilI cTaH
0y/10 KOHTPOJIIOBAHO JJO OTPUMAHHA XipypridvHoro pesynprary. I3 saranpHoi KinbkocTi 90 HallieHTiB 3 IOKaJIbHO ITOLIN-
PEHUM paKoM TpYRHOI 321031 B HOCIiKeHH] /mire 78 Oynu fomylueHi 1o Heoax'oBaHTHOI Teparii. I]i 78 mauieHTis 3
cepenHiM BikoM 47,5 (9,4) pokiB Oyimu BKII0YeHi B focnimpkenns. [Ipakrudno nonosuHa (52,6 %) naieHTiB nepedysamm
B IIOCTMeHoOIay3i; y 55 % (n=43) 6yn0 ypaskeHHA IpaBoi MOJIOYHOI 3a71031, a 57,7 % (n=45) cTpaxpanu Ha iHBasuBHY
no0yLApHy KapuyHoMy. IIpakTuano 47,43 % malieHTiB NOKa3alu IOBHY K/IiHIYHY BifIlOBifb, i mimre 37 % Maiu IOBHY
IIaTOJIOTiYHY BiJIIOBiflb, IO He 6Y/IO IOB'SI3aHO 3i CTATYCOM €CTPOr€HOBUX PeLeNTOpPiB, IPOreCTEPOHOBMX PeLeNTOPiB
Ta emigepManpHoro ¢akropa pocry moauuu (p >0,05). ITanieHTy 3 TOBHOI KIiHIYHOI BifIIOBiAAI0 Maay BUIII IIAHCK
Ha 30epexXeHH: TpyAHoi 3anmo3u (p < 0,05). Byno BinsHaueHo, 1[0 36epexKeHHs TPYRHOI 3a/103M ITOKPAIYETbCSA 3aBIAKA
HeoaJ I0BaHTHIi XiMioTepamii. Lle ZocmiKeHHA TOOMOXe TiKapAM IOKPAIUTY pe3y/IbTaTy JTiKyBaHH: MAlli€HTiB 3 JIO-
KaJIbHO IIOLIVPEHUM PAKOM I'PYJHOI 3271031

KAlO4OBi CAOBQ: noMmMpeHnit paK; iHBasMBHMIT pak TPYLHOI 3a/1031; OHKOJIOTIYHI pe3y/IbTaTy; onepaliis 3i 36epexeH-
HsA TPYIHOI 32710311
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Abstract. Dengue remains a significant public health issue in the Philippines and globally. This study aimed to evaluate
the risk perception, attitude, and prevention practices of Barangay Buhangin Proper residents while examining whether
socio-demographic profiles significantly influenced these factors. The objective was to develop strategic community health
interventions. A total of 584 residents participated in face-to-face interviews using an adapted risk perception, attitude,
and practice questionnaire. The results show that residents demonstrated good risk perception (51.49, cut-off = 51.20)
and attitude (43.62, cut-oft = 38.40), but exhibited poor practice (47.22, cut-off = 57.60). The study also revealed that
females (OR=1.493,95% CI=1.016-2.194, p=0.041), college graduates (OR=0.653, 95% CI=0.273-1.561, p=0.041), and
employed individuals (OR=0.654, 95% CI=0.441-0.970, p =0.034) were statistically associated with good risk perception
while being married (OR=0.699, 95% CI =0.318-1.714, p =0.038) was associated with a positive attitude. However, no
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socio-demographic factors were linked to good practice, indicating that the issue with practices persists regardless of
profile. Furthermore, weak positive correlations were observed between risk perception and attitude (r=0.266, p <0.001),
risk perception and practice (r=0.092, p <0.027), and attitude and practice (r =0.144, p <0.001). Despite awareness of
risks and having positive attitudes, the community struggles to maintain effective practices due to complacency, self-
serving behaviour, and inadequately targeted interventions. This study recommends implementing tailored interventions

to address the root causes and effectively combat dengue

Keywords: socio-demographic profile; development of community health interventions; modifiable factors in
dengue progression; change mechanisms for dengue prevention; implementing change mechanisms

Introduction

Dengue cases are increasing rapidly worldwide and repre-
sent the most common mosquito-borne viral infection in
humans. Despite continuous advancements in health inter-
ventions, it remains a significant public health concern [1,
2]. Dengue is caused by the dengue virus (DENV), which
is transmitted by infected female mosquitoes, primarily Ae-
des aegypti and, to a lesser extent, A. albopictus. Transmis-
sion occurs from person to person through mosquito bites.
Symptoms include the sudden onset of high fever, muscle
and joint pain, loss of strength, pain behind the eyes, skin
rashes, nosebleedsafter the fever subsides, stomach pain, cof-
fee-coloured vomit, black stools, and difficulty breathing [3].

Dengue cases are underreported globally, and there has
been more than a fifteen-fold increase in cases reported to
the WHO, from 505,430 in 2000 to 7.6 million in 2024 [2].
In May 2024, the Philippines recorded approximately 59,267
cases, which is higher than the 45,722 cases reported dur-
ing the same period last year [4]. Locally, the Davao Region
is one of the 17 dengue-endemic areas in the Philippines
and recorded 9,073 cases as of June 22, 2024, an increase
from 7,199 cases in the same period in 2023. Davao City ac-
counted for 2,192 dengue cases in June 2024, which repre-
sented more than 24% of the region’s total of 9,073 cases [5].

With the continuous rise in dengue infections in the
Philippines, the Department of Health (DOH) developed
the Dengue Prevention and Control Program to reduce
the burden of dengue disease, as outlined in DILG MC
No. 2012-16. This programme emphasises the surveillance
of dengue cases through various government agencies, case
management and diagnosis through extensive dengue clin-
ical management training for hospitals, and the establish-
ment of dengue confirmatory tests [6]. However, according
to E.P. Ong et al. [7], the programme has not met its objec-
tives, primarily due to the lack of community engagement
in taking responsibility for combating dengue.

A study by S. Sulistyawati et al. [8] on dengue vector
control through community empowerment in Yogyakarta,
Indonesia, revealed that most participants adopted prac-
tices that raised awareness about the presence of larvae in
water containers. These practices included cleaning and
brushing containers, as well as cleaning them one to three
times per week. The use of repellents, mosquito coils, or
sprays in the morning and evening was also noted.

Additionally, a study by C. Aerts et al. [9] on the impor-
tance of disease knowledge and risk perception in shaping
preventive behaviour for selected vector-borne diseases in

Guyana showed that prevention strategies were employed
more frequently among individuals with higher levels of
education. Education significantly enhanced knowledge
and understanding of dengue and malaria. Furthermore,
the study highlighted the importance of raising awareness
about the risks and making preventive measures more ac-
cessible to avoid decreased risk perception, which could
lead to lower levels of preventive activity.

In addition, the study by V.R.D.M. Herbuela et al. [10]
proposes two comprehensive health initiatives that will
help individuals effectively apply their knowledge and at-
titudes to improve their practices. Health initiatives should
focus on changing behaviour to translate information and
perspectives into more effective strategies against dengue
fever. Several initiatives continue to prioritise education
and awareness campaigns over physical activity initiatives,
which are more effective in influencing behaviour.

According to A.B. Siddique et al. [11], the findings
highlight an increased perceived risk and a significant
discrepancy in practices, revealing key influences such as
gender, educational attainment, employment status, suffi-
cient sleep duration, and the father’s occupation. The study
emphasises the urgent need for targeted public health ini-
tiatives to raise awareness and encourage proactive partic-
ipation in dengue prevention, particularly among young
people, who play a crucial role in shaping a community’s
response to viral illnesses.

E.R. Gregorio et al. [12] also found that, despite exist-
ing dengue programmes and policies, as well as Filipinos’
high awareness of the disease, dengue remains a persistent
issue with increasing case rates. To achieve a dengue-free
Philippines, key themes should be prioritised, and actions
should be adapted to more effectively reach and impact the
target audience.

At present, no data is available on the risk perception,
attitudes, and practices (RPAP) of residents in Davao City
concerning dengue infection. Understanding the RPAP of
residents is crucial, as it will help uncover the root causes
of the problem within the community. Despite numerous
initiatives and activities aimed at addressing the issue, the
number of cases continues to rise due to a lack of communi-
ty collaboration. Therefore, this study aimed to thoroughly
assess the RPAP of residents, identify potential causes for
the increasing number of dengue cases and provide valu-
able guidance to public health officials and policymakers
involved in combating the disease.

International Journal of Medicine and Medical Research, 2024, Vol. 10, No. 2 27



Assessing perceived dengue risk...

Materials and Methods

The researchers identified the research locale based on
epidemiological data obtained from the Department of
Health - Davao City, following the trend in dengue cases
since 2018. Barangay Buhangin Proper was selected as the
locale, as it was also classified as a dengue hotspot, having
exceeded the local epidemic threshold [13, 14]. The sample
size was then determined using Cochran’s formula:

22xp(1-p)
2

Sample size for known population = 1+<zsz(1—p)) , (1)
eZN

where N - the population size; z — the z-score; e — the mar-
gin of error; p — the standard deviation. The initial sample
size calculation was 382 individuals, based on a 5% mar-
gin of error. However, to minimise the design effect, 584
individuals were included in the study. Respondents were
selected using two-stage random cluster sampling from
nine (9) puroks in Barangay Buhangin Proper, Davao City,
between April and May 2023.

The adapted RPAP questionnaire by M.I.A. Zamzuri et
al. [15] was validated. Both the questionnaire and the In-
formed Consent Form (ICF) were translated by a Bisaya
linguist to eliminate any language barriers for the respond-
ents. The translated questionnaire then underwent content
validity and reliability testing, administered to 30 randomly
selected participants not included in the target population.
The results were analysed using Cronbach’s Alpha values,
calculated through the Reliability Analysis Test in IBM’
SPSS’ Statistics 21 software, yielding internal consistency
values ranging 0.701-0.855.

Before conducting the survey, the researchers briefed
the assigned personnel on the dissemination of the ques-
tionnaires, including the purpose and agenda of the study,
with particular emphasis on the correct procedure for se-
lecting respondents. The researchers, along with the desig-
nated barangay personnel and BHWs, were then deployed
to the nine (9) randomly selected puroks to conduct the
survey simultaneously. The sampling criteria included al-
lowing only one representative per household to complete
the questionnaire. Eligible participants were permanent
residents who had lived in Barangay Buhangin Proper,
Davao City, for six (6) months or more, who could read and
write, were physically and mentally fit, were not members
of the indigenous community, had or had not had a history
of dengue infection, and were 18 years of age or older. Ex-
cluded from the study were minors (17 years and below),
transient residents who had lived in the area for less than
six (6) months, those unable to read or write, individuals
with compromised physical or mental health, and mem-
bers of the Indigenous community.

Before distributing the questionnaires, the researchers
and barangay personnel explained the study, its goals, and
its purpose to ensure respondents fully understood their in-
volvement and how their participation would contribute to
the research. The researchers and barangay personnel then
asked respondents to sign the ICE indicating their voluntary

participation in the study. Only those who signed the con-
sent form were included. Once participation was confirmed,
a two-part questionnaire was distributed face-to-face.

The first part of the questionnaire gathered socio-de-
mographic information, such as age, sex, civil status, edu-
cational attainment, employment status, monthly income,
type of residential building, and history of dengue. The sec-
ond part consisted of a 23-item questionnaire. Questions
1-8 focused on risk perception, which assessed the dan-
gers that pose short- or long-term risks to the communi-
ty. Risk perception refers to the subjective judgment made
by respondents regarding dengue as a threat to health and
well-being. For example, questions on this scale included:
“Dengue fever can cause death; Fever lasting for 3 days is
concerning to me. I feel that I cannot wait up to 5 days to
seek treatment; I have many close friends who have recovered
from dengue fever, but I am still afraid of dengue; and I need
a lot of money to implement dengue prevention at home.” etc.

Questions 9-14 addressed attitudes, which evaluate
ways of thinking reflected in people’s behaviour and how
these directly affect their daily lives. Attitudes are shaped
by respondents’ past experiences with dengue and deter-
mine their actions towards the disease. For example, some
questions included: “If at least one person in the household
is knowledgeable about the disease, they can help prevent
it in the home; It is necessary for me to share information
about dengue fever with my family members; and I become
more interested in participating in dengue control/prevention
when there is cooperation within the neighbourhood.” etc.
Additionally, questions 15-23 related to practices, referring
to actions repeatedly performed that establish a shared
identity within the community. These questions focused on
how the community takes action to prevent the spread of
dengue. For example, questions on this scale included: “I
use mosquito repellent (lotion/spray/coil); I always keep wa-
ter containers in my house tightly sealed; and I add larvicide
to water storage to kill mosquito larvae.” etc.

The RPAP questionnaire was answered using an
8-point Likert scale, ranging from 1 = strongly disagree to
8 = strongly agree. The cumulative scores for risk percep-
tion, attitude, and practice ranged from 8 to 64, 6 to 48, and
9 to 72, respectively. To ensure the utmost anonymity and
confidentiality of respondents, instead of asking for names,
a reference number was assigned to each questionnaire.

All gathered information was stored in Google Drive
by Google™ and organised into specific folders. Hard cop-
ies of the consent forms, questionnaires, field notes, or in-
formal jottings were categorised and securely stored. Access
to these materials was strictly limited to the study’s propo-
nents. All saved raw data and hard copies will be stored
from 2023 to 2025, after which they will be destroyed to
render them inaccessible. The researchers guarantee that
no files or remaining data will be retained, and all informa-
tion will be permanently deleted.

The data collected were encoded into Google Sheets by
Google™ and were double-checked to ensure accuracy and
repeatability. After this, the socio-demographic profile and

28 International Journal of Medicine and Medical Research, 2024, Vol. 10, No. 2



Barnaga et al.

scores from the RPAP questionnaire were imported into
IBM' SPSS’ Statistics 21 software for descriptive and infer-
ential statistical analyses. Descriptive statistics were used
to obtain frequencies and percentages for the socio-demo-
graphic profile, and the mean was calculated for each ques-
tion in the RPAP questionnaire. Total scores were calculat-
ed for each RPAP scale, and scores were classified as good
or poor based on the 80% cut-off point.

The Pearson Chi-Square Test was used to interpret and
compare the socio-demographic profiles with RPAP, cat-
egorising the profiles as either good or poor. In addition,
the RPAP of the respondents regarding dengue infection
was analysed using multivariate logistic regression to ob-
tain the odds ratio/likelihood of each socio-demographic
profile displaying good or poor RPAP. Using the Pairwise
Correlation Table, cross-tabulations were calculated be-
tween respondents’ risk perception, attitude, and practice
to assess significant relationships. The significance of all
analyses was tested at the 0.05 level.

Lastly, the development of community health interven-
tions was guided by the pragmatic Six Steps for Quality In-
tervention Development (6SQuID) framework, originally
developed by D. Wight et al. [16] and validated by L. Tir-
man et al. [17]. First, the problem and its causes, based on
the risk perception, attitudes, and practices of Barangay

Profile

Table 1. Socio-demographic profile of respondents in the study

Buhangin Proper residents concerning dengue infection,
were defined and understood. The next step was to identi-
ty which of the primary or underlying factors shaping the
problem had the most significant scope for change. Fur-
thermore, the most promising modifiable causal factors
were identified, and mechanisms for addressing them were
formulated. With these change mechanisms in place, the
fourth step involved determining the most effective ways
to deliver them.

This study underwent thorough examination and ap-
proval by the San Pedro College Research Ethics Commit-
tee (Protocol No.: 2023-0056). All procedures conformed
to the standards for research involving human participants,
such as those outlined in the Helsinki Declaration [18].
Respondents read the ICF and provided consent prior to
participating in this study.

Results

Of the 584 respondents, the majority were 38-47 years
old (23.1%, n=135), 69.2% (n =404) were female, 51.9%
(n = 303) were married, high school graduates (45.2%,
n=264), 51.2% (n=299) were unemployed, 44.7% (n=261)
had monthly incomes less than PhP 5,000.00, lived in a sin-
gle house/bungalow (65.9%, n =385), and 88.9% (n=519)
of the respondents declared no history of dengue (Table 1).

No. of respondents (n=584) Percentage (%)

Age group 18-27 years 106 18.2

28-37 years 113 19.3

38-47 years 135 23.1

48-57 years 117 20.0

>57 years 113 19.3

Sex Male 180 30.8

Female 404 69.2

Civil status Single 208 35.6
Married 303 51.9

Widow/Divorcee 68 11.6

Others 5 0.9

Highest educational attainment Elementary graduate 52 8.9
High school graduate 264 452

Senior high school graduate 43 7.4

College graduate 180 30.8

Graduate degree acquired 16 2.7

Others 29 5.0

Employment status Employed 285 48.8
Unemployed 299 51.2
Monthly income (range in PhP) <5,000 261 44.7
5,000-9,999 128 21.9

10,000-14,999 85 14.6

15,000-24,999 66 11.3

>25,000 44 7.5

Type of residential building Kubo or Payag 105 18.0
Single house/Bungalow 385 65.9

Apartment 56 9.6

Multi-unit building (e.g., Dormitory) 27 4.6

Condominium 0 0.0
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Continued Table 1

Profile No. of respondents (n=584) Percentage (%)
Commercial building 11 1.9
History of dengue Yes 65 11.1
No 519 88.9

Source: compiled by the authors

On the other hand, as seen in Table 2, it was found that
age (p <0.001) was a significant determinant for risk per-
ception, where those 38 years old and above (19.7-28.7%)
tend to have good risk perception regarding dengue infec-
tion. In addition, for sex (p =0.016), females lean towards
having better risk perception than males. Furthermore, civil
status (p <0.001) affects risk perception, where it was found
that being married (60.0%) contributes to having good risk
perception. Moreover, educational attainment (p < 0.001)
was a significant determinant, where high school (45.0%)

and college (35.7%) graduates exhibit good risk perception
compared to other levels. All other variables revealed in-
significant associations with risk perception. Moreover, in
terms of attitude, only educational attainment (p = 0.038)
was found to be a significant determinant, with a high pro-
portion of respondents who are high school (44.2%) and
college graduates (32.9%) exhibiting a good attitude com-
pared to other levels of educational attainment. Lastly, it
was found that all socio-demographic profiles are not sig-
nificant determinants of practice.

Table 2. Distribution of participants according to risk perception, attitude, and practice (n=584)
Variable

Risk perception Attitude Practice

Poor Good Poor Good Poor Good
n (%) n (%) p-value n (%) n (%) p-value n (%) n (%) p-value
Age group <0.001 0.315 0.096
18-27 71(25.0) 35(11.7) 17 (21.5) 89 (17.6) 72(17.4) 34(19.9)
28-37 58 (20.4) 55(18.3) 18 (22.8) 95(18.8) 78 (18.9) 35(20.5)
38-47 49 (17.3) 86 (28.7) 12 (15.2) 123 (24.4) 88 (21.3) 47 (27.5)
48-57 52(18.3) 65 (21.7) 19 (24.1) 98 (19.4) 84 (20.3) 33(19.3)
>57 54 (19.0) 59 (19.7) 13 (16.5) 100 (19.8) 91 (22.0) 22(12.9)
Sex 0.016 0.223 0.354
Female 183 (64.4) 221 (73.7) 50 (63.3) 354(70.1) 281 (68.0) 123 (71.9)
Male 101 (35.6) 79 (26.3) 29 (36.7) 151(29.9) 132 (32.0) 48(28.1)
Civil status <0.001 0.184 0.135
Single 123 (43.3) 85(28.3) 30(38.0) 178 (35.2) 138 (33.4) 70 (40.9)
Married 123 (43.3) 180 (60.0) 35(44.3) 268 (53.1) 216 (52.3) 87 (50.9)
Widow/Divorcee 37(13.0) 31(10.3) 14 (17.7) 54 (10.7) 55(13.3) 13(7.6)
Others 1(0.4) 4(1.3) 0 (0.0) 5(1.0) 4(1.0) 1 (0.6)
Highest
educationfl attainment <0.001 0.038 0-104
Elementary graduate 28(9.9) 24 (8.0) 5(6.3) 47 (9.3) 42 (10.2) 10(5.8)
High school graduate 129 (45.4) 135 (45.0) 41 (51.9) 223 (44.2) 188 (45.5) 76 (44.4)
Senior high school
gradguate 35(12.3) 9(2.7) 9(11.4) 34 (6.7) 34(8.2) 9 (5.3)
College graduate 73 (25.7) 107 (35.7) 14 (17.7) 166 (32.9) 115 (27.8) 65 (38.0)
Graduate degree acquired 8 (2.8) 8(2.7) 4 (5.1) 12 (2.4) 11 (2.7) 5(2.9)
Others 11 (3.9) 18 (6.0) 6(7.6) 23 (4.6) 23 (3.5) 6 (5.6)
Employment status 0.371 0.404 0.935
Employed 144 (50.7) 141 (47.0) 42 (53.2) 243 (48.1) 202 (48.9) 83 (48.5)
Unemployed 159 (49.3) 140 (53.0) 37 (46.8) 262 (51.9) 211 (51.1) 88(51.5)
Monthly income 0.108 0.275 0.704
Less than 5,000 141 (49.6) 120 (40.0) 40 (50.6) 221 (43.8) 185 (44.8) 76 (44.4)
5,000-9,999 62(21.8) 66 (22.0) 18 (22.8) 110(21.8) 91 (22.0) 37 (21.6)
10,000-14,999 37(13.0) 48 (16.0) 13 (16.5) 72 (14.3) 63 (15.3) 22(12.9)
15,000-24,999 28(9.9) 38(12.7) 6(7.6) 60 (11.9) 42 (10.2) 24 (14.0)
More than 25,000 16 (5.6) 28 (9.3) 2(2.5) 42 (8.3) 32(7.7) 12 (7.0)
Type of residential 0.426 0.482 0.471
building
Kubo or Payag 53(18.7) 52(17.3) 20 (25.3) 85(16.8) 74 (17.9) 31(18.1)
Single house/Bungalow 186 (65.5) 199 (66.3) 48 (60.8) 337 (66.7) 278 (67.3) 107 (62.6)
Apartment 31(10.9) 25(8.3) 7 (8.9) 49 (9.7) 39 (9.4) 17 (9.9)
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Variable Risk perception

Good
n (%)

Poor
n (%)

p-value

Continued Table 2

Attitude Practice

Good
n (%)

Good

p-value n (%)

p-value

Multi-unit building 11 (3.9) 16 (5.3) 3(3.8) 24 (4.8) 16 (3.9) 11 (6.4)
Commercial building 3(1.1) 8(2.7) 1(1.3) 10 (2.0) 6 (1.5) 5(2.9)
History of dengue 0.372 0.642 0.244
Yes 35(12.3) 30 (10.0) 10 (12.7) 55 (10.9) 50 (12.1)  15(8.8)
No 349 (87.7) 270 (90.0) 69 (87.3) 450 (89.1) 363 (87.9) 156 (91.2)

Source: compiled by the authors

Based on the 80% cut-off point, the respondents of Ba-
rangay Buhangin Proper had a good risk perception, with
a total score of 51.49. It was found that there is a strong
emphasis among respondents that dengue can cause death
(x=7.48). Furthermore, seeking immediate medical inter-
vention when fever is persistent (X=6.69), investing money
to live in a dengue-free household (x=6.51), and ensuring
there are no breeding spots around the house are all con-
sidered highly important (x=7.46) (Table 3). Additionally,
it was found that respondents agree that intrapersonal, in-
terpersonal, and community factors play a role in devel-
oping a good risk perception, such as learning from the
experiences of recovered individuals and being involved
in community efforts for dengue prevention, both having a
mean of 6.63. In addition, the respondents display a slight
agreement that there is a need for financial stability when
it comes to the success of the implementation against den-
gue (x=5.14). However, respondents also slightly agree that
prioritising other responsibilities contributes to having less
time for dengue prevention practices (x=4.95).

Table 3. Details of the mean scores
for risk perception questions

Question No. Mean (x) Interpretation
1 7.48 Agree
2 6.69 Agree
3 6.63 Agree
4 6.51 Agree
5 7.46 Agree
6 6.63 Agree
7 5.14** Slightly Agree
8 4.95%* Slightly Agree
Total score 51.49* Good

Notes: * - total score interpretation as “Good” or “Poor” is
based on an 80% cut-off point [15] (Total mark = 64, 80%
cut-off point = 51.2); ** - negatively-worded questions use
reverse scoring [19]

Source: compiled by the authors

In Table 4, it can be observed that the respondents
of Barangay Buhangin Proper had a good attitude with
a total score of 43.62, based on an 80% cut-off point.
Generally, the residents’ attitudes indicate that the risk
of contracting dengue is lessened when at least one per-
son is knowledgeable about the disease in the household

(X = 6.93). Furthermore, it was found that it is neces-
sary to convey information about dengue fever to fam-
ily members, ensure that old and unused containers are
kept closed, and that drainage or water flow systems are
properly maintained, with means of 7.44, 7.44, and 7.31,
respectively. Moreover, the respondents agree that inter-
est in performing dengue control or prevention interven-
tions depends on the cooperation of other households
(x = 6.98). Additionally, the respondents place a strong
emphasis on the necessity of disposing of rubbish in des-
ignated locations, with a mean of 7.52.

Table 4. Details of the mean scores for attitude questions

Question No. Mean (X) Interpretation
9 6.93 Agree
10 7.44 Agree
11 6.98 Agree
12 7.44 Agree
13 7.31 Agree

14 7.52 Strongly Agree
Total score 43.62* Good

Notes: * - total score interpretation as “Good” or “Poor” is
based on an 80% cut-off point [15] (Total mark = 48; 80%
cut-off point = 38.40)

Source: compiled by the authors

Based on an 80% cut-off point, as seen in Table 5, the
respondents exhibit poor practice with a total score of
47.22. It was discovered that the respondents moderately
agreed with the use of mosquito repellent in the form of
lotion, spray, or coil to prevent dengue infection (x=6.35).
Furthermore, the respondents agreed that it is essential
to keep water containers in their houses tightly closed
(x=7.33) and to ensure that proper drainage systems are
maintained (X = 6.92). The respondents also expressed
slight agreement regarding the importance of checking
potential mosquito breeding sites around their neighbour-
hood (x=5.54); therefore, according to the respondents,
it is essential to report illegal dumping sites, which could
serve as possible mosquito breeding grounds, to the ap-
propriate authorities (X=5.30).

On the other hand, the respondents moderately disa-
greed with the practice of killing mosquito larvae by add-
ing larvicide to the water storage (x = 3.45). In addition,
the respondents slightly disagreed with the practice of
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reporting abandoned and damaged vehicles that are idling
in the neighbourhood (x = 4.49), the presence of illegal
gardens (X =3.87), and illegal building structures to the
appropriate authorities (X=3.97).

Table 5. Details of the mean scores for practice questions

Question No. Mean (x) Interpretation
15 6.35 Moderately Agree
16 7.33 Agree
17 3.45 Moderately Disagree
18 6.92 Agree
19 5.30 Slightly Agree
20 4.49 Slightly Disagree
21 5.54 Slightly Agree
22 3.87 Slightly Disagree
23 3.97 Slightly Disagree

Total score 47.22% Poor

Notes: * - total score interpretation as “Good” or “Poor” is
based on an 80% cut-off point [15] (Total mark = 72; 80%
cut-off point = 57.60)

Source: compiled by the authors

Table 6 presents the determination of strong predic-
tors of good RPAP based on the multivariate regression
analysis of the association between socio-demograph-
ic profiles and risk perception, attitude, and practice. It
was found that sex (p = 0.041), educational attainment
(p=0.041), and employment status (p = 0.034) were fac-
tors associated with good risk perception. The findings
revealed that females (OR =1.493, 95% CI=1.016-2.190)
were statistically associated with higher odds of having
good risk perception than males. In addition, college
graduates (95% CI =0.273-1.561) are 0.653 times more
likely to exhibit a good risk perception of dengue fever
than respondents with other educational attainments.
Furthermore, unemployed individuals were statistically
associated with lower odds of having a good risk percep-
tion of dengue fever than those employed (OR = 0.654,
95% CI =0.441-0.970). With those factors in play, there
is a need to reject the null hypothesis (H , = p < 0.05);
therefore, a significant relationship exists between being
female, being a college graduate, being employed about
having good risk perception.

Table 6. Multivariate logistic regression analysis between socio-demographic profile
and risk perception, attitude, and practice, respectively

Characteristic Risk perception* Attitude* Practice*
OR (95% CI)* p-value OR (95% CI)* p-value OR (95% CI)*
Age group 0.231 0.410 0.523
18-27 years 0.748 (0.357-1.567) 0.678 (0.216-2.126) 1.770 (0.791-3.963)
28-37 years 0.800 (0.428-1.495) 0.546 (0.212-1.404) 1.591 (0.787-3.217)
38-47 years 1.427 (0.802-2.536) 0.987 (0.385-2.532) 1.737 (0.915-3.299)
48-57 years 1.025 (0.584-1.800) 0.549 (0.235-1.285) 1.468 (0.767-2.811)
>57 years 0** 0** 0**
Sex 0.041 0.297 0.583
Male 0** 0** 0**
Female 1.493 (1.016-2.194) 1.331 (0.781-2.269) 1.123 (0.741-1.701)
Civil status 0.056 0.038 0.431
Single 0.180 (0.018-1.822) 0.662 (0.255-1.714) 2.651 (0.257-26.268)
Married 0.254 (0.026-2.520) 0.699 (0.318-1.714) 2.094 (0.216-20.264)
Widow/Divorcee 0.141 (0.013-1.476) 0.250 (0.250-2.504) 1.451 (0.139-15.167)
Others 0** 0** 0**
Highest educational attainment 0.041 0.078 0.059
Elementary graduate 0.542 (0.205-1.430) 2.745 (0.724-10.401) 1.093 (0.340-3.517)
High school graduate 0.546 (0.241-1.241) 1.231 (0.454-3.342) 1.619 (0.615-4.256)
Senior high school 0.171 (0.051-0.567) 0.701 (0.175-2.799) 0.746 (0.206-2.696)
graduate
College graduate 0.653 (0.273-1.561) 1.948 (0.625-6.070) 2.405 (0.874-6.614)
Graduate degree acquired 0.362 (0.093-1.410) 0.371 (0.072-1.924) 2.060 (0.469-9.055)
Others 0** 0** 0**
Employment status 0.034 0.111 0.566
Employed 0.654 (0.441-0.970) 0.638 (0.367-1.110) 0.884 (0.581-1.346)
Unemployed 0** 0** 0**
Monthly income (range in PhP) 0.155 0.234 0.579
<5,000 0.449 (0.208-0.968) 0.221 (0.046-1.070) 1.386 (0.617-3.110)
5,000-9,999 0.588 (0.271-1.273) 0.274 (0.056-1.334) 1.193 (0.529-2.693)

10,000-14,999

0.798 (0.358-1.780)

0.261 (0.053-1.283)

0.971 (0.412-2.289)

15,000-24,999

0.743 (0.320-1.725)

0.421 (0.076-2.334)

1.653 (0.695-3.931)

32
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Continued Table 6

Characteristic Risk perception* Attitude* Practice*
OR (95% CI)* p-value OR (95% CI)* p-value OR (95% CI)* p-value
>25,000 0** 0** 0**
Type of residential building 0.596 0.577 0.402
Kubo or Payag 0.358 (0.081-1.580) 0.377 (0.040-3.553) 0.517 (0.134-1.997)
Single house/Bungalow 0.366 (0.088-1.520) 0.559 (0.063-4.939) 0.414 (0.116-1.481)
Apartment 0.374 (0.082-1.698) 0.763 (0.076-7.630) 0.492 (0.124-1.951)
Multi-unit building 0.528 (0.103-2.712) 0.063 (0.063-9.139) 0.772 (0.175-3.399)
Condominium 0** 0** 0**
Commercial building 0** 0** 0**
History of dengue 0.457 0.709 0.194
Yes 0.809 (0.462-1.415) 0.863 (0.400-1.860) 0.666 (0.355-1.249)
NO 0*)(' 0** 0**

Notes: a - OR, Odds ratio (at 95% confidence interval); * - the reference category is: Poor; ** - this parameter is set to

zero because it is redundant
Source: compiled by the authors

Moreover, it was noted that individuals who are 38-
47 years old (95% CI =0.802-2.536) are 1.427 times more
likely to have a good risk perception of dengue fever com-
pared to other age groups. In addition, married individuals
(OR=0.254, 95% CI=0.026-2.520) were statistically associ-
ated with higher odds of having good risk perception than
those with other civil statuses. Furthermore, individuals
who have monthly incomes of less than PhP 5,000, live in
kubo or payag and have no history of dengue were associat-
ed with lower odds of having good risk perception. It can be
noted that individuals earning PhP 10,000-14,999 month-
ly (OR=0.798, 95% CI =0.358-1.780), living in multi-unit
buildings like dormitories (OR =0.508, 95% CI = 0.103-
2.712), and having a history of dengue (OR =0.809, 95%
CI =0.462-1.415) were more likely to have good risk per-
ception of dengue fever.

However, it is worth noting that the null hypothe-
sis (H,,) should not be rejected because the discussed
sociodemographic profiles indicate p > 0.05; therefore,
age (p =0.231), civil status (p = 0.056), monthly income
(p=0.155), type of residential building (p=0.596), and his-
tory of dengue (p =0.457) were factors that do not have a
significant relationship with good risk perception.

Furthermore, married (OR = 0.699, 95% CI =0.318-
1.714) individuals are statistically associated with high-
er odds of having a good attitude, and only civil status
(p=0.038) allows the null hypothesis (H , = p <0.05) to be
rejected, which indicates that there is a significant relation-
ship between being married and having a good attitude to-
wards dengue prevention.

On the other hand, those who are 38-47 years old
(95% CI=0.385-2.532) are 0.987 times more likely to
exhibit a good attitude than the other age groups. Aside
from that, females (OR=1.331,95% CI=0.781-2.269), el-
ementary graduates (OR=2.745, 95% CI=0.724-10.401),
employed individuals (OR = 0.638, 95% CI = 0.367-
1.110), those earning PhP 15,000-24,999 (OR = 0.421,
95% CI =0.076-2.334), individuals living in apartments
(OR =0.763, 95% CI = 0.076-7.630), and those with a

history of dengue (OR = 0.863, 95% CI = 0.400-1.860)
were associated with higher odds of having a good atti-
tude towards dengue prevention.

However, the rest of the socio-demographic profiles
fail to reject the null hypothesis (H,=p > 0.05); therefore,
age (p = 0.410), sex (p = 0.297), educational attainment
(p=0.078), employment status (p=0.111), monthly income
(p=0.234), type of residential building (p=0.577), and hav-
ing a history of dengue (p =0.709) were factors that did not
have a significant relationship with having a good attitude
towards dengue prevention.

Lastly, it was found that individuals who are 38-47
years old (OR = 1.737, 95% CI = 0.915-3.299), females
(OR =1.123, 95% CI = 0.741-1.702), single individuals
(OR =2.651, 95% CI = 0.257-26.268), college graduates
(OR =2.405, 95% CI = 0.874-6.614), employed individu-
als (OR=0.884, 95% CI=0.581-1.346), those earning PhP
15,000-24,999 monthly (OR=1.653, 95% CI=0.695-3.931),
individuals living in multi-unit buildings like dormitories
(OR=0.772,95% CI=0.175-3.399), and those with a histo-
ry of dengue (OR=0.666, 95% CI=0.355-1.249) were asso-
ciated with higher odds of having good practices for den-
gue prevention. However, the null hypothesis (H,) cannot
be rejected (H,, = p > 0.05); therefore, age (p = 0.523), sex
(p=0.583), civil status (p=0.431), educational attainment
(p=0.059), employment status (p=0.566), monthly income
(p=0.579), type of residential building (p=0.402), and his-
tory of dengue (p =0.194) were factors that did not have a
significant relationship with having good practices for den-
gue prevention.

The findings show that risk perception and attitude
(r=0.266, p<0.001), risk perception and practice (r=0.092,
p <0.027), and attitude and practice (r =0.144, p <0.001)
show a positive linear relationship despite the weak corre-
lation, and all indicate the rejection of the null hypothesis
(H,,: x1 #x2 #x3). Therefore, there exists enough evidence
that there is a significant relationship between the risk per-
ception, attitude, and practice of Barangay Buhangin Prop-
er residents regarding dengue infection (Table 7).

International Journal of Medicine and Medical Research, 2024, Vol. 10, No. 2 33



Assessing perceived dengue risk...

Table 7. Pairwise correlation matrix for RPAP

RPAP-area R r p-value Relationship Size of correlation
Risk perception vs. Attitude 0.266** <0.001 Positive Weak
Risk perception vs. Practice 0.092* 0.027 Positive Weak
Attitude vs. Practice 0.144** <0.001 Positive Weak

Notes: r — pearson correlation coefficient, interpretation: -1.0 (perfect negative), -0.8>r>-1.0 (strong negative), -0.4>r>-0.8
(moderate negative), 0>r>-0.4 (weak negative), 0 (no linear relationship), 0<r<0.4 (weak positive), 0.4<r<0.8 (moderate
positive), 0.8<r<1.0 (strong positive), 1.0 (perfect positive); ** — correlation is significant at the 0.01 level (2-tailed); * -

correlation is significant at the 0.05 level (2-tailed)
Source: compiled by the authors

With this information considered, it is now impor-
tant to develop more personalised interventions and to
adapt practical approaches that could prove beneficial in
addressing deep-rooted problems. To effect a behaviour
change, health interventions may find it challenging to
discourage ingrained negative habits through convention-
al knowledge sharing alone; however, the existence of the
problem will only be resolved when all members of the
community act in solidarity — with one goal: to eliminate
dengue once and for all.

Utilising the Pragmatic 6SQuID Framework, commu-
nity health interventions were developed by first defining
and understanding the problem. It is known that Barangay
Buhangin Proper has still recorded a significant increase
in dengue cases despite the implementation of numerous
interventions, as supported by the residents’ poor level of

practice. Generally, it affects all individuals in Barangay Bu-
hangin Proper, and the problem exists at every socio-demo-
graphic level. The causes of the problem were identified, as
shown in Figure 1, with complacency, self-serving behav-
iour, and interventions that are not targeted and personal-
ised being the most significant. So far, the reproduction and
dissemination of dengue information materials, regular
clean-up drives, and the “5S Laban sa Dengue” programme
have been effective in addressing the problem. However,
the immediate consequence of poor practices leads to indi-
viduals acquiring dengue, and the long-term continuation
of poor practices without appropriate intervention will in-
culcate a sense of normalcy regarding that habit within the
members of the community, leading to rising dengue cases,
affecting the general population’s health and diminishing
the health security of the residents.

Socio-cultural

Adaptation of bad habits from
the members of the community

— | Unwillingness |<\_, lUncooperativeness

i

+——— | Self-serving behaviour

Interventions are not targeted
Institutional and personalised
Community Discouragement
Wanting to avoid negative
Interpersonal relationships with other members of
the community
Individual Complacency | ———»

.

Ningas cogon habit

Figure 1. Causal pathways worsening the state of dengue in the community

Source: developed by the authors of this study

Accordingly, complacency is a factor that is malleable
and has the greatest scope for change by reinforcing risk

perception and attitude towards dengue and building on
practising long-term commitment to the interventions.
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The change mechanism that could aid this is to develop
interventions that would promote action against dengue
even with or without the risk, and this is sufficient to reduce
the problem if the factor is truly eliminated. Additionally,
self-serving behaviour is another factor that could be medi-
ated by promoting a sense of community and strengthening
the shared responsibilities of each member of the commu-
nity through the development of prevention programmes
that promote collaboration. Lastly, the lack of targeted and
personalised interventions is a factor with great potential
for change and it can be sufficient in reducing the problem
by utilising existing policies and interventions but requires
a reconceptualization of the goals and objectives that target
the significant determinants of poor RPAP.

With the significant determinants and malleable fac-
tors identified, it is important to deliver the change mech-
anisms by implementing the following developed commu-
nity health interventions: (1) involving youth organisations
in effective actions by spearheading long-term campaigns
for the young population that commit to practising good
prevention practices and reinforcing perceived risk and
attitude towards dengue in the community; (2) engaging
unemployed residents to fill pivotal roles in the dengue
task forces in each purok so that risk perception, attitude,
and practice regarding dengue infection are simultaneous-
ly addressed. At the same time, the population will have
opportunities to earn money; (3) reinforcing knowledge
on the risk and assessing the need for behavioural change
for the male population by facilitating seminars regard-
ing dengue, disseminating appropriate information, and
exercising good dengue prevention practices; (4) contin-
uing to facilitate weekly clean-up drives and inspections
in residences to ensure appropriate practices are followed
by all households to prevent potential breeding sites with-
in their houses and surroundings; (5) taking advantage of
social media by boosting the use of the Barangay Informa-
tion Page as an avenue for the authorities to learn about
the problems in the community and for the residents to
share appropriate information on dengue, promoting com-
munity engagement by encouraging shared responsibilities
and ensuring healthy discussions take place to address the
problems related to dengue; (6) establishing dengue-specit-
ic support programme booths in the local barangay hall to
alleviate the stigma associated with locals being reluctant to
deal with and treat dengue, such as booths that re-evaluate
the need for financial and blood banking assistance during
admissions; and (7) utilising monitoring and assessment
strategies by including routine operational evaluations to
ascertain the state of the project and the actual inputs that
the programme has received, along with epidemiological
evaluations to determine the effectiveness or failure of the
health interventions implemented in the community.

In summary, this study offers important insights into
the factors associated with perceived dengue risk, attitude
towards it, and practices among the residents in Barangay
Buhangin Proper. The results are consistent with past re-
search and provide novel insights into the association

between risk perception, attitude, and practices. The find-
ings may provide direction for community health inter-
ventions that enhance understanding and propel indi-
viduals to actively participate in dengue prevention - the
ultimate objective.

Discussion

Generally, the residents of Barangay Buhangin Proper ex-
hibit good risk perception and attitude towards dengue
infection, based on the 80% cutoff point; however, it was
noted that they have poor practices for dengue prevention.
The study’s results on RPAP were comparable to a previ-
ous study by M.ILA. Zamzuri et al. [19], which found that
the perceived risk of dengue infection exerts a positive ef-
fect on health behaviour change, although a lack of preven-
tive practices is a problem identified in the study. However,
it was found that RPAPs are significantly correlated with
each other because risk perception was known to be a me-
diating variable between attitude and dengue prevention
practice, and vice versa.

In the study, it can be observed that age can be a deter-
minant of having good risk perception, as older individuals
display better risk perception of dengue than those who
are younger. This is supported by E.M. Bonem et al. [20],
wherein older adults are less likely to engage in risky health
behaviours than younger adults.

Moreover, the results of this study show that females
are generally more cautious regarding dengue than males,
and this has been recognised as a socio-demographic pro-
file that has a significant association with good risk percep-
tion. This is reinforced by the study of A.N. Rakhmani et
al. [21], which found that female respondents demonstrate
better risk perception due to women’s social role of caring
for their households and families.

Furthermore, it was found that married individuals
tend to have a heightened perceived risk and a better at-
titude towards dengue because, as elaborated by S. Selva-
rajoo et al. [22] and further supported by M. Hamed [23],
married couples have a greater sense of obligation to protect
their family members than those who are single, who are
more dependent on their families. This results in a better
attitude towards preventing dengue infection since families
possess more resources for the comfort of their households
and surroundings and the safety of their children.

In addition, the study reveals that college graduates no-
tably have enhanced risk perception and a better attitude
towards dengue. However, being a college graduate is only
statistically associated with having good risk perception.
Even though the majority of college graduates responded
positively and were identified as having a good attitude, this
is statistically not directly associated. This is supported by
EA. Diaz-Quijano et al. [24], who found that the higher an
individual’s education level, the more likely they are to rec-
ognise the risk of dengue and seek medical help in a time-
ly manner. However, regardless of the level of education,
people understand dengue as a disease and their attitude
towards it is equally valid.
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Aside from this, it can be noted that employed indi-
viduals have a stronger perceived risk than those who are
unemployed. As determined by M. Nur Ain et al. [25],
employed individuals possess better knowledge of dengue
fever because of their exposure to workplace health cam-
paigns, which increases their perception of dengue as a
risk. Moreover, this socio-demographic profile has a direct
association with good risk perception; therefore, being un-
employed increases, the likelihood of an individual having
poor risk perception. S. Selvarajoo et al. [22] state that the
unemployed have a lesser outlook on risk, which results in
higher-risk behaviours.

Additionally, the study reveals that there is a lack of
evidence indicating that the socio-demographic profiles
of the respondents are significantly associated with good
practices. Therefore, the problem of practice exists among
all respondents, regardless of their socio-demographic
profile. Despite having good perceived risk and attitude
towards dengue, it is noteworthy that although they are
known to be correlated with each other, adequate knowl-
edge of the risks and good behaviour towards dengue does
not necessarily reflect good dengue prevention practices
when complacency is at play, especially when the perceived
risk diminishes [22].

M.IL. Hossain et al. [26] have discovered that poor exe-
cution of preventive practices, despite having basic knowl-
edge of dengue, leads to misunderstandings that increase
in dengue cases. The majority of the causes of poor prac-
tices stem from bad habits and complacency in adhering to
anti-dengue campaigns and measures [14, 27]. It was also
highlighted that the residents’ behaviour towards dengue is
hindered by a lack of community cooperation and support,
which remains an obstacle; only a few residents implement
the necessary practices, and the majority tend to act only
when cases are reported in their respective areas [28].

In the case of the residents of Barangay Buhangin Prop-
er, it can be observed that significant dengue prevention
practices are still performed within households. This could
explain their acknowledgement of the importance of seek-
ing immediate medical intervention when symptoms arise
and ensuring that breeding sites for mosquitoes around
their homes are eliminated, to name just a few. Moreover,
the local government unit implements numerous inter-
ventions to combat the problem, such as regular clean-up
drives. However, when the perceived risk diminishes, res-
idents tend to become complacent and discontinue good
prevention practices, leading to a rise in dengue cases. Fur-
thermore, interpersonal and community factors may also
be major contributors to the problem. It can be observed
that residents address dengue issues independently and are
reluctant to intervene in the affairs of their neighbours to
avoid conflicts. This attitude may explain their reluctance
to report the negative behaviours of other community
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members, which are known to pose significant risk factors
contributing to the escalating dengue cases in the commu-
nity. The shared responsibility among community members
is lost, rendering it ineffective for a household to maintain
good prevention practices when those around them do not
reciprocate this behaviour.

Conclusions

The goal was to assess the level of RPAP among residents in
Barangay Buhangin Proper, Davao City, and to determine
the relationship between RPAP and socio-demographic
profiles. Overall, the study has provided a comprehensive
analysis of the RPAP of residents in Barangay Buhangin
Proper, Davao City, and has identified significant deter-
minants of good or poor RPAP. It was found that the res-
idents display good risk perception and attitude but have
poor practices. Significant determinants such as age, sex,
civil status, and educational attainment were revealed for
risk perception, and educational attainment was noted for
attitude; however, there were no significant determinants
for practice. Furthermore, females, college graduates, and
those who are employed have higher odds of exhibiting
good risk perception, while married individuals are more
likely to display a good attitude towards dengue. The results
also indicate that there is a lack of evidence to suggest that
the socio-demographic profile has a significant association
with good practice, which means that the problem exists
regardless of the profile.

The study also emphasises the need to develop pre-
vention programmes that promote collaboration among
community members, create interventions that encourage
action against dengue, regardless of the perceived risk, and
reinforce existing policies that target significant determi-
nants contributing to poor RPAP. The problems, their caus-
es, mechanisms for change, and methods of delivery have
been identified. Therefore, the next step is to implement
the developed community health interventions in the tar-
get community and evaluate their effectiveness. To effect
change, the existence of the problem must be addressed by
ensuring that community members act in solidarity - with
a unified goal - to eliminate dengue once and for all.
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AHoOTALif. JIuxoMaHKa JieHre IPOOBXKYE OyTu Mpo6IeMO0 IPOMajiCbKOro 30poB's Ha Pininminax Ta y csiri. Lle
TOCTi/KeHH MajIo Ha MeTi OLIHUTY COPUITHATTSA PUKKY, CTaB/IeHHS Ta IPAaKTUKY XuTenis Barangay Buhangin Proper
Ta BCTAHOBUTM, YU MAKOTh COLiaIbHO-geMorpadiuni mpodini 3HaYHNUII BIUIMB Ha CIPUITHATTA PUSUKY, CTaBICHHA
Ta IPAaKTUKY 3aII00iraHHA, OO pO3poOUTH CTpaTeriyHi 3axomm y cdepi 0XOopoHU 3[40poB'a rpoMaju. 3arajgom 584
JKNUTENA BifTIOBiIM Ha OYHE ONMTYBAHHA 3 BUKOPMCTAHHAM aJalTOBAHOTO ONMUTYBa/lbHMKA CHPUMHATTA PUSUKY,
CTaBJICHHA Ta IPAKTUKM. 3TifHO 3 OajaMy CHOPUIHATTS PUSUKY, CTABJIeHHA Ta IIPAKTUKMU, XXUTeIi MaloTb fobpe
CIpuHATTA pusuKy (51,49, mopir = 51,20) Ta craBneHHs (43,62, nopir = 38,40), ajle MalOTh IIOTaHy NPaKTUKY (47,22,
nopir = 57,60). JlocmipkeHHA Tako>X BUABMIIO, 110 xinku (BIII=1,493, 95 % [11=1,016-2,194, p=0,041), BUIYCKHNKA
xonemxy (BII = 0,653, 95 % [II=0,273-1,561, p =0,041) Ta mpanesnamroBani ocobu (BII = 0,654, 95 % [I=0,441-
0,970, p = 0,034) cTaTMCTUYHO IIOB'A3aHi 3 JOOPMM CHPUIHATTAM PUBKKY, a ofpykeHi ocobu (BII = 0,699, 95 %
JI=0,318-1,714, p=0,038) - 3 oOpUM CTaB/IEHHAM, aJle )XKOJieH 3 (paKTOpiB He OyB IIOB'A3aHMI 3 TOOPOIO IPAKTUKOIO.
Tomy npo6ema 3 IpaKTUKOIO iCHYe He3asexHO Bix npodino. Kpim Toro, cipnitHATTA pusuKy Ta craBieHss: (r=0,266,
p <0,001), cupuitHATTA pU3MKy Ta mpakTuka (r = 0,092, p=0,027), Ta cTaBneHHA Ta npakTuka (r= 0,144, p <0,001)
IIOKA3YIOTDb C/IA0KMIT IIO3UTYBHUI TiHiIHNIT 3B'A30K. HesBaxkaroum Ha yCBiJOM/IEHHS PUSUKY Ta IIOCUJIEHE CTaBIeHHS,
rpoMajia CTUKA€EThCA 3 BUK/IMKAMU Y MiATPUMaHHI JOOPUX NPAKTUK Yepe3 CaMO3aCIIOKOEHH, KOPYC/INBY MOBEfiHKY
Ta HeaJleKBaTHi BTpy4yaHHs:A. JJOC/TiI>KeHHA IPOIIOHYE BIPOBA/PKEHH pO3p00/IeHNX 3aXO/IiB /I BUPilIeHHA KOPIHHMX
IpMYYH Ta ePeKTVBHOIO YCYHEHHS TMXOMaHKM JIeHTe

KAlo4oBi cAoBa: coujansHo-geMorpadiunmit podine; pospobka 3axomiB y cdepi OXOPOHM 3ZOPOB'S IPOMajM;
MopudikoBaHi ¢GaxkTopy, IO IOTipIIYIOTh CTaH JieHre; MeXaHi3MU 3MiH JJIA 3alo0iraHHA JeHre; BIPOBa/ KeHHA
MeXaHi3MiB 3MiH
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Abstract. COVID-19 is associated with pre-existing co-morbid conditions and vitamin D insufficiency or deficiency
as risk factors. Inflammatory biomarkers like acute phase reactants are widely used for monitoring treatment and
outcome of the disease. A prospective and observational study was conducted with a purpose to analyse any clinical
association of COVID-19 severity with levels of vitamin D, ferritin, lactate dehydrogenase, C-reactive protein, and
D-dimer in 100 patients of COVID-19 at a zonal hospital in Tezpur, Assam, India in 2021. All relevant data including
age, gender, or co-morbid conditions were retrieved from medical case sheets and laboratory test results. Serum samples
of vitamin D and acute phase reactants were collected in COVID wards within 24 hours of admission. Prevalence of 71%
of vitamin D deficiency was observed in the current study with mean +2 SD of vitamin D of 16.6 £6.9 ng/mL in Group 1
and 17.1+7.4 ng/mL in Group 2. No significant correlation of COVID-19 with deficiency of vitamin D was observed
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Clinical correlation of acute phase reactants...

(p=0.8107). Serum C-reactive protein levels varied substantially between Group 1 (24.46 + 34.4 mg/L) and Group 2
(38.5 +32.5 mg/L) and were significantly associated with disease severity (p =0.0397). Levels of ferritin, LDH, and
D-dimer were also significantly elevated in Group 2 as compared to Group 1 (p <0.05). It is therefore concluded that low
vitamin D levels do not predict severity and outcomes in COVID-19. C-reactive protein, ferritin, lactate dehydrogenase
and D-dimer levels are significantly associated and raised in patients with moderate to severe COVID-19

Keywords: COVID-19; observational; C-reactive protein; inflammation; association

Introduction

Coronavirus disease, also known as 2019-nCoV was dis-
covered from Group of people working in seafood market
in China who had some unknown pneumonia [1]. The dis-
ease swiftly evolved from an epidemic to a pandemic after
it spread quickly from China to other parts of the world. As
of April 21, 2024, 775,364,261 COVID-19 cases had been
confirmed globally, and over 7,046,320 cases of death had
been recorded [2].

Many researchers claimed that vitamin D levels can de-
termine severity of COVID-19 infection and its outcomes.
S. Singh et al. [3] in their cross-sectional study found that
COVID-19 is associated with deficiency of vitamin D and
older age, presence of diabetes and hypertension as risk fac-
tors. D.O. Meltzer et al. [4] in their cohort study discovered
that deficiency of this vitamin makes people more prone
to COVID-19. M. Sobczak & R. Pawliczak [5] in their
meta-analysis on the subject found positive effect of vita-
min D supplements in decreasing admissions in intensive
care units and deaths related to COVID-19 which indirect-
ly supported the aforementioned fact. Some researchers
claimed that deficiency of this vitamin is not linked with
proneness or negative outcomes of the infection. P. Sana-
mandra et al. [6] in their prospective observational study
involving 200 COVID-19 patients concluded that vita-
min D deficiency is not linked with severity of infection
in Indian population. Similarly, meta- analysis by G. But-
ler-Laporte et al. [7] on 443,734 participants from 11 coun-
tries found no correlation between COVID-19 susceptibil-
ity, severity, or hospitalisation and vitamin D level. Older
age and presence of co-morbid conditions are thought to
increase the risk of infection. S. Yastremska et al. [8] studied
the influence of chronic diseases on COVID-19 manifesta-
tion by taking sample of patients from 14 states of United
States of America. They found that case fatality rate below
60 years is much lesser (1.5%) than those above 60 years
(4.5%) and concluded that chronic diseases are the main
risk of life-threatening complications and poor prognosis
for patients. It is hence cleared during literature search that
difference of opinions among authors exist with regards to
vitamin D levels, however all seems to agree with associat-
ed severity with older age and presence of co-morbidities.

Variation in the levels of acute phase proteins is bound
to happen during the infection and associated inflamma-
tory response. It is known that levels of lactate dehydro-
genase (LDH), ferritin, and D-dimers are increased with
severity of infection being positive acute phase reactants [9,
10] However, there is a conflicting consensus on C-reactive
protein (CRP) level with severity of COVID-19 infections.

Meta-analysis conducted by E Zeng et al. [11] on 3,962
COVID-19 patients found that milder form of infection
has less elevation in serum CRP. However, a retrospective
study conducted by H.C. Luo et al. [12] involving 85 pa-
tients found no relation of CRP levels with disease severity.
Based on above facts, it is observed that there is still a lack
of consensus on relation of deficiency of vitamin D and
C-reactive protein with the severity of COVID-19 infec-
tion. Therefore, it was necessary to conduct a study with the
aim of analysing relations of vitamin D levels, acute phase
reactants, age group, and comorbidities against the severi-
ty of COVID-19 patients. Additionally, the role of COVID
vaccination in relation to severity was also investigated.

Materials and Methods

Prospective, cross-sectional, and observational study was
undertaken at a zonal hospital in Tezpur, Assam, India,
from May to August 2021. Patients who were admitted in
the COVID wards during the above period were targeted
for the study. Total of 100 patients (22 female, 78 male) were
included and divided into 2 groups: Group 1 with mild dis-
ease (n=50) and Group 2 with moderate to severe disease
(n=50)based on the case definition as described below. Mod-
erate and severe cases were put together in Group 2 as there
were very few severe COVID-19 patients during the study
period. Details of age, gender, and any presence of co-mor-
bid conditions were collected from medical case sheets.

All confirmed cases of COVID-19 diagnosed by RT-
PCR test performed on Real-Time PCR Thermal Cyclers
by Analytik Jena using Meril COVID-19 RT-PCR kits in
a period from 01 May to 31 August 2021. Case definitions
for COVID-19 severity were categorised as follows: Mild
COVID-19 was characterised by upper respiratory tract
symptoms and/or fever without the presence of shortness
of breath or hypoxia. Moderate COVID-19 presented with
breathlessness, a respiratory rate of 24 or more respirations
per minute, and aSpO, level ranging from 90 to 93% on
room air, accompanied by radiological signs of pneumo-
nia. Severe COVID-19 involved significant breathlessness,
arespiratory rate exceeding 30 respirations per minute, and
a SpO, level below 90% on room air, along with radiological
evidence of pneumonia. Chronic debilitating diseases such
as chronic obstructive pulmonary diseases, chronic kidney
diseases, cancers.

All patients who were newly diagnosed and admitted
in the COVID wards were sampled within 24 hours of their
admission for all the routine blood tests including CRP
and D-dimers as per established protocol by laboratory
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technician wearing adequate PPE. Patients were well in-
formed and taken consent for doing additional tests such
as vitamin D, LDH, and ferritin for the current study. No
special preparation of patients was needed for sample col-
lection. CRP and LDH tests were estimated using a fully au-
tomated biochemistry analyser, Dimension EXL-200 man-
ufactured by M/s Siemens healthcare diagnostics (USA).

Ferritin, D-dimer, and vitamin D levels were measured us-
ing a fully automated immunoassay (Vidas) developed by
M/s BioMerieux (France).

Serum samples were refrigerated at 4-5 degrees if these
tests were not conducted within 2-3 hours. Reference val-
ues differed from one laboratory to another. Values used in
the present study are given in Table 1.

Table 1. References values

Serum vitamin D Serum CRP Serum D-dimer Serum Ferritin LDH
Deficient
<20 ng/mL Males
Insufficient Normal Normal 70-435 ng/mL Normal
<30 ng/mL <5mg/L <500 ng/mL Females 100-190 IU/L
Sufficient 10-160 ng/mL

30-100 ng/mL

Source: compiled by the authors

An excel worksheet was prepared and data analysed
through SPSS software suite. Unpaired t-test and z-test
were performed for statistical results. p-value of <0.05 was
regarded significant. Data were presented in mean +SD
and in percentages. The prevalence of vitamin D deficiency
among patients was assessed using a conventional equation
as below:

P=X-+N-100, (1)

where P - prevalence of vitamin D deficiency; X - number
of patients with vitamin D less than 20 ng/mL; N - total of
patients studied.

The study was in compliance with the principles of
Declaration of Helsinki [13]. There was no risk or burdens
to the patients but would only benefit in understanding the
relation of studied parameters in blood in COVID-19 pa-
tients. All patients were well informed and given written
consent. The study was approved by Hospital Ethics Com-
mittee vide application number 155BH/ 01/IEC/2021.

Table 2. Demographic details of patients as per their groups

Results

100 confirmed COVID-19 cases were evaluated for their
severity and several blood tests were conducted. They were
divided into Group 1 with milder severity and Group 2
with moderate to severe COVID-19. 22 (22%) out of the
100 patients were females, whereas 78 (78%) were males.
Age ranged from 19 to 71 years however, 82% of patients
were under 50 years. 18% of patients were over 50 years
with majority (14 cases) belonged to Group 2. Most pa-
tients (82%) were under the age of 50. Only one person had
all the three co-morbid conditions i.e., obesity, diabetes,
and hypertension. Obesity affected 11%, diabetes — 7%, and
hypertension — 10% of the study population. During the
study, three people succumbed due to complications relat-
ed to severe COVID-19. Later, it was found that they had
one of the co-morbid conditions and were found unvacci-
nated. 35% of patients received 2 doses of COVID vaccines
(Covishield/Covaxin) at the time of admission, 65% had
received one dose, and 5% had no history of vaccination.
Table 2 summarises the demographic details of patients.

No. Parameters Group 1 (n=50) Group 2 (n=50)
Sex
1. Male 43 35
Female 7 15
Age
2. <50 years 46 36
>50 years 4 14
Co-morbid conditions
3 (1) Obesity 1 10
’ (ii) Diabetes 6
(iii) Hypertension 1 9
Vaccination
4 Complete (2 doses) 28 7
’ Incomplete (1 dose) 22 38
Non vaccinated 0 5
5. Fatality 0

Source: compiled by the authors
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Correlation studies were conducted to evaluate any
clinical correlation of acute phase reactants, (APRs), defi-
ciency of vitamin D with severity of COVID-19. Prevalence
of vitamin D deficiency <20 ng/mL was observed in 71%
of all patients (70 and 72% in Group 1 and 2 respective-
ly). Overall, more than 60% of patients had elevated APRs,
except for ferritin which showed elevated levels in only 12-
19% of patients. The demographic characteristics included
in Table 1 were found to differ significantly with respect
to disease severity in terms of age, gender, co-morbid
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conditions, and vaccination status. Younger patients ap-
peared to have a milder form of COVID-19. Co-morbid
conditions are less common in Group 1 than in Group 2
patients. Box plot analysis of the parameters for the two
groups is also given in Figure 1 (A-F) with p-values.

Mean vitamin D level was 16.6 +6.9 ng/mL in Group 1
and 17.1+7.4 ng/mL in Group 2. When data were analysed,
no concrete relationship was found regarding severity of
COVID-19 infection. Figure 2 demonstrates the percent-
age of vitamin D deficiency amongst study groups.
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Figure 1. Box plot of the parameters for the two groups (A-F)
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Figure 2. Vitamin D status in Group 1 and Group 2

Source: compiled by the authors

Table 3. Mean value with standard deviations and range of the studied parameters

Serum CRP levels also shown significant associa-
tion between Group 1 (24.46 + 34.4 mg/L) and Group 2
(38.5+32.5mg/L),and werelinked with COVID-19 severity
(p=0.0397). D-dimers, ferritin, and LDH were substantial-
ly higher and significant in moderate to severe COVID-19.
Group 1 had a mean D-dimer level of 410 + 171 ng/mL
while Group 2had 1,209+ 1,050 ng/mL (p<0.0001). Similar-
ly mean ferritin level in Group 1 was 172+ 111 ng/mL while
in Group 2 it was 448 £ 377 ng/mL (p <0.001). Mean level of
LDH in Group 1 was 219+ 82 IU/L while in Group 2 it was
289+ 136 IU/L (p =0.0024). There was significant finding
that patients without proper vaccination had higher risk of
moderate to severe COVID-19infection (p<0.0001). Table 3
summarises analysis of all the above parameters with extent
of their significant association with severity of COVID-19.

. Mild Moderate/Severe
Parameters (unit)
(n=50, male=43, female=7) (n=50, male=35, female=15)
1. Age ( ) 34.1+8.8 42.6+12.8 0.0002
. Age (years
gety (21-61) (19-71) (t-test)
172+111 448 +377 <0.0001
2. FERRITIN (ng/mL)
(27-521) (17-1,200) (t-test)
24.46+34.4 38.5+32.5 0.0397
3. CRP (mg/L)
(4-184) (5-120) (t-test)
. 410+171 1,209 £ 1,050 <0.0001
4. D-dimer (ng/mL)
(24-823) (270-6,900) (t-test)
. . 16.6+6.9 17.1+7.4 0.8107
5. Vitamin D (ng/mL)
(8.1-34.1) (8-34) (t-test)
219+82 289+136 0.0024
6. LDH (IU/L)
(119-497) (156-661) (t-test)
7. Vaccination score
X 1.56+0.50 1.04+0.49 <0.0001
(non-vaccinated =0,
. (1-2) (0-2) (t-test)
incomplete = 1, complete =2)
_ 0.0039
8. Obesity 2% 20%
(z-test)
, 0.0510
9. Diabetes 2% 12%
(z-test)
10. Hypertension 2% 18% 0.0076
. Hyp 0 ? (z-test)
11. Survival 100% 94% -

Source: compiled by the authors

In the current study, overall prevalence of 71% in vi-
tamin D deficiency amongst study participants with mean
of 16.6+£6.9 and 17.1 £7.4 ng/mL were found in Group 1
and Group 2 respectively. In this study age of patients
ranged from 19 to 71 years with mean of 34.1 +8.8 and
42.6 £12.8 years in the Group 1 and Group 2 separately.
It was also significantly associated. However, there was no
significant relation of COVID-19 severity with deficiency
of vitamin D even though there were definite significant

association with all acute phase reactants studied. Out of
100 patients only 11% were obese, 7% — diabetic, and 10% —
hypertension; hence no significant analysis of co-morbid
conditions could be done. 3 patients who died had either
one of the co-morbid conditions and were unvaccinated.
35% of patients vaccinated, 65% - partially vaccinated and
5% - had no history of immunisation. Definite positive
association was also observed between vaccination and
COVID-19 severity.
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Discussion

WHO named coronavirus disease 2019 (COVID-19)
in February 2020 and declared pandemic on March 11,
2020 [2, 14]. It can spread through droplets, aerosols, and
fomites. It can enter the lungs through the nose or mouth,
causing respiratory problems. It acts by inhibiting ACE2
function thereby increasing Angiotensin-2 production
which causes tissue injury in COVID-19 patients, notably,
in the lungs and heart [14, 15]. Cytokine storms is the pri-
mary mechanism for injury to these organs [16, 17]. Com-
plications like ARDS, sepsis, and multiorgan failure are
major causes of death [18]. Vitamin D exerts its beneficiary
effects through reduction of cytokine storms by increasing
proinflammatory and decreasing inhibitory cytokines [19].
Several literatures have advocated its role in prevention
of infections including COVID-19 by influencing innate
& adaptive immunity [20, 21]. Normal level of vitamin D
ranges from 30-100 ng/mL. Value of less than 20 ng/mL
was considered deficient in this study.

Current study was approached with the initial assump-
tion that deficient vitamin D status is linked with increased
severity and complications associated with COVID-19 in-
fection. Clinical complications were more common in mod-
erate to severe infection; however, in the current study no
association was found between deficient state of vitamin D
and severity or adverse outcome of COVID-19. This cor-
responds to findings of many authors. B. Thangakunam et
al. [22] conducted a similar prospective study on 253 pa-
tients of COVID-19 but found no significant association of
vitamin D deficiency with severity or adverse outcome of
the disease. Similarly, present study and meta-analysis by
G. Butler-Laporte et al. [7] using 2-sample Mendelian ran-
domisation analysis on 443,734 participants from 11 coun-
tries also found no correlation of vitamin D level with in-
creased susceptibility, severity, or hospitalisation due to this
disease. Furthermore, C.E. Hastie et al. [23] on their study on
341,484 patients revealed lack of definite observation to in-
dicate the likely association of deficiency state of vitamin D
in COVID-19 patients [23]. Similarly, D. Alkhafaji et al. [24]
on their study involving 203 COVID-19 patients did not
find any relevant association between vitamin D deficiency
and COVID-19 severity or outcomes. In their study, they
divided patients into three groups unlike two in the current
study depending on normal, insufficiency, and deficiency
(<20 ng/mL) state of vitamin D. They also used similar level
like in the present study to define of vitamin D deficiency.

Finding of the present study that vitamin D level is not
associated with COVID-19 severity is not in agreement
with many popular beliefs that vitamin D deficiency is
linked with severity and outcomes of COVID-19. Many ep-
idemiological studies found an inversely proportional con-
nection between vitamin D deficiency and COVID-19 se-
verity and outcomes. Lower level of vitamin D is believed to
be associated with greater risk of developing complications
like ARDS, heart failure, and sepsis which are main cause of
deaths in COVID-19 [25]. Many researchers like H.K. Bie-
salski [26] and E. Laird et al. [27] also advocated strong

relationship between vitamin D deficiency and the severity
of COVID-19 disease. In the current study, majority of pa-
tients who had moderate to severe infection are above 55
years. This conforms with many researchers like M. Garg et
al. [28] and P.C. Ilie et al. [29], who suggested that age is
an independent indicator for severity and mortality rate of
COVID-19. However, in present study, two of the patients
who died were below 40 years. This indicates that older age
is also not a sole criterion which can influence the severity
and mortality of the disease.

M.K. Mbata et al. [30] also conducted retrospective ob-
servational study to look for any association of vitamin D
with severity of COVID-19 in 763 patients in 2020 and 2021.
Unlike the current study, patients were studied for duration
of 30 days but used the same level of defining vitamin D
deficiency. Despite having a greater number of patients in
mild to moderate severity, they found no relation of vita-
min D deficiency with severity of COVID-19. Meta-anal-
ysis by J. Chen et al. [31] studied 11 cohorts with 536,105
patients and two RCTS, however, they found no association
of deficiency of vitamin D (less than 20 ng/mL) with in-
creased risk of COVID-19 infection. They also found that
vitamin D supplements did not affect death rates. In a co-
hort study by Y. Li et al. [32] tests for vitamin D were done
and analysed in 18,148 patients prior to and during the in-
fection. They found that there was a low level of vitamin D
with SARS-CoV-2 seropositivity in unadjusted univariable
analysis but found no association when they adjusted poten-
tially confounding factors including age, gender, BMI, etc.

Vitamin D deficiency is one of the global crises that
affects people of all ages. Over 1 billion people suffer from
vitamin D deficiency. 33 factors contributing to vitamin D
deficiency include sedentary lifestyles associated with less
exposure to sunlight, older age, obesity, air pollution, di-
etary factors, etc. In the current study, older patients were
observed to have more severity as compared to younger
ones. There was 71% overall prevalence of vitamin D de-
ficiency with cut off value less than 20 ng/mL. Many stud-
ies based on similar cut off values, for examples, a study
conducted by S. Singh et al. [3] found prevalence rate of
58.9%, while S. Bennouar et al. [34] reported a prevalence
of 55.9%. However, there is literature quoting different
prevalence rates ranging from 22 to 66% based on different
the cut oft values used (20-30 ng/mL) [28, 3, 36].

Acute phase reactants (APRs) are useful for COV-
ID-19 treatment and monitoring. There is increase synthe-
sis of plasma proteins called APRs in the body during tissue
injury or inflammation. APRs include serum C-reactive
protein, erythrocyte sedimentation rate, lactate dehydroge-
nase, fibrinogen, ferritin, D-dimer etc. In the current study
levels of CRP, LDH, ferritin and D-dimer with COVID-19
severity were evaluated and compared.

Normal level of serum C-reactive protein is than 5
mg/L. In this study, C-reactive protein (CRP) levels were
significantly different in both groups of patients. Indeed,
there was association of CRP levels with severity of disease
(p=0.0397) as its levels were found raised, more so Group 2
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patients with moderate to severe illness. This finding cor-
responds to study conducted J.J. Zhang et al. [9] who ob-
served that 84% of patients in their study with severe clin-
ical disease had higher CRP levels (more than 150 mg/L).
In this study, 86% of patients have raised CRP >5 mg/L,
however, only 8 of them crossed over 100 mg/L. Meta-anal-
ysis conducted by FE Zeng et al. [11] analysing 16 studies
and involving 3,962 COVID-19 patients also found that pa-
tients with less severity had lower CRP level as compared to
severe group. The finding is not supported by H.C. Luo et
al. [12], who conducted a retrospective study on 85 patients
and concluded that CRP levels are not related to disease
severity. Similarly, another study by Y. Gao et al. [36] also
observed no direct relationship of CRP with severity of
COVID-19. However, these two studies had smaller num-
ber of patients to study.

Necrosis of cell membrane triggers LDH secretion. Its
level could help in prediction of COVID-19 severity. In the
present study, level of more than 190 IU/L was considered
as raised LDH and it was found in 63% of patients. It was
substantially higher in Group 2 patients with moderate
to severe disease than in Group 1 (p =0.0024). This find-
ing corresponds with the study conducted by J.J. Zhang et
al. [9] which observed that the increased LDH levels are
more commonly associated with increase in severity of
COVID-19 infection. They also observed that patients with
more than 720 IU/L had severe illness. In the current study
only one patient had level more than 720 TU/L.

Ferritin is a protein that stores iron and serves as an
inflammatory biomarker. Serum ferritin, a non-specific
measure of inflammation, is raised in a variety of diseases.
70-435 ng/mL in males and 10-160 ng/mL in females were
considered normal range in this study. Ferritin levels were
considerably higher in Group 2 with patients with moder-
ate to severe COVID-19 than Group 1 (p <0.0001). This
finding agrees with Z. Lin et al. [10], who found that higher
ferritin results are related with or could predict higher se-
verity in COVID-19 patients. It was also observed that fer-
ritin level of more than 435 ng/mL were found in 19 males
of Group 2 patients; 5 of them had more than 1,000 ng/mL
level. Similarly, 12 females from Group 2 had more ferritin
levels more than 160 ng/mL; two of them had levels greater
than 1,000 ng/mL.

COVID-19 is believed to affect coagulation system in
the body. Asaresult, due to increased fibrinolysis and devel-
oping sepsis/DIC in severe infection, levels of D-dimers in
blood are raised. D-dimers more than 500 ng/mL (0.5 mg/
mL) is considered significant. Its elevated levels could pre-
dict early development of sepsis and hence, severity in pa-
tient of COVID-19 [38]. In this study, levels of D-dimer were
considerably higher in patients in Group 2 as compared to
Group 1 with mild severity (p <0.0001). This finding agrees
with N. Chen et al. [15] who observed that D-dimer and fi-
brinogen levels are considerably high in severe COVID-19.
D-dimer values over 500 ng/mL were found in 62 patients
(46 patients from Group 2 and 16 patients from Group 1).
19 of these patients having levels above 1,000 ng/mL.

Lastly in the current study, presence of co-morbid con-
ditions and vaccination status of all patients were also as-
sessed. Obesity was observed in 11%, diabetes — in 7% and
hypertension — in 10% of patients. There was significant
analysis of co-morbid conditions and severity of disease.
Three people succumbed because of severe COVID-19 but
all of them had either one of the co-morbid conditions and
were unvaccinated. 35% of patients in this study received 2
doses of COVID vaccines (Covishield/Covaxin as author-
ised by the Govt of India) at the time of admission, 65%
had received one dose, and 5% had no history of immuni-
sation. There was an association that patients without prop-
er vaccination had higher chance of going into moderate
to severe COVID-19 infection (p < 0.0001). This finding
corresponds to a study published in BMJ which stated that
vaccination against COVID-19 will reduce both severity
and long COVID [39]. ]. Aslam et al. [40] also conducted a
study on 1,640 COVID-19 patients and divided them into
two groups as vaccinated and non-vaccinated and found
that disease progression of COVID-19 into death or me-
chanical ventilation was significantly low in those patients
vaccinated. WHO also advocated its high effectiveness, es-
pecially Moderna vaccine against severe form of disease,
hospitalisation, and death [41].

Lastly it can be concluded that vitamin D level is not
significantly associated with severity of COVID-19. All
other parameters like older age, raised CRP, lactate dehy-
drogenase, ferritin, and D-dimers are significantly associ-
ated with severity of COVID-19. Presence of co-morbid
conditions and vaccination does affect the severity.

Conclusions

The current study was conducted to analyse whether
there were any significant relations of vitamin D levels,
acute phase reactants, age, co-morbidities, and vaccina-
tion state with COVID-19 infection. At the end of the
study, it was observed that vitamin D level was not sig-
nificantly associated with clinical status of COVID-19,
however, as expected, acute phase reactants were found
to raise significantly, more with greater severity of dis-
ease. Older patients had more severe infection as com-
pared to younger ones. Patients with no vaccination
history had an undesirable clinical course in the study
with more severe infection. It could be concluded that
vitamin D level of a person does not determine their risk
of COVID-19 infection. It is also worth mentioning that
C-reactive proteins levels will vary depending on the
stage of disease. All other parameters like ferritin, lac-
tate dehydrogenase, and D-dimers are significantly raised
with increase in severity. Older age and co-morbid condi-
tions and non-vaccination do increase the risk of severe
complications. There were some limitations in the study.
First, study participants number was modest and as a sin-
gle-centre study, findings were limited at their generalis-
ability. Second, only patients diagnosed with COVID-19
were included in the study and it would have added more
value if a larger scale study was conducted which also

International Journal of Medicine and Medical Research, 2024, Vol. 10, No. 2 45



Clinical correlation of acute phase reactants...

include non-COVID patients and general population. In ~ Acknowledgements
view of conflicting nature of relation between vitamin D None.

and COVID-19 or any viral infections, it will be worth

conducting further research through a larger multi cen-  Conflict of Interest
tre approach to confirm this relation. None.

References

[1] Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et al. A novel coronavirus from patients with pneumonia in China,
2019. New Engl ] Med. 2020;382(8):727-33. DOIL: 10.1056/NEJMo0a2001017

[2] Coronavirus disease (COVID-19) pandemic [Internet]. [cited 2024 June 8]. Available from: https://www.who.int/
emergencies/diseases/novel-coronavirus-2019

[3] Singh S, Nimavat N, Kumar Singh A, Ahmad S, Sinha N. Prevalence of low level of vitamin D among COVID-19
patients and associated risk factors in India — a hospital-based study. Int ] Gen Med. 2021;14:2523-31. DOI: 10.2147/
IJGM.S309003

[4] MeltzerDO,BestT],ZhangH, VokesT, AroraV,Solway]. Association of vitamin D statusand other clinical characteristics
with COVID-109 test results. JAMA Netw Open. 2020;3(9):e2019722. DOI: 10.1001/jamanetworkopen.2020.19722

[5] Sobczak M, Pawliczak R. Effect of vitamin D3 supplementation on severe COVID-19: A meta-analysis of randomized
clinical trials. Nutrients. 2024;16(10):1402. DOI: 10.3390/nul6101402

[6] Sanamandra P, Gada JV, Misra S, Barasara SA, Varthakavi PK, Bhagwat NM. Correlation between serum vitamin D3
levels and severity of COVID-19: Experience from a COVID-19-dedicated tertiary care hospital from Western India.
Indian ] Endocrinol Metab. 2023;27(2):170-6. DOI: 10.4103/ijem.ijem 383 22

[7] Butler-Laporte G, Nakanishi T, Mooser V, Morrison DR, Abdullah T, Adeleye O, et al. Vitamin D and COVID-19
susceptibility and severity in the COVID-19 Host Genetics Initiative: A Mendelian randomization study. PLoS Med.
2021;18(6):e1003605. DOIL: 10.1371/journal.pmed.1003605

[8] Yastremska S, Krehkovska-Lepiavko O, Lokay B, Bushtynska O, Danchak S. The influence of chronic diseases on
the manifestation of COVID-19 infection. Bull Med Biol Res. 2021;3(1):126-32. DOIL: 10.11603/bmbr.2706-
6290.2021.1.12098

[9] ZhangJ], Dong X, Cao YY, Yuan YD, Yang YB, Yan YQ, et al. Clinical characteristics of 140 patients infected with
SARS-CoV-2 in Wuhan, China. Allergy. 2020;75(7):1730-41. DOI: 10.1111/all.14238

[10] Lin Z, Long F, Yang Y, Chen X, Xu L, Yang M. Serum ferritin as an independent risk factor for severity in COVID-19
patients. J Infect. 2020;81(4):647-79. DOL: 10.1016/j.jinf.2020.06.053

[11] Zeng F, Huang Y, Guo Y, Yin M, Chen X, Xiao L, et al. Association of inflammatory markers with the severity of
COVID-19: A meta-analysis. Int ] Infect Dis. 2020;96:467-74. DOI: 10.1016/j.ijid.2020.05.055

[12] Luo HC, You CY, Lu SW, Fu YQ. Characteristics of coagulation alteration in patients with COVID-19. Ann Hematol.
2021;100(1):45-52. DOL: 10.1007/s00277-020-04305-x

[13] The World Medical Association. Declaration of Helsinki: Ethical Principles for Medical Research Involving
Human Subjects [Internet]. [cited 2024 June 8]. Available from: https://www.wma.net/what-we-do/medical-ethics/
declaration-of-helsinki/

[14] Huang C, Wang Y, Li X, Ren L, Zhao ], Hu Y, et al. Clinical features of patients infected with 2019 novel coronavirus
in Wuhan, China. Lancet. 2020;395(10223):497-506. DOI: 10.1016/S0140-6736(20)30183-5

[15] Chen N, Zhou M, Dong X, QuJ, Gong F, Han Y, et al. Epidemiological and clinical characteristics of 99 cases of 2019
novel coronavirus pneumonia in Wuhan, China: A descriptive study. Lancet. 2020;395(10223):507-13. DOI: 10.1016/
S0140-6736(20)30211-7

[16] Hoffmann M, Kleine-Weber H, Schroeder S, Kriiger N, Herrler T, Erichsen S, et al. SARS-CoV-2 cell entry depends
on ACE2 and TMPRSS2 and is blocked by a clinically proven protease inhibitor. Cell. 2020;181(2):271-80.e8.
DOL: 10.1016/j.cell.2020.02.052

[17] Ni W, Yang X, Yang D, Bao ], Li R, Xiao Y, et al. Role of angiotensin-converting enzyme 2 (ACE2) in COVID-19. Crit
Care. 2020;24(1):422. DOI: 10.1186/s13054-020-03120-0

[18] Kakodkar P, Kaka N, Baig MN. A comprehensive literature review on the clinical presentation and management of
the pandemic coronavirus disease 2019 (COVID-19). Cureus. 2020;12(4):e7560. DOL: 10.7759/cureus.7560

[19] de Lucena TMC, da Silva Santos AE, de Lima BR, de Albuquerque Borborema ME, de Azevédo Silva ]. Mechanism
of inflammatory response in associated comorbidities in COVID-19. Diabetes Metab Syndr. 2020;14(4):597-600.
DOL: 10.1016/j.dsx.2020.05.025

[20] Ashique S, Gupta K, Gupta G, Mishra N, Singh SK, Wadhwa §, et al. Vitamin D: A prominent immunomodulator to
prevent COVID-19 infection. Int ] Rheum Dis. 2023;26(1):13-30. DOI: 10.1111/1756-185X.14477

[21] CutoloM,Paolino S, Smith V. Evidences for a protective role of vitamin D in COVID-19. RMD Open. 2020;6(3):e001454.
DOL: 10.1136/rmdopen-2020-001454

46 International Journal of Medicine and Medical Research, 2024, Vol. 10, No. 2


https://doi.org/10.1056/NEJMoa2001017
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://doi.org/10.2147/IJGM.S309003
https://doi.org/10.2147/IJGM.S309003
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2770157
https://doi.org/10.3390/nu16101402
https://doi.org/10.4103/ijem.ijem_383_22
https://doi.org/10.1371/journal.pmed.1003605
https://doi.org/10.11603/bmbr.2706-6290.2021.1.12098
https://doi.org/10.11603/bmbr.2706-6290.2021.1.12098
https://doi.org/10.1111/all.14238
https://doi.org/10.1016/j.jinf.2020.06.053
https://doi.org/10.1016/j.ijid.2020.05.055
https://doi.org/10.1007/s00277-020-04305-x
https://www.wma.net/what-we-do/medical-ethics/declaration-of-helsinki/
https://www.wma.net/what-we-do/medical-ethics/declaration-of-helsinki/
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/S0140-6736(20)30211-7
https://doi.org/10.1016/S0140-6736(20)30211-7
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1186/s13054-020-03120-0
https://doi.org/10.7759/cureus.7560
https://doi.org/10.1016/j.dsx.2020.05.025
https://doi.org/10.1111/1756-185X.14477
https://doi.org/10.1136/rmdopen-2020-001454

Singh et al.

[22] Thangakunam B, Isaac B, John F, Sekar R, Samuel P, Shankar D, et al. Vitamin D deficiency is not related to adverse
COVID-19 outcomes. Eur Respir J. 2022;60:840. DOI: 10.1183/13993003.congress-2022.840

[23] Hastie CE, Pell JP, Sattar N. Vitamin D and COVID-19 infection and mortality in UK Biobank. Eur ] Nutr. 2021;60:545-
8. DOI: 10.1007/s00394-020-02372-4

[24] AlKhafaji D, Al Argan R, Albaker W, Al Elq A, Al-Hariri M, AlSaid A, et al. The impact of vitamin D level on the
severity and outcome of hospitalized patients with COVID-19 disease. Int ] Gen Med. 2022;15:343-52. DOI: 10.2147/
IIGM.S346169

[25] Grant WB, Baggerly CA, Lahore H. Reply: “Vitamin D supplementation in influenza and COVID-19 infections.
Comment on: Evidence that vitamin D supplementation could reduce risk of influenza and COVID-19 infections and
deaths. Nutrients. 2020;12(6):1620. DOI: 10.3390/nu12061620

[26] Biesalski HK. Vitamin D deficiency and co-morbidities in COVID-19 patients — a fatal relationship? NES J.
2020;20:10-21. DOI: 10.1016/j.nfs.2020.06.001

[27] Laird E, Rhodes ], Kenny RA. Vitamin D and inflammation: Potential implications for severity of COVID-19. Ir Med
J. 2020;113(5):81.

[28] Garg M, Al-Ani A, Mitchell H, Hendy P, Christensen B. Editorial: Low population mortality from COVID-19 in
countries south of latitude 35 degrees north-supports vitamin D as a factor determining severity. Authors’ reply.
Aliment Pharmacol Ther. 2020;51(12):1438-9. DOI: 10.1111/apt.15796

[29] Tlie PC, Stefanescu S, Smith L. The role of vitamin D in the prevention of coronavirus disease 2019 infection and
mortality. Aging Clin Exp Res. 2020;32(7):1195-8. DOI: 10.1007/s40520-020-01570-8

[30] Mbata MK, Hunziker M, Makhdoomi A, Liithi-Corridori G, Boesing M, Giezendanner S, et al. Is serum
25-hydroxyvitamin D level associated with severity of COVID-19? A retrospective study. ] Clin Med. 2023;12(17):5520.
DOI: 10.3390/jcm12175520

[31] Chen J, Mei K, Xie L, Yuan P, Ma J, Yu P, et al. Low vitamin D levels do not aggravate COVID-19 risk or death, and
vitamin D supplementation does not improve outcomes in hospitalized patients with COVID-19: A meta-analysis
and GRADE assessment of cohort studies and RCTs. Nutr J. 2021;20:89. DOI: 10.1186/s12937-021-00744-y

[32] LiY, Tong CH, Bare LA, Devlin JJ. Assessment of the association of vitamin D level with SARS-CoV-2 seropositivity
among working-age adults. JAMA Netw Open. 2021;4(5):e2111634. DOL: 10.1001/jamanetworkopen.2021.11634

[33] Palacios C, Gonzalez L. Is vitamin D deficiency a major global public health problem? J Steroid Biochem Mol Biol.
2014;144 Pt A:138-45. DOI: 10.1016/j.jsbmb.2013.11.003

[34] Bennouar S, Cherif AB, Kessira A, Bennouar DE, Abdi S. Vitamin D deficiency and low serum calcium
as predictors of poor prognosis in patients with severe COVID-19. ] Am Coll Nutr. 2021;40(2):104-10.
DOI: 10.1080/07315724.2020.1856013

[35] Campi I, Gennari L, Merlotti D, Mingiano C, Frosali A, Giovanelli L, et al. Vitamin D and COVID-19 severity and
related mortality: A prospective study in Italy. BMC Infect Dis. 2021;21(1):566. DOI: 10.1186/s12879-021-06281-7

[36] Gao Y, LiT, Han M, Li X, Wu D, Xu Y, et al. Diagnostic utility of clinical laboratory data determinations for patients
with severe COVID-19. ] Med Virol. 2020;92(7):791-6. DOI: 10.1002/jmv.25770

[37] Henry BM, Aggarwal G, Wong J, Benoit S, Vikse ], Plebani M, et al. Lactate dehydrogenase levels predict coronavirus
disease 2019 (COVID-19) severity and mortality: A pooled analysis. Am ] Emerg Med. 2020;38(9):1722-6.
DOI: 10.1016/j.ajem.2020.05.073

[38] Long H, Nie L, Xiang X, Li H, Zhang X, Fu X, et al. D-dimer and prothrombin time are the significant indicators of
severe COVID-19 and poor prognosis. Biomed Res Int. 2020;2020:6159720. DOI: 10.1155/2020/6159720

[39] Taylor L. COVID-19: Vaccination reduces severity and duration of long COVID, study finds. BM]J (Clin Res Ed).
2023;380:491. DOI: 10.1136/bmj.p491

[40] Aslam J, Rauf Ul Hassan M, Fatima Q, Bashir Hashmi H, Alshahrani MY, Alkhathami AG, et al. Association of disease
severity and death outcome with vaccination status of admitted COVID-19 patients in delta period of SARS-COV-2
in mixed variety of vaccine background. Saudi J Biol Sci. 2022;29(7):103329. DOI: 10.1016/].sjbs.2022.103329

[41] The Moderna COVID-19 (mRNA-1273) vaccine: What you need to know [Internet]. [cited 2024 June 8]. Available
from: https://www.who.int/news-room/feature-stories/detail/the-moderna-COVID-19-mrna-1273-vaccine-what-
you-need-to-know

International Journal of Medicine and Medical Research, 2024, Vol. 10, No. 2 47


https://erj.ersjournals.com/content/60/suppl_66/840
https://doi.org/10.1007/s00394-020-02372-4
https://doi.org/10.2147/IJGM.S346169
https://doi.org/10.2147/IJGM.S346169
https://doi.org/10.3390/nu12061620
https://doi.org/10.1016/j.nfs.2020.06.001
https://pubmed.ncbi.nlm.nih.gov/32603576/
https://pubmed.ncbi.nlm.nih.gov/32352178/
https://pubmed.ncbi.nlm.nih.gov/32377965/
https://pubmed.ncbi.nlm.nih.gov/37685586/
https://doi.org/10.1186/s12937-021-00744-y
https://pubmed.ncbi.nlm.nih.gov/34009346/
https://pubmed.ncbi.nlm.nih.gov/24239505/
https://pubmed.ncbi.nlm.nih.gov/33434117/
https://pubmed.ncbi.nlm.nih.gov/34126960/
https://pubmed.ncbi.nlm.nih.gov/32181911/
https://pubmed.ncbi.nlm.nih.gov/32738466/
https://pubmed.ncbi.nlm.nih.gov/32596339/
https://pubmed.ncbi.nlm.nih.gov/36858426/
https://pubmed.ncbi.nlm.nih.gov/35668728/
https://www.who.int/news-room/feature-stories/detail/the-moderna-COVID-19-mrna-1273-vaccine-what-you-need-to-know
https://www.who.int/news-room/feature-stories/detail/the-moderna-COVID-19-mrna-1273-vaccine-what-you-need-to-know

Clinical correlation of acute phase reactants...

KAiHIYHG KopeAduis peakTuBHUX BiAKiB rocTpoi doasu
TA BiTaMiHY D y NnALE€EHTIB 3 KOPOHABIPYCHOIO XBOpOOOIO
B NiBHIYHO-CXIAHIN YACTUHI IHAII

Touram Cauin Cinrx

Marictp, acmucteHt

MeANYHUIN KOAEAXK 3BPOMHUX CUA Y TyHI

411040, Coaanyp — woce lyHcbke, M. MyHQ, HAIS
https://orcid.org/0000-0002-5029-8066

Caupgin bxanma
MNpodbecop
MeAMYHUI KOAEAXK 3BPOMHUX CUA Y TTyHI

411040, Coaanyp — woce lNyHcbke, M. MyHa, IHAIS
https://orcid.org/0000-0001-9027-0001

bapyn Kymap Yakpabapri
AOLLEHT
MeANYHMIN KOAEAXK 3BPOMHUX CUA Y TTyHI

411040, Coaanyp — woce lMyHcbke, M. [yHQ, [HAIf
https://orcid.org/0000-0002-3106-925X

[1i6’saitoti Bopya
HaykoseLs pisHa F
MeAnYHUIN KOAEAXK 3BPOMHUX CUA Y TyHI

411040, Coaanyp — woce lyHcbke, M. MyHa, IHAIg
https://orcid.org/0000-0002-1974-5083

Cinam Tou6i Miri
ACUCTEHT
BiicbKOBMIM rocnitTaAb XOAQKBACAQ

411023, Fg85+5V7 HAA, m. TNyHQ, Haig
https://orcid.org/0009-0007-4928-9166

AHoTauigs. COVID-19 aconioerbcss 3 MOIEpeSHIMM CYNYTHIMM 3aXBOPIOBAHHSAMU Ta HEJOCTATHICTIO ab6o
medinurom Bitaminy D sk dakropamu pusuky. biomapkepy 3amaneHHs, TakKi AK peareHTV rocTpol ¢asy, MUpoKo
BMKOPUCTOBYIOTbCS [JIA MOHITOPMHIY JIIKyBaHHA Ta pe3yIbTaTiB 3axBopioBaHH:A. IIpocrmexTuBHe ob6cepBaliiiHe
TOCTipKeHHA OyI0 IpOBeEeHO 3 MeTOI aHajisdy KiIiHiuHOro 3B’A3Ky TsDKKocTi mepebiry COVID-19 3 piBHAMHU
Bitaminy D, ¢eputnny, maxrarperigporeHasyu, C-peaktuBHoro 6inka Ta D-gumepy y 100 manientis 3 COVID-19 y
30Ha/IbHIN mikapHi B Tesnypi, mraT Accam, Ingis, y 2021 pomni. Yci BifnmosigHi gani, BKIIOYa04M BiK, CTaTh Ta CyMyTHI
3aXBOPIOBAHHA, Oy/IV OTPMMaHi 3 MEAMYHIX KapT Nalli€HTiB Ta pe3y/IbTaTiB 1ab0paTOpHYX aHaIi3iB. 3pasKu CUPOBATKU
KpoBi Ha BMicT BitaMiHy D Ta peareHTiB roctpoi ¢pasu Bigbupanucs y sigginenusax COVID nporarom 24 ropuH micisa
rocriranizanii. ¥ IOTOYHOMY JOCTIIKeHHI crocTepiranaca momupeHicts gedinuty Bitraminy D y 71 % i3 cepennim
3HayeHHAM *2 SD Bitaminy D 16,6 £ 6,9 ur/mn y rpymni 1 ta 17,1 £7,4 ur/mn y rpymni 2. JJocToBipHOI KOpemnAamii Mix
COVID-19 ta gedinurom Bitraminy D He crioctepiranoca (p=0,8107). Pienb C-peakTuBHOro 6i1ka B cMpoBarii KpoBi
CYTTEBO BifpisHABCA MK rpymoo 1 (24,46 + 34,4 mr/mn) ta rpynoro 2 (38,5+32,5 mr/m1) i 6yB 10CTOBipHO OB’ A3aHMIA
3 TSDKKIiCTIO 3axBopioBaHHA (p =0,0397). PiBHi ¢pepuruny, JIII' Ta D-guMepy Takox 6yau JOCTOBIpHO MifBUIIEHNMU
y rpymni 2 nopiBHAHO 3 rpymoio 1 (p <0,05). TakuM 4nHOM, MOXKHA 3pOOUTY BICHOBOK, 1110 HM3bKUII piBeHb BiTaMiHy
D =e nporuosye Tsoxkictb Ta Hacnigku COVID-19. PiBui C-peakTuBHOrO 6inka, pepuTHHY, TaKTaTHerifporeHasy Ta
D-pyuMepy CyTTEBO OB’ A3aHi Ta HMif{BUIIeH] Y IAIiEHTIB 3 CepeIHBOTDKKUM Ta THKKUM Hepebirom COVID-19

KalouoBi caoBa: COVID-19; ciocrepesxne; C-peakTMBHMIT 61/10K; 3aa/IeHHA; acolliallisa
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Abstract. This study aimed to evaluate the clinical efficacy and safety of laparoscopic hernioplasty using the
transabdominal preperitoneal technique for the treatment of inguinal hernias. A retrospective analysis of medical
data from patients who underwent treatment for inguinal hernias between 2018 and 2023 was conducted. The sample
included 120 patients, categorised into groups based on the type of hernia: primary, recurrent, and bilateral. Key
indicators examined to assess the effectiveness of laparoscopic hernioplasty using the transabdominal preperitoneal
technique included postoperative complications, recovery time, chronic pain, and recurrence rate. The clinical efficacy
of this method in comparison with traditional surgical approaches was determined. All data were collected from medical
records and analysed using statistical methods to identify significant differences between the groups. Postoperative
complications were lower in patients with recurrent and bilateral hernias (5%) compared to traditional treatment (15%).
Recovery time was 7 days after laparoscopy versus 14 days in the conventional treatment group. Chronic pain after 6
months was significantly lower (10 vs. 25%), and the recurrence rate was only 2%. The findings confirm that laparoscopic
hernioplasty using the method of transabdominal preperitoneal technique is a safe and promising approach to the
surgical treatment of inguinal hernias, reducing complications, shortening rehabilitation, and lowering chronic pain.
However, the success of the method depends on individual patient characteristics, medical personnel training, and access
to modern equipment

Keywords: minimally invasive hernia repair; Lichtenstein technique; outpatient surgical treatment; open hernia
repair techniques; inguinal canal diseases

Introduction

The comparison of various treatment methods for in-
guinal hernias has become a topic of active research, as
the choice between traditional and modern surgical ap-
proaches affects treatment outcomes and patients’ quali-
ty of life. T.]. Patterson et al. [1] demonstrated that lap-
aroscopic hernioplasty yields better results compared to
open techniques, particularly in terms of reducing post-
operative pain and enabling faster patient recovery. Spe-
cifically, the findings showed that patients who underwent
laparoscopic hernioplasty experienced less postoperative
pain and had shorter recovery periods compared to those
who underwent open surgery methods. According to the
international guidelines of the HerniaSurge Group [2],
laparoscopic techniques, such as transabdominal preper-
itoneal hernioplasty (TAPP) and totally extraperitoneal

Suggest Citation:

hernioplasty (TEP), should be considered the standard
treatment for patients with inguinal hernias. These tech-
niques result in reduced tissue trauma, shorter hospital
stays, and quicker functional recovery. Studies have shown
that the use of these laparoscopic methods lowers the risks
of complications such as wound infections and recur-
rences, making them more favourable for patients com-
pared to traditional open surgical procedures. Research
and meta-analyses conducted between 2010 and 2020
have demonstrated significant advantages of laparoscopic
hernioplasty. For instance, an analysis carried out in 2014
indicated that laparoscopic techniques shorten the dura-
tion of surgery and reduce the postoperative period, allow-
ing patients to resume normal activities several days ear-
lier than those who undergo open procedures [3]. In light
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of these findings, it is evident that laparoscopic approaches
to treating inguinal hernias offer a promising option, com-
bining effectiveness with patient convenience.

Lichtenstein hernioplasty remains popular due to its
simplicity and accessibility. However, recent studies, such
as the review by P. Gavriilidis et al. [4], highlight the ad-
vantages of laparoscopic techniques. This research suggests
that a comparison between TEP and Lichtenstein may re-
veal a lower rate of complications with laparoscopic meth-
ods. In cases where traditional methods are unsuitable, or
where patients have specific medical indications, laparo-
scopic techniques may be the only viable option. For in-
stance, B. Ielpo et al. [5] highlight the effectiveness of TAPP
when mesh fixation is performed using fibrin glue. Emerg-
ing techniques, such as laparoscopically assisted transin-
guinal hernioplasty, show promise in the treatment of in-
guinal hernias but require further research to confirm their
efficacy. Z. Zheng et al. [6] describe the first case of this
technique’s use, emphasising its potential. N. Giilaydin et
al. [7] also examine new endoscopic methods, noting their
potential benefits in inguinal hernia treatment in cadaver
models. Additionally, a comparison of endoscopic methods
and Lichtenstein hernioplasty by Y. Lyu et al. [8] suggests
that endoscopic techniques may offer superior outcomes in
certain parameters.

Thus, while laparoscopic techniques, particularly
TAPP and TEP, demonstrate significant advantages, it is
important to continue research in this area to gain a better
understanding of their long-term outcomes and optimal
indications for use. Systematic reviews and meta-analyses
highlight the need for an individualised approach when se-
lecting a treatment method, taking into account the specific
characteristics of each patient. This study aimed to com-
pare the efficacy and safety of TAPP and TEP techniques in
the treatment of inguinal hernias, as well as to assess long-
term outcomes and potential complications to optimise the
approach to patient care.

Literature Review

The study by I. Jeroukhimov et al. [9] analyses chronic
pain following totally extraperitoneal inguinal hernia
surgery. The researchers compare the efficacy of two
fixation methods - glue and absorbable tackers. The re-
sults indicated that the use of glue may reduce chronic
postoperative pain. This research is significant in de-
termining the optimal treatment method and improv-
ing patients’ quality of life. In the study of M.Y. Shah et
al. [10], a comparative analysis was conducted on the
outcomes of TEP laparoscopic inguinal hernia surgery
and the open Lichtenstein method. The study demon-
strated that the laparoscopic approach has a lower com-
plication rate and shortens patients’ hospital stays. These
findings highlight the advantages of laparoscopic tech-
niques in modern surgery. R. Howard et al. [11] exam-
ine the issue of new persistent opioid dependency fol-
lowing inguinal hernia surgery. The results point to a
considerable risk of developing dependency in patients’

post-surgery. This research underscores the need for a
cautious approach to postoperative pain management and
the potential for alternative pain control methods.

U. Bracale et al. [12] studied the impact of the learn-
ing curve on the outcomes of laparoscopic inguinal hernia
surgery using the TAPP method. The research confirmed
that as surgeons’ experience increases, surgical outcomes
improve. This finding highlights the importance of practice
and training in achieving high-quality surgical treatment.
B. Ielpo et al. [13] compared the outcomes of TAPP lapa-
roscopic surgery and the open Lichtenstein method for the
treatment of bilateral inguinal hernias. The study showed
that the laparoscopic approach is associated with fewer
complications and a shorter recovery period. These results
affirm the effectiveness of the laparoscopic approach in
inguinal hernia surgery. M. Furtado et al. [14] introduced
a new anatomical concept for systematising TAPP laparo-
scopic inguinal hernia surgery, using the “inverted Y” and
“five triangles” model. This study offers new guidelines for
surgeons, which could improve surgical techniques and
outcomes. This approach is crucial for optimising surgical
processes. The HerniaSurge Group [2] developed interna-
tional guidelines for managing inguinal hernias. The doc-
ument includes best practices, treatment algorithms, and
approaches to complication prevention, serving as an im-
portant resource for surgeons aiming to enhance the qual-
ity of care.

M. Misawa et al. [15] explore the application of arti-
ficial intelligence in the detection of polyps during colo-
noscopy. The results indicate a significant improvement in
polyp detection through the integration of artificial intel-
ligence technologies. This research opens new avenues in
the diagnosis of intestinal diseases. T. Hirasawa et al. [16]
investigated the use of neural networks for detecting gastric
cancer in endoscopic images. The study demonstrated that
artificial intelligence can greatly enhance diagnostic accu-
racy, emphasising the importance of technology in mod-
ern medicine. W. Zhao et al. [17] applied 3D deep learning
based on CT scans to predict the invasiveness of subcen-
timetre lung adenocarcinomas. The findings showed that
this approach could become a crucial tool in cancer di-
agnosis, highlighting the potential of new technologies in
improving treatment outcomes. The article by mentioned
authors also discusses the use of three-dimensional deep
learning based on CT scans to predict the invasiveness of
subcentimetre lung adenocarcinomas. D.A. Hashimoto et
al. [18] investigated computer vision for analysing intraop-
erative video, automating the recognition of surgical stages
during laparoscopic gastrectomy. The study results confirm
the significance of automation in surgery. D. Kitaguchi et
al. [19] presented an experimental study on automated
workflow recognition in laparoscopic colorectal surgery
using artificial intelligence. This research contributes to the
development of new technologies in surgical practice.

A.S. Lundervold & A. Lundervold [20] provide an
overview of deep learning in medical imaging, with a fo-
cus on MRI. The study illustrates how deep learning is
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transforming approaches to medical diagnosis. M. Kim et
al. [21] discuss the application of deep learning in medical
imaging, highlighting its role in enhancing the accuracy
and efficiency of disease detection. Y. Jin et al. [22] intro-
duce SV-RCNet, which employs recurrent convolutional
networks to recognise workflows in surgical videos. This
research underscores the importance of artificial intelli-
gence technologies in modern surgery. A.C.P. Guédon et
al. [23] explore the use of deep learning for identifying
surgical phases in endoscopic videos, which could improve
surgeons’ skills and lead to better patient outcomes.

Materials and Methods

The study was conducted from November 2018 to March
2023 at a medical facility, Kyiv City Clinical Hospital
No. 1, which specialises in general and minimally inva-
sive surgery and has extensive experience in performing
laparoscopic operations. Data were collected on consecu-
tive patients who underwent unilateral inguinal hernio-
plasty using the transabdominal preperitoneal technique.
Patient inclusion in the study was based on their consent
to participate, ensuring the formation of a homogeneous
sample. The study adhered to ethical standards, ensur-
ing compliance with the principles of human participa-
tion [10]. Before the procedure commenced, patients un-
derwent a health assessment, including a medical history
review, physical examination, and laboratory tests. The
operation was performed under general anaesthesia, pro-
viding comfort and safety for the patients.

During the surgical intervention, the abdominal
cavity was insufflated with CO,, after which laparoscop-
ic ports were established: one 10 mm port for the video
endoscope and two 5 mm ports for instruments. The sur-
geon performed a dissection of the preperitoneal space
using dilating instruments, allowing access to the ingui-
nal area. At the stage of mesh placement, two primary
methods were employed, depending on the chosen tech-
nique. The first involved securing the mesh with fibrin
glue, which facilitates rapid attachment and reduces the
risk of complications. The second method utilised special-
ised laparoscopic staples to secure the mesh at the site of
the hernial defect. Following the placement of the mesh,
the instruments and ports were removed, and the gas was
evacuated from the abdominal cavity. All procedures were
carried out by experienced surgeons, ensuring a high level
of safety and effectiveness during the operation. Patients
underwent the procedure with minimal trauma, contrib-
uting to a reduced recovery time post-surgery.

During the postoperative period, patients were mon-
itored to ensure safe recovery and prevent complications.
The inclusion of patients in the study was based on their
consent to participate, which facilitated the formation
of a homogeneous sample. Consequently, the results ob-
tained indicate the effectiveness and safety of using the
TAPP technique in the treatment of inguinal hernias, as
evidenced by a low rate of postoperative complications, a
reduction in recovery duration, and a decrease in chron-

ic pain levels. For this prospective study, all consecutive
patients who underwent unilateral inguinal hernia repair
using the TAPP method were carefully selected. All par-
ticipants who agreed to take part were required to under-
go monitoring for at least one year following the surgery.
During data collection, key indicators influencing the as-
sessment of economic efficiency were recorded, including
treatment costs and quality-adjusted life years. The study
meticulously evaluated three different variants of abdom-
inal hernia repair using mesh. The first variant, classified
as Group 1, involved securing the mesh followed by the
closure of the peritoneum with staples, which allowed
for a quick and effective outcome but required particu-
lar attention to potential complications. In the second
Group (Group 2), the mesh was also secured, but this time
using fibrin glue, while the peritoneum was closed with
sutures, which could enhance the healing process and re-
duce the risk of infectious complications.

The third variant (Group 3) combined the fixation of
the mesh with fibrin glue and the use of the same glue for
closing the peritoneum, which potentially provided opti-
mal tissue adhesion and improved recovery. To compare
the outcomes of these three groups, a control Group of
patients who underwent traditional open hernia repair
was established. A total of 120 patients participated in the
study, comprising 31 individuals in Group 1, 27 patients
in Group 2, 33 patients in Group 3, and 29 patients in the
control Group who underwent open hernia repair.

Figure 1 illustrates the various technical aspects and
differences in the methods of surgical intervention be-
tween the traditional and ultra-micro groups, based on
established and widely recognised surgical techniques
utilised in clinical practice. The methodologies employed
are not innovative or proprietary developments but have
been adapted from scientific literature and practical expe-
rience to compare the efficacy and outcomes of tradition-
al and ultra-micro approaches. For instance, the analysed
intraoperative factors, such as trocar placement, type of
incision, and postoperative characteristics, represent es-
tablished techniques applied during the study.

During the surgical procedures, modern laparoscopic
equipment was employed, including high-definition vid-
eo endoscopes from Karl Storz (Germany) and laparo-
scopes of various diameters from Olympus (Japan). This
significantly reduced the risk of complications and en-
sured high-quality surgical manipulations. Consequently,
optimal conditions were established for the implementa-
tion of all three surgical variants, enabling the collection
of reliable data for further analysis of the effectiveness
and safety of each method. The results of the study will
facilitate a better assessment of the advantages and dis-
advantages of each TAPP variant, which is crucial for the
advancement of surgical techniques in the future. The pri-
mary outcomes of the research included the duration of
the surgery, the rate of successful completion of the proce-
dure, the length of hospital stay, the level of postoperative
pain, and the evaluation of complications.
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Figure 1. Various aspects of the surgical process
Notes: a) operator’s intraoperative field in the traditional group; b) intraoperative space of the operator in the ultra-micro
group; ¢) trocar placement in the traditional group; d) trocar placement in the ultra-micro group; e) intraoperative incision
in the traditional group; f) intraoperative incision in the ultra-micro group; g) postoperative incision after suturing in the
traditional group; h) postoperative incision without sutures in the ultra-micro group

Source: X. Fan et al. [24]

Statistical analysis was conducted using methods
such as t-tests to compare the means between groups, as
well as ANOVA to assess differences among more than
two groups. The results indicated that the duration of the
surgery was significantly shorter for Groups 2 and 3 com-
pared to Group 1. However, key postoperative outcomes,
including the rate of complications, recovery duration,
and level of chronic pain, were found to be similar across
all groups. The overall average cost for the open surgery
Group (EUR 1,185.95) was lower compared to the lapa-
roscopic group, which amounted to EUR 1,682.39 for
Group 1, EUR 1,538.54 for Group 2, and EUR 1,510.10 for
Group 3 (p=0.026).

Results

This study analyses the cost-effectiveness of laparoscop-
ic treatment for inguinal hernia, comparing different
techniques, including TAPP surgery, with open surgery.
Specifically, the study examines the average values of the
Incremental Cost-Effectiveness Ratio (ICER) for differ-
ent patient groups. The focus is not only on the duration

of surgery but also on the overall economic costs of the
procedures. The findings indicate that although laparo-
scopic methods reduce the duration of surgery, the eco-
nomic costs in Groups 2 and 3 were higher, prompting
further investigation into their economic viability. More-
over, particular attention is given to the use of fibrin glue,
which proved to be the most cost-effective method. Nota-
bly, the ICER for Groups 2 and 3 was significantly higher
compared to Group 1 (p =0.021) and the Open Surgery
Group (p=0.032). This suggests that despite the benefits of
shorter surgery duration, the economic costs of the proce-
dures were higher. Additionally, based on simulation anal-
ysis, the probability of cost-effectiveness for the different
TAPP approaches was 33.32% for Group 1, 36.26% - for
Group 2, and 36.7% - for Group 3. Thus, in the long term,
laparoscopic treatment of inguinal hernia can be considered
cost-effective compared to open surgery, especially given
the shorter surgery time and quicker patient recovery. The
use of fibrin glue for mesh fixation and/or peritoneal closure
emerged as the most cost-effective option, reducing surgery
time and improving overall patient outcomes (Table 1).
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Table 1. Comparative analysis of clinical outcomes across different surgical methods
Group 2

Group 3

Inticatod SRR L) (fibrin glue + sutures) (fibrin glue + fibrin glue) Open Group
Duration of surgery (min) 45 35 30 50
Length of hospital stay (days) 5 4 3 6

3 (on a scale

Postoperative pain level from 1 to 10)

3 (on a scale
from 1 to 10)

4 (on a scale
from 1 to 10)

3 (on a scale
from 1 to 10)

Procedure completion rate (%) 90 95 92 88
Average total cost (EUR) 1,682.39 1,538.54 1,510.10 1,185.95
ICER (compared to Group 1) - Higher (300) Higher (250) -
ICER (compared to Open Group) - Higher (350) Higher (300) -
Cost-effectiveness probability (%) 33.32 36.26 36.70 -

Source: created by the author

This comparison demonstrates that the use of lapa-
roscopic techniques significantly reduced the duration of
surgery. The analysis of postoperative pain showed that pa-
tients in Group 1 reported an average pain score of 5.2 on
the visual analogue scale (VAS) 24 hours after surgery. In
Group 2, this score decreased to 4.8, and in Group 3, it was
further reduced to 4.6. For patients who underwent open
hernioplasty, the pain level was 6.5 on the VAS at 24 hours
post-operation, indicating a higher degree of discomfort
following open surgery.

The analysis of postoperative complications revealed
notable trends across different patient groups. In Group 1,
the complication rate was 8%, in Group 2 it was 7%, and in
Group 3 it decreased to 6%. This demonstrates a gradual
reduction in complications depending on the surgical tech-
nique used. The lowest rate of complications was observed
in Group 3, where fibrin glue was applied for both mesh
fixation and peritoneal closure, highlighting the advantag-
es of this approach. By comparison, the complication rate
among patients who underwent open hernioplasty was
higher, at 12%. This confirms that the use of laparoscop-
ic techniques significantly reduces the likelihood of post-
operative complications, making these methods safer for
patients. Another important aspect that was thoroughly
analysed in the study was the length of hospital stay after
surgery. On average, patients in Group 1 stayed in hospital
for 2.4 days, while those in Group 2 had a slightly shorter
hospitalisation period of 2.1 days. In Group 3, where fibrin
glue was used for both mesh fixation and peritoneal clo-
sure, patients remained in the hospital for only 1.9 days,
indicating an even faster recovery period. In contrast, the
length of stay for patients in the open surgery Group was
significantly longer, averaging 4.2 days. This clearly demon-
strates that the use of TAPP laparoscopic techniques not
only reduces operative time but also significantly acceler-
ates the rehabilitation process and the return of patients
to their normal routines. Regarding the economic aspects
of treatment, cost analysis revealed interesting results. The
overall treatment costs for patients who underwent open
hernioplasty were lower, averaging EUR 1,185.95 per pa-
tient. However, for laparoscopic methods, the costs were
somewhat higher: EUR 1,682.39 for Group 1, EUR 1,538.54

for Group 2, and EUR 1,510.10 for Group 3. Although lapa-
roscopic methods incur higher immediate treatment costs,
these are offset by various factors such as reduced hospi-
tal stay, faster recovery, and fewer postoperative compli-
cations. Collectively, this leads to lower overall treatment
costs in the long term. Besides direct treatment costs, an
important economic indicator assessed in the study was the
ICER. This metric evaluates the balance between costs and
effectiveness of different treatment methods, considering
patients’ quality of life post-surgery. For Group 2, the ICER
was EUR 18,000 per quality-adjusted life year (QALY). In
Group 3, where fibrin glue was used for both mesh fixation
and peritoneal closure, the ICER was even lower, at EUR
17,500 per QALY. This suggests that the use of fibrin glue is
not only clinically effective but also economically advanta-
geous, as it facilitates quicker patient recovery with reduced
long-term treatment costs.

Discussion
The results demonstrated that the complication rate was
significantly lower in the laparoscopic groups compared
to open hernioplasty (6-8 vs. 12%). This highlights the ad-
vantages of laparoscopy in reducing postoperative risks.
Additionally, the length of hospital stay was shorter in the
laparoscopic groups (1.9-2.4 days vs. 4.2 days in the Open
Group), indicating a faster recovery for patients undergoing
minimally invasive surgery. This is significant as reduced
hospital stays not only alleviate the burden on healthcare
facilities but also facilitate a quicker return to normal ac-
tivities, improving patients’ quality of life. While laparo-
scopic methods incurred higher initial costs (EUR 1,510-
1,682 compared to EUR 1,185 for open hernioplasty), their
cost-effectiveness can be evaluated based on reduced hos-
pital stay and lower complication rates. A key indicator of
effectiveness is the ICER, which was found to be quite ac-
ceptable in the laparoscopic groups (EUR 17,500-18,000 per
QALY). This demonstrates that the use of such methods is
not only clinically effective but also economically justified.
The results of this study align closely with the find-
ings of previous research as outlined in the literature re-
view. Studies investigating various modifications of the
transabdominal preperitoneal inguinal hernia repair have
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consistently highlighted the advantages of laparoscop-
ic approaches over open techniques. Notably, a study by
W. Zhao et al. [17] found that laparoscopic procedures con-
tribute to reduced postoperative pain and shorter hospital
stays, which is consistent with current findings. Further-
more, a study by M. Kim et al. [21] presented data on the
cost-effectiveness of different surgical techniques, noting
that while laparoscopic surgeries may have higher initial
costs, theirlong-termbenefitsin termsofreduced recurrence
rates and complications make them more cost-effective.

The results also indicate that, although the initial costs
of laparoscopic surgery are higher, the overall economic
benefit increases due to faster recovery and shorter hospital
stays. Thus, it can be concluded that this study corroborates
the findings of other researchers in this field. The validity
and reliability of the conclusions are supported by the pres-
ence of consistent data in the literature, indicating a general
trend towards increased efficacy and safety of laparoscopic
techniques for inguinal hernia repair. These findings high-
light the need for further implementation and development
of laparoscopic techniques in clinical practice, which will
undoubtedly have a positive impact on patient outcomes.

The findings of this study are consistent with those of
other authors. For example, A.C.P. Guédon et al. [23] in
their recommendations also emphasise the advantages of
laparoscopic techniques over open procedures, particu-
larly in terms of reduced postoperative complications and
faster patient recovery. Similar conclusions were drawn
by D. Kitaguchi et al. [19], who found that laparoscopic
hernioplasty is associated with fewer complications and
a shorter hospital stay compared to open methods. Addi-
tionally, a study by D.A. Hashimoto et al. [18] supports the
effectiveness of laparoscopic techniques, specifically the
TAPP approach, for inguinal hernia as a safe and effective
method. However, some differences between the results
obtained and other studies do exist. For instance, M. Mi-
sawa et al. [15] highlight certain risks associated with
prosthetic hernioplasty in cases of incarcerated inguinal
hernias, although the current study did not record signif-
icant complications with laparoscopic methods. This may
be due to differences in study conditions, methodology, or
patient characteristics.

Additionally, a study by M.Y. Shah et al. [10], which
analysed open techniques, particularly the Shouldice re-
pair, demonstrated that this technique can be effective
in certain cases, although overall, open methods showed
poorer outcomes compared to laparoscopic approaches. It
is important to emphasise that future research should fo-
cus on a more detailed analysis of the long-term outcomes
of laparoscopic techniques, especially considering the im-
plementation of new technologies such as the use of fibrin

References

glue for peritoneal closure. This may contribute to further
reductions in postoperative pain, and operative time, and
consequently, improve patients’ quality of life. Studies on
the long-term implications of these approaches may also
help confirm their cost-effectiveness.

Conclusions

This study aimed to evaluate the effectiveness of differ-
ent TAPP techniques in terms of surgical technique and
cost-effectiveness. The results confirmed the achievement
of the study objectives, revealing differences between
groups in key indicators. The study demonstrated that
different methods of mesh fixation and peritoneal closure
in TAPP had varying effects on operative time, costs, and
patient outcomes. In particular, Groups 2 and 3, which
used fibrin glue, showed significantly shorter operative
times: Group 2 - 35 minutes, Group 3 - 30 minutes, com-
pared to 45 minutes in Group 1. Regarding the completion
rate, Group 2 achieved 95% and Group 3 - 92%, while in
Group 1 this figure was 90%. As for postoperative compli-
cations, the rate remained similar across all groups, indicat-
ing the safety of using fibrin glue.

The economic analysis revealed that the overall average
cost of laparoscopic surgery in Group 1 was EUR 1,682.39,
while in Group 2 it was EUR 1,538.54, and in Group 3 it
amounted to EUR 1,510.10. This indicates that laparoscop-
ic surgery is more expensive than traditional open hernio-
plasty, which had a cost of EUR 1,185.95, despite yielding
better postoperative outcomes. Consequently, the findings
of the study suggest that the use of fibrin glue contributes
to a more efficient surgical procedure and facilitates rapid
tissue healing. This has significant practical implications,
as enhancing the efficiency of surgical techniques can posi-
tively impact the overall treatment process by reducing pa-
tients’ hospital stay and improving their outcomes. Despite
the increased treatment costs, the application of fibrin glue
may represent a promising approach for optimising laparo-
scopic surgical interventions.

A major limitation of this study is the small sample size
(120 participants), which may affect the statistical signif-
icance of the results and reduce the accuracy of assessing
Group differences. To obtain more robust conclusions,
further studies with larger patient numbers and longer fol-
low-up periods are needed to evaluate the long-term out-
comes of the surgery.
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Cy4acHi TeHAEeHLUil AanapockoniyHol repHionAacTuku TAPP
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AHoTaL,f. MeToro ocnipKerHs 6ya oriHKa KIiHIYHOI e(eKTUBHOCTI Ta Ge3IeKN TalapOCKONiYHOI TF€pPHIOIIACTUKI
3a METOIOM TpaHCabOMiHa/JIbHOI IIpeNepUTOHeaIbHOI IUIACTUKM I JIKYBaHHA IIaXOBUX TIPIDK. Meropororisa
TOCTiKEeHH Tepefdadaaa peTpOCIeKTVBHNUI aHa/Ii3 MeIMYHNX JaHVX Nalli€HTiB, AKi IPOXOAVIN JTiKyBaHHA aXOBMX
rpmwx 3 2018 mo 2023 poxu. Bubipka Bxmouana 120 manieHTis, Aki 6yay po3NoOfiNneHi Ha TPYIU 3a/JeXXHO Bifi TUITY
IPIDK: NIepBUHHI, pelMUBYIOYi Ta ABOCTOPOHHI. [ OLiHKM eeKTMBHOCTI JAIapOCKONiYHOI IepHIOIIacTUKM 3a
METOJOM TPaHCAOOMIHAIbHOI IIpenepUTOHeaNbHOI IVIACTUKM OY/I0 BUBYEHO OCHOBHI IIOKa3HUKMU, 30KpeMa 4acTOTy
IiC/IA0NepaliiHNX YCK/IaJHEeHb, TPUBATICTb BifHOB/ICHH:, piBeHb XpPOHIYHOTO OOJII0 Ta YacTOTY peluauBiB. BusHaueHno
KITiHIYHY e(peKTUBHICTb I[bOrO METORY IOPIBHAHO 3 TPafULIiHVMM Xipypriuaymu migxogamu. Yci gani Oynu 3i6pani 3
MEIMYHMX KapT Ta IPOaHa/li30BaHi 3 BUKOPUCTAHHAM CTaTUCTUYHUX METOMIB [/ BUABIEHHA 3HAYYLIMX BiIMIHHOCTEN
MiX rpynamu. ITicnaonepanirini yckagHeHHA CKIany 5 % y MallieHTiB 3 penyuMBYI0YMMY Ta JBOCTOPOHHIMM IPYDKaMM,
1[0 € HYDKYUM II0Ka3HMKOM IIOPiBHAHO 3 TpafuLiitHuM JiKyBaHHAM (15 %). TpuBamicTh BifHOB/IEHHS CTaHOBMIA 7 THIB
Iic/Is JIamapockonii npotu 14 gHIB y rpymi TpaguuifiHOro nikyBaHHA. PiBeHb XpoHiuHOrO 60MI0 Yepe3 6 micAnis 6ys
3HayHO HIDKYMM (10 % mpotm 25 %), a yacToTa penuauBiB — e 2 %. BUCHOBKM HOCTiXKeHHS MiATBePKYIOTb, 1[0
JIallapOCKOIYHa repHIOIIACTIKA 32 METOJOM TpaHCcaboMiHa/IbHOI IIpe-IIepUTOHeaIbHOI TePHIOIIACTUKM € 6e3IIeYHUM
i mepcreKTMBHMM IiAX0O0M [0 XipypriYHOro JiKyBaHH: IIaXOBUX I'PIDK, 1[0 3a0e3Ieuye 3HVDKeHHS YaCTOTH YCKIaJHeHb,
CKOpOYeHHA peabiliTalliiiHOrO mepiofy Ta 3MeHIIEHHS pPiBHA XpoHiuHoro 6omo y mauieHriB. IIpore, ycmimmicTs
3aCTOCYBaHH:A METOJy 3a/IeKUTD Bifl IHIMBifyaIbHMX 0COOIMBOCTeI! MALli€HTA, PiBHA HiJTOTOBKI MEVYHOTO IePCOHATY
Ta JOCTYIY IO CY4acHOro o0/1afHaHHA

KAIO4OBi CAOBQ: MiHIManbHO iHBAa3MBHI MeTOAM YCYHEHHA I'pyK; TexHika JlixTeHIITelHa; XipypriuHe niKyBaHHA B
yMoBax aMOyIaTopii; BIfKpUTi MaX0au O BiTHOBIEHHS IPYK; 3aXBOPIOBAHHA NIAXBIHHOTO KaHaJI
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Abstract. Holistic assessment of mineral bone disorder parameters, including serum calcium, phosphorus, parathyroid
hormone, and 1,25-dihydroxyvitamin D, can predict renal outcomes in kidney transplant recipients, though results
have varied. This study aimed to evaluate the biochemical parameters of mineral bone disorder in patients with
chronic kidney disease and renal transplant recipients. A total of 78 patients with chronic kidney disease, 24 post-
renal transplant recipients, and 28 control cases were included, with a mean age of 48.24 years. The predominant cause
of chronic kidney disease was chronic glomerulonephritis, followed by diabetes and hypertension. Serum levels of
calcium, phosphorus, parathormone, and vitamin D3 were assessed. Patients with chronic kidney disease exhibited a
mean serum calcium level of 8.37 mg/dL and phosphorus level of 4.25 mg/dL, while post-transplant patients had mean
levels of 8.17 and 4.15 mg/dL, respectively. A significant reduction in serum parathyroid hormone levels was observed
post-transplant (mean 8.13 U/dL) compared to patients with chronic kidney disease (mean 24.39 U/dL). No significant
changes were noted in vitamin D3 levels after transplantation. Regression analysis revealed an insignificant relationship
between serum calcium and phosphorus levels and parathyroid hormone levels. This study highlights the biochemical
imbalances associated with chronic kidney disease and the impact of renal transplantation on parathyroid hormone
levels, emphasising the need for regular monitoring and management of mineral bone disorder parameters in these
patient populations
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Intfroduction

Chronic kidney disease (CKD) is a multifactorial disease
complex and one of the most prevalent conditions, as not-
ed by L. Hu et al. [1]. CKD is characterised by abnormal
kidney function and a progressive decline in glomerular
filtration rate (GFR), leading to systemic complications.
These complications include anaemia, fatigue, weight and
muscle loss, and disturbances in calcium, phosphorus,
and hormone levels, particularly calcitriol and parathyroid
hormone (PTH). According to S. Ferndndez-Villabrille et
al. [2], bone is a metabolically active tissue undergoing
continuous remodelling, orchestrated by the dynamic in-
terplay between osteoblast and osteoclast cells. These cellu-
lar processes are modulated by a complex interaction of bi-
ochemical and mechanical factors, which are instrumental
in assessing bone remodelling. CKD is associated with the
development of mineral bone disorder (MBD), osteoporo-
sis, and fragility fractures, as noted by CY Hsu et al. [3].
Early in CKD (GFR <60 mL/min/1.73 m?), there is an in-
crease in serum phosphorus and a decrease in 1,25-dihy-
droxyvitamin D3 (1,25(OH),D), resulting in hypocalcae-
mia and elevated PTH levels. According to T. Liyanage et
al. [4], this compensatory mechanism aims to increase
phosphates excretion and normalise serum calcium levels.
Secondary hyperparathyroidism in CKD primarily results
from reduced 1,25(OH),D or hyperphosphataemia.
According to U.G. Hasparyk et al. [5], renal transplan-
tation can rectify many metabolic disturbances by normal-
ising phosphates excretion and restoring renal calcitriol
production. This process results in reductions in plasma
phosphates, PTH, and alkaline phosphates levels, as well
as the mobilisation of soft tissue calcifications. The main
biochemical abnormalities of mineral metabolism in kid-
ney transplantation (KTx) include hypophosphataemia,
hyperparathyroidism (HPTH), vitamin D insufficiency
or deficiency, and hypercalcaemia. However, certain ab-
normalities, such as hyperparathyroidism and osteopenia,
may persist following transplantation. Renal osteodystro-
phy, a common complication of CKD, manifests in various
forms, including osteitis fibrosa cystica (OFC), adynamic
bone disease, osteomalacia, and mixed osteodystrophy,

with OFC and mixed osteodystrophy being the most prev-
alent [6]. Hyperphosphataemia is also common and inade-
quately managed in CKD stage 5 [7].

Existing studies have shown variability in the assess-
ment of mineral metabolism parameters, including serum
calcium, phosphorus, parathyroid hormone (PTH), and
vitamin D levels, with differing results depending on study
populations, stages of CKD, and post-transplant condi-
tions. Some studies suggest significant post-transplant im-
provements in mineral metabolism, particularly PTH lev-
els, while others indicate persistent abnormalities despite
graft function. This inconsistency emphasises the need for
further research to establish a clearer understanding of the
pathophysiological changes and clinical implications of
mineral and bone disorders in both CKD patients and re-
nal allograft recipients. This study, conducted at a tertiary
care centre, aimed to investigate the association of miner-
al metabolism biomarkers in patients with CKD and renal
transplant recipients, utilising these noninvasive markers,
and to compare the findings with global literature.

Materials and Methods

This prospective study was conducted over a 24-month
period (June 2021 to June 2023) at a large tertiary care
hospital in a cosmopolitan city in India. Approval was
obtained from the Hospital Ethics Committee (Approval
No. INM/06/07), and informed consent was secured from
all participants prior to their inclusion in the study. A total
of 130 participants were enrolled, consisting of 78 patients
with chronic kidney disease (CKD), 24 renal transplant
recipients, and 28 controls. Patients with CKD were aged
22 to 70 years, with a mean age of 46 years, and a male-
to-female sex ratio of 2:1 (Table 1). Demographic charac-
teristics, including age, sex, and relevant medical history
such as underlying CKD etiology, disease duration, and co-
morbidities (e.g., hypertension and diabetes mellitus), were
collected at baseline through structured patient interviews
and a review of medical records. This information was ver-
ified against hospital records and entered into a secure da-
tabase for analysis.

Table 1. Sex distribution of CKD, renal transplant, and control cases

Females Males Total
CKD 25 53 78
Post-renal transplant 9 15 24
Controls 10 18 28

Source: compiled by the authors

Patients aged 20 to 80 years with CKD stages 3 to 5,
including those on maintenance haemodialysis (HD), and
post-renal transplant recipients with stable graft function
for at least 6 months were included in the study. Exclu-
sion criteria comprised patients with acute kidney injury
(AKI), recent infections, or those undergoing treatment
with medications affecting mineral metabolism, such as

bisphosphonates or calcimimetics. The sample size of 130
participants was determined through power analysis using
asignificance level (a) of 0.05 and a power of 80%, ensuring
the detection of meaningful differences in mineral metabo-
lism parameters between study groups.

Laboratory parameters related to mineral metabo-
lism were analysed, including serum calcium, phosphorus,
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1,25-dihydroxycholecalciferol (Vitamin D3), and intact
parathyroid hormone (iPTH) levels. Serum calcium and
phosphorus were measured using an automated colori-
metric method, 1,25-dihydroxycholecalciferol levels were
assessed using radioimmunoassay, and intact PTH levels
were quantified using a two-site chemiluminescent immu-
noassay (CLIA). All analyses were performed using SPSS
software (version 22.0). Data were tested for normality
using the Shapiro-Wilk test. Normally distributed contin-
uous variables were compared using independent t-tests,
while non-normally distributed data were analysed using
the Mann-Whitney U-test. Categorical variables were com-
pared using the chi-square test. Regression analysis was per-
formed to explore the relationships among serum calcium,

phosphorus, Vitamin D3, and PTH levels, with dependent
and independent variables clearly defined. Correlation
analyses included Pearson’s correlation for normally dis-
tributed data and Spearman’s correlation for non-normally
distributed data. Statistical significance was set at p <0.05.

Results

Renal transplant patients were aged 20 to 65 years, with a
mean age of 42.5 years, and 62.5% were male, resulting in a
sex ratio of 1.5:1. The mean age of all patients studied was
48.24 years, with a standard deviation of 14.13 years. For
CKD patients, the mean age was 51.59 years (SD 12.82),
and for transplant patients, it was 37.33 years (SD 12.82)
(Table 2; Fig. 1).

Table 2. Age distribution of CKD, renal transplant, and control cases

Age (Years) CKD Renal transplant Controls Total
20-29 06 06 02 14
30-39 09 10 15 34
40-49 15 04 08 27
50-59 19 02 03 24
60-69 28 02 00 30
70-80 01 00 00 01

Grand total 78 24 28 130

Source: compiled by the authors
TRANS 70 CKD

10

10 15

Frequency

Figure 1. Frequency of CKD and renal transplant patients

Source: compiled by the authors

Chronic glomerulonephritis was the leading cause of
CKD, accounting for 43.5% of cases, followed by diabetes
mellitus, hypertension, and other diseases. The average du-
ration of CKD from diagnosis was 2.5 years, ranging from 1

month to 5 years. Comorbidities in CKD patients included
diabetes mellitus, hypertension, ischaemic heart disease,
and chronic viral hepatitis caused by Hepatitis B and C vi-
ruses (Fig. 2).
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Figure 2. Leading causes of CKD

Source: compiled by the authors

Various investigations were conducted in CKD and
post-renal transplant patients, including serum calcium,
phosphates, parathormone, and vitamin D3 levels. The
mean serum calcium level in CKD cases was 8.37 mg/dL
(SD 0.92), ranging from 1.3 to 9.4 mg/dL, while post-trans-
plant cases had a mean serum calcium level of 8.17 mg/dL
(SD 1.09), ranging from 3.6 to 9.0 mg/dL (Fig. 3), which
depicts minimal reduction in mean calcium levels post
transplantation. For serum phosphorus, CKD cases had a

—

—

S.CALCIUM
SmwuruaN®oS

mean level of 4.25 mg/dL (SD 0.47), with a range of 3.4
to 5.6 mg/dL, compared to post-transplant cases, which
had a mean of 4.15 mg/dL (SD 0.51), ranging from 3.4 to
5.8 mg/dL (Fig. 4). The mean serum parathormone level in
CKD cases was 24.39 U/dLL (SD 41.8), ranging from 1.6 to
260 U/dL, whereas post-transplant cases had a mean level
of 8.13 U/dLL (SD 7.13), with a range of 2 to 24 U/dLL.
A significant reduction in serum parathormone levels after
transplantation was observed (p=0.001, CI 0.05) (Fig. 5).
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Figure 3. Serum calcium levels

Source: compiled by the authors
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Figure 5. Serum parathormone levels

Source: compiled by the authors
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Regression analysis was conducted to examine the re-
lationships between various variables. The relationship be-
tween serum calcium and phosphorus was found to be in-
significant (p>0.05), as was the relationship between serum
calcium and PTH levels (p=0.63). Similarly, the associations
between serum vitamin D3 and PTH levels (p=0.11) and
between serum vitamin D3 and calcium levels (p =0.11)
were also insignificant. The comparison between CKD and
post-transplant patients revealed a significant decline in
parathyroid hormone (PTH) levels in the post-transplant
group (mean PTH: 24.39 U/dLL in CKD vs. 8.13 U/dLL
in post-transplant; p=0.001), suggesting improved mineral
metabolism after transplantation. There were no signifi-
cant differences in serum calcium and phosphorus levels
between the two groups, although the post-transplant pa-
tients exhibited more stable control of these parameters.

The observed reduction in PTH post-transplant is clin-
ically relevant, as it indicates effective reversal of secondary
hyperparathyroidism and better bone-mineral regulation.
This finding has important implications for managing bone
health in CKD patients, suggesting that post-transplant
care should focus on maintaining this improvement to re-
duce the risk of renal osteodystrophy and associated frac-
tures. These results enhance understanding of mineral me-
tabolism in CKD and posttransplant patients and support
the need for tailored interventions to address disruption of
mineral and bone metabolism in CKD.

Discussion

This study included a cohort of 78 patients with CKD,
24 post-renal transplant patients, and 28 control cases.
The analysis of various biochemical parameters related
to MBD revealed significant insights, particularly in the
context of serum calcium, phosphates, vitamin D3, and
PTH levels. Each of these parameters plays a crucial role
in the management of CKD and the outcomes following
renal transplantation. In this study, the mean serum calci-
um level among CKD patients was 8.37 mg/dL (SD 0.92),
while for post-transplant patients, it was 8.17 mg/dL (SD
1.09). Both levels are below the normal range, indicating
potential disturbances in calcium metabolism. In con-
trast, A.K. Yadav et al. [8] reported a mean calcium level
of 9.5+ 0.6 mg/dL in their cohort, which was higher than
the levels observed in this study. The differences could be
attributed to variations in dietary intake, geographic fac-
tors, or differences in the patient population. The study by
A K. Yadav et al. [8] also demonstrated significant associa-
tions between vitamin D deficiency and calcium levels, re-
inforcing the notion that vitamin D status is a critical factor
influencing calcium homeostasis in CKD patients.

The mean serum phosphorus levels in this study were
4.25 mg/dL (SD 0.47) for CKD patients and 4.15 mg/dL
(SD 0.51) for post-transplant patients, both of which are
above the normal range. This is consistent with the find-
ings of C.P. Kovesdy et al. [9], who reported an association
between elevated serum phosphorus levels and anaemia
in kidney transplant recipients. In their analysis, every 1

standard deviation increase in phosphorus was linked to a
significant decrease in haemoglobin levels. This correlation
highlights the importance of managing phosphates levels
to prevent complications such as anaemia, a common is-
sue in CKD patients. Furthermore, the findings of Y. Doi et
al. [10] indicate that high phosphates levels, along with
parathormone levels predict poor renal outcomes in kidney
transplant patients. Their study underscores the need for
careful monitoring of phosphorus levels in this cohort, as
elevated phosphorus could lead to increased cardiovascu-
lar risk and graft dysfunction. A. Rastogi et al. [11] suggest
an integrated approach to phosphorus control in CKD pa-
tients on dialysis by incorporating measurements of calci-
um, phosphorus, and PTH along with correlations between
dietary adjustments and CKD-MBD drugs, which facilitate
improved patient management. A study by M. Conley et
al. [12] emphasises the role of dietary phosphates intake in
renal disease patients. The study concluded that levels of
total dietary phosphates intake showed no statistically sig-
nificant relationship with biochemical markers of bone and
mineral metabolism or intermediate cardiovascular mark-
ers. This finding mandates further extensive research into
this group of patients.

This study reported the mean serum vitamin D3 lev-
els of CKD patients as 45.21 U/dLL (SD 36.74), with a
range of 1.8 to 149 U/dLL, while post-transplant patients
had a mean vitamin D3 level of 30.14 U/dLL (SD 33.06),
ranging from 1.2 to 122 U/dLL. Notably, the comparison
of serum vitamin D3 levels between CKD and post-trans-
plant patients showed no significant change after trans-
plantation (p = 0.06, CI 0.05). This finding suggests that,
despite successful transplantation, vitamin D3 levels may
not improve significantly, which contrasts with expecta-
tions of enhanced vitamin D metabolism following renal
transplantation. In the study by C.S. Kim et al. [13], vita-
min D deficiency was prevalent among CKD patients, with
76.7% of stage 1 CKD patients exhibiting deficiency. This
indicates that vitamin D status may remain a concern even
after transplantation, potentially due to ongoing metabolic
alterations or insufficient dietary intake. Additionally, the
observations of A.K. Yadav et al. [8] reinforce the signifi-
cance of vitamin D in maintaining calcium and phospho-
rus balance. Their findings revealed that lower vitamin D
levels were associated with reduced serum calcium levels,
which could explain the suboptimal vitamin D3 levels in
both CKD and post-transplant patients in this study. Fur-
thermore, the impact of vitamin D on bone health and its
correlation with PTH levels in this study suggest that in-
terventions aimed at correcting vitamin D deficiency could
improve PTH levels and overall mineral metabolism in
CKD patients. Regular assessment and supplementation of
vitamin D may, therefore, be necessary to manage MBD in
this population effectively.

The mean serum PTH level in this study for CKD pa-
tients was 24.39 U/dLL (SD 41.8), which decreased signifi-
cantly to 8.13 U/dLL (SD 7.13) post-transplant (p=0.001).
This finding is consistent with Y. Doi et al. [10], who found
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that high iPTH levels are associated with poor renal out-
comes. In their study, they reported that elevated PTH
levels can indicate underlying metabolic disturbances that
may impact graft survival. In comparison, H. Komaba et
al. [14] reported a mean iPTH level of 58.4 £ 32.9 ng/mL,
significantly higher than the levels observed in this CKD
cohort. This discrepancy may suggest that the patients in
this study might have been at an earlier stage of MBD or
that the treatment and dietary management of CKD pa-
tients differed between the studies. It also emphasises the
importance of regular monitoring and management of PTH
levels to prevent complications associated with secondary
hyperparathyroidism. A study conducted in Japan recom-
mends parathyroid interventions, such as parathyroidecto-
my and percutaneous ethanol injection therapy, for mineral
disorders that are not managed by pharmacological means.

E Lietal. [15] supported the correlation between iPTH
levels and anaemia severity, suggesting that interventions
targeting PTH levels may improve haemoglobin levels. In
the findings of the current study, the significant reduction in
PTH levels post-transplant could potentially lead to similar
improvements in anaemia, highlighting the interconnect-
edness of these parameters. J. Malyzko et al. [16] discussed
the challenges in assessing calcium and phosphates levels in
kidney transplant recipients, indicating a potential gap in
monitoring bone metabolism parameters post-transplant.
This underscores the importance of regular evaluation of
PTH and other mineral metabolism markers, as highlight-
ed in this study, to prevent complications such as secondary
hyperparathyroidism.

M. Fusaro et al. [17] surveyed 106 Italian nephrolo-
gists, providing valuable insights into the clinical practices
surrounding the management of CKD and secondary hy-
perparathyroidism (sHPT). Their findings present a stark
contrast to those of the current study. In this research,
which involved CKD and post-renal transplant patients,
significant variations were observed in calcium, phospho-
rus, and PTH levels, as well as in the relationships among
these parameters. Notably, the current study reported a
mean serum calcium level of 8.37 mg/dL in CKD patients,
which is relatively lower than the normal range, indicating
potential hypocalcaemia. This contrasts with the findings
from the Italian nephrologists’ survey, which highlighted
high accessibility to ionised calcium and PTH measure-
ments, suggesting that nephrologists in Italy have the re-
sources to closely monitor these critical parameters.

K. Nakai et al. [18] emphasised the role of persistent
hyperparathyroidism concerning graft function. The find-
ings of this study, particularly the significant reduction in
PTH levels posttransplant, support the view that effective
management of PTH levels is crucial for optimising graft
function and improving patient outcomes. While biochem-
ical markers are essential in monitoring bone health, bone
histomorphometry remains the gold standard for assessing
bone turnover. However, it is rarely performed in routine
clinical practice. Bone turnover markers (BTMs) could
serve as a much-needed, non-invasive diagnostic tool to

bridge the therapeutic gap for patients with advanced CKD
and bone fragility [19]. Future research comparing the effi-
cacy of bone histomorphometry and BTMs will likely yield
useful insights. Other indicators of bone turnover, such as
dual-energy X-ray absorptiometry (DEXA), have not been
found to be reliable markers in this context [20].

This study demonstrated that abnormalities in miner-
al metabolism, particularly elevated PTH levels, in CKD
patients significantly improve following renal transplan-
tation. The stabilisation of calcium and phosphorus lev-
els post-transplant highlights the effectiveness of restored
kidney function in mitigating CKD-MBD. These findings
underscore the importance of monitoring and managing
mineral imbalances to enhance long-term bone health out-
comes in both CKD and post-transplant patients.

Conclusions

This study contributes to the understanding of MBD pa-
rameters in CKD and post-renal transplant patients. It
highlights significant differences in key markers of mineral
metabolism between these groups. In CKD patients, the
mean serum PTH level was markedly elevated at 24.39 U/
dLL (SD 41.8), while post-transplant patients exhibit-
ed a significantly lower mean PTH level of 8.13 U/dLL
(SD 7.13), indicating a statistically significant reduction
(p=0.001). Similarly, the mean serum calcium levels were
slightly higher in CKD patients (8.37 mg/dL, SD 0.92) com-
pared to post-transplant patients (8.17 mg/dL, SD 1.09),
although this difference was not statistically significant.
Serum phosphorus levels followed a similar trend, with
CKD patients recording a mean of 4.25 mg/dL (SD 0.47),
while post-transplant patients had a mean of 4.15 mg/dL
(SD 0.51). Despite the minor differences in calcium and
phosphorus levels between the groups, the most notable
improvement post-transplant was the significant decline
in PTH levels, reflecting enhanced control of bone-mineral
metabolism. These results underscore the critical impact
of renal transplantation on normalising mineral metabo-
lism, particularly the reversal of secondary hyperparathy-
roidism, which plays a key role in managing CKDMBD and
reducing the risk of complications such as renal osteodys-
trophy. Regular assessment of vitamin D status should also
be integrated into management plans, given its pivotal role
in calcium and phosphorus homeostasis. As understanding
of the complex interactions among these parameters im-
proves, it will be essential to implement targeted interven-
tions aimed at optimising mineral metabolism in CKD and
transplant populations to enhance patient outcomes and
quality of life. Future studies should focus on longitudinal
data to evaluate the long-term effects of managing these pa-
rameters on clinical outcomes.
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Acouiauis 6iomapkepis MiHEPAABHOIo 06MiHYy
Y NALLIEHTIB 3 XPOHIYHOIO XBOPOO6OIO HUPOK
TA peUUNiEHTIB HUPKOBOrO TPAHCNAQHTATA:
OAHOLLEHTPOBE NMPOCNEKTUBHE AOCAIAXKEHHS

Iaypas Boxpa

AOKTOP MEAMYHMX HAYK, AOLLEHT, KANITAH-Xipypr
[HCTUTYT BIMCbKOBO-MOPCbKOI MEAMLIMHM

400704, WW26+FHF KeraoH, m. Hasi Mym6ai, IHAis
https://orcid.org/0000-0001-9608-7312

Haramaxenpapan Pagkengpan

AMMOAOMAOHT HOLOHOABHOT PAAM, AOLLEHT, KOMAHAMP KPUAQ
[OCMITAAb BIMCbKOBO-MOBITPAHMX CUA

400704, WV5V+7X8, Axaysa, KiLuaH M'xaTt, m. PQAXACTAH, IHAIS
https://orcid.org/0000-0002-9854-7236

Anmxy Kymapi
MaricTtp xipyprii, KOHCYAbTAHT-OJDTAABMOAOT
OdOTAABMOAOTIYHA AIKAPHS AGKCMI

Myaaa Xamia Poya, m. Hasi Mym6ai, IHAIS
https://orcid.org/0009-0006-7447-0277

AHoTauig. LiricHa ouiHka mapameTpiB MiHepalnbHMX MOPYIIEHb KiCTKOBOI TKaHMHM, BKIIOYAKOUM CUPOBATKOBUIL
KaspLiit, gocdop, maparropmon i 1,25-gurigpoxcusiramin D, MO>ke IIPOrHO3yBaTM HMPKOBI HAC/IIIKM Y PeLVITIEHTIB
HJYPKOBOI'O TpPAHCIUIAaHTaTa, XOdYa pe3yIbTaTy BapiloloTb. MeTOH IbOro AOCIiIpKeHHA Oyno ouimty 6ioximivi
IapaMeTpy MiHepaJbHUX MOPYIIEHb KiCTKOBOI TKaHMHMU y IAL[i€EHTIB 3 XPOHIYHOI XBOPOOOI0 HUPOK Ta PeLUIIE€HTIB
HJPKOBOI'O TPaHCIUIAaHTaTa. Bcboro Oyl1o BKIIOYEHO 78 IAIi€HTIB 3 XPOHIYHOI0 XBOPOOOIO HUPOK, 24 peluIieHTH
mic/IA TpaHCIUIaHTalii HUpKM Ta 28 0cib KOHTPONBHOI IPyIM, cepefHiil Bik sAKuX cTaHOBUB 48,24. IlepeBa>kHOIO
IIPUYVMHOI0 XPOHIYHOI XBOpOOM HUPOK OYB XpOHIUHMII ITIOMepy/l1oHedpuT, 3a AKUM ClifyBamu Aiaber i rimeproHis.
Byno onineno piBHi kKanblio, pocdopy, maparropmony ta Biraminy D3 y cuposarii kpoBi. Y maljieHTiB 3 XpoHiYHMMMU
3aXBOPIOBAHHAMM HUPOK CepelHiil piBeHb Ka/bliilo B CMPOBaTLi KpoBi cTaHOBUB 8,37 Mr/mj, a pocdopy — 4,25 mr/p,
TOZI AK y MAI[i€eHTIiB Mic/IA TpaHCIUTaHTaLii cepenHiit piBeHb cTaHoBYB 8,17 i 4,15 Mr/p1 BigmoBifHO. 3HaYHE 3HIDKEHHA
PiBHA IIapaTTOPMOHY B CHPOBATLi KPOBi clIoCTepiranocs y manieHTiB nmicia TpanciianTanii (B cepegabomy 8,13 Op/m)
IIOPIiBHAHO 3 MAlliEHTaMM 3 XPOHIYHOI XBOP060I0 HUPOK (B cepenrboMy 24,39 Opn/mn). ITicna tpaHciianTtanii He 6yno
BifMi4€HO CYTTEBUX 3MiH y piBHi BiTaminy D3. Perpeciiinnii anais BUABMB HE3HAYHUI 3B’ 30K MK PiBHAMM Ka/IbLIO i
¢docopy B cupoBartii KpoBi Ta piBHeM IIapaTropMoHy. e nocmimKeHHA BUCBITIIOE OioXiMiYHMIT A1IcOaIaHC, OB A3aHNI
3 XPOHIYHMMM 3aXBOPIOBAHHAMM HUPOK, Ta BIUIMB TPaHCIUIAHTALl HMPKM Ha PiBeHb IapaTTOPMOHY, IiJKPeC/II00YN
HeOOXiHICTb pery/IIpHOr0 MOHITOPMHIY Ta yIpaB/IiHHA IapaMeTpaMy MiHepaJbHUX IOPYIIeHb KiCTKOBOI TKaHMHU Y
LUX ITONY/IALIAX MALLEHTIB

KAloH4OBi CAOBQ: 6ioMOTIEKY/IsIpHI TOKa3HMKY; MiHEpa/IbHi IIOPYIIeHHs KiCTKOBOI TKAaHMHMI; TOPMOHAIbHMIA cOamaHc
NIpY 3aXBOPIOBAaHHAX HUPOK; 1,25-iurigpokcusitamin D
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Abstract. The study aimed to evaluate the impact of antioxidants on the morphological and functional properties of
oocytes in rats under conditions of systemic inflammation, focusing on their potential to reduce oxidative stress and
improve reproductive health. A female rats at three weeks of age were used as experimental models and divided into three
groups: control, systemic inflammation-induced, and antioxidant-treated groups. Human chorionic gonadotropin was
administered to stimulate superovulation, and oocytes were isolated for analysis. Morphological changes in oocytes were
assessed using immunofluorescence staining, while mitochondrial function and oxidative stress were evaluated using JC-1
dye detection kit. Fertilisation rates and oocyte maturation stages were compared among the groups. All experiments
adhered to international ethical standards for animal research. Systemic inflammation led to ovarian atrophy, decreasing
ovarian weight to 0.3 g, which reflects a reduction in follicle number and oocyte quality. This resulted in a 30% reduction
in fertilisation rates. Antioxidant therapy helped restore ovarian weight to 0.4 g, improving oocyte morphology and
increasing the proportion of oocytes achieving metaphase to 75%, demonstrating the protective effect of antioxidants.
The fertilisation rate improved to 65% in the antioxidant-treated group, indicating a protective effect against oxidative
damage and inflammation. The findings highlight the potential of antioxidants in modulating apoptosis pathways,
reducing oxidative stress, and enhancing mitochondrial function, which collectively improved oocyte quality and
reproductive outcomes. Antioxidant therapy demonstrated substantial benefits in mitigating the effects of oxidative stress
and inflammation on oocytes, promoting normal maturation and increasing fertilisation success. These results underscore
the therapeutic potential of antioxidants for treating infertility associated with inflammatory conditions

Keywords: post-ovulatory ageing; egg; antioxidant; oxidative imbalance; citrus nutrients

Intfroduction

The need to investigate the effect of antioxidants on oo-
cyte quality is due to the growing problem of infertility in
modern society. Among the factors that negatively affect
reproductive function, special attention is drawn to pos-
tovulatory ageing of oocytes which is caused by a decrease
in their quality after ovulation. Recent trends show that
women are increasingly delaying the time when they will
become mothers. This has led to an increase in the number
of women whose oocytes undergo quality changes due to
age factors. The ageing of oocytes after ovulation is an im-
portant factor limiting the success of assisted reproductive

Suggest Citation:

technologies. The quality of an oocyte directly affects its
ability to fertilise and further develop the embryo. A study
by B. Bibak et al. [1] showed that long-term storage of oo-
cytes without fertilisation leads to their progressive deteri-
oration, which is described as postovulatory ageing. This
phenomenon is accompanied by a number of pathological
changes that negatively affect fertility. These changes in-
clude mitotic spindle abnormalities, chromosome integrity
disorders, mitochondrial dysfunction, and changes in ion
concentration that affect normal oocyte function. Oxida-
tive stress is one of the key causes of reduced oocyte quality
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during ageing. In particular, as pointed out by B. Bibak et
al. [1], the accumulation of reactive oxygen species that
negatively affect the structure and function of oocytes
causes an oxidative imbalance, which substantially reduc-
es female fertility. A paper of V.R. Askari et al. [2] show
that reactive oxygen species cause oxidative damage, which
leads to the destruction of cell membranes, a decrease in
the energy potential of mitochondria, and changes in the
genetic material of oocytes. The discrepancy between the
production of reactive oxygen species and the mechanisms
of antioxidant protection is an important factor leading to
the development of oxidative stress. This can cause various
defects in germ cells, such as mitotic spindle abnormalities
and chromosomal aberrations, as stated by V.R. Askari et
al. [3]. Postovulatory ageing of oocytes is an inevitable pro-
cess associated with the duration of their stay in culture af-
ter ovulation. A study by S. Fiorito [4] demonstrates that
the duration of oocyte storage without fertilisation sub-
stantially affects their quality and potential for fertilisation.
Recent studies confirm that oxidative stress negatively
affects the metabolic processes that affect the functioning of
oocytes, and further research is needed to protect them [5].
As noted by Z. Tayarani-Najaran et al. [6], in assisted repro-
ductive technologies actively used for infertility treatment,
oocyte manipulation is critical, as the technical aspects of
the procedure can expose oocytes to additional stress and
increase oxidative damage. This highlights the importance
of using antioxidants that reduce reactive oxygen species
levels, protect oocytes from oxidative stress, and improve
their survival and quality, as indicated by H. Kobayashi et
al. [7]. The results of such studies can substantially affect
clinical practice in the field of reproductive medicine and
open up new prospects for improving the quality of germ
cells and the prognosis of reproduction, as emphasised by
M. Igase et al. [8]. S. Galluzzi et al. [9] demonstrated that
the examination of the effects of aurapten is an important
step in the search for new therapeutic approaches to im-
prove the success of assisted reproductive technologies.
Assisted reproductive technologies in vitro can lead to
an increase in oxidative stress due to the technical features
of manipulations and the lack of endogenous protection
systems. Oxidative damage can cause oocyte apoptosis,
which negatively affects the fertilisation process and em-
bryo development. In this context, the use of antioxidants
can be a safe and effective strategy for slowing or preventing
oocyte ageing by reducing oxidative stress. Understanding
the mechanisms by which antioxidants act may provide
new insights into their potential to improve germ cell qual-
ity. Among the many antioxidants examined for their ef-
fects on oocytes, aurapten (7-geranyloxycoumarin) stands
out as a promising candidate. This naturally occurring bio-
logically active compound, derived from citrus fruits, has a
wide range of pharmacological properties, including anti-
oxidant, anti-inflammatory, antitumour and neuroprotec-
tive effects. Aurapten can protect cells from oxidative stress
by reducing reactive oxygen species and restoring normal
mitochondrial function. However, despite these promising

data, there are not enough studies evaluating the effect of
aurapten on postovulatory ageing of oocytes and embryo
development in vitro. The study aimed to investigate the
effect of antioxidants on the morphological and functional
properties of oocytes in rats under conditions of systemic
inflammation.

Literature Review

Oxidative stress is an important aspect in reproductive
medicine research because it directly affects the quality of
germ cells. V. Di Nisio et al. [10] note that postovulatory
ageing of oocytes can impair their quality, making it dif-
ficult to fertilise and develop embryos both in vivo and in
vitro. C. Yu & J.-H. Xiao [11] draw attention to the Keapl-
Nrf2 system, which may be a target for therapy that increas-
es antioxidant protection in older women. K.-H. Kim et
al. [12] established that GAS6 improves mitochondrial
function in old oocytes by reducing meiotic defects, poten-
tially improving germ cell quality. A. Almansa-Ordonez et
al. [13] focus on the effect of oxidative stress on the energy
metabolism of oocytes, which negatively affects their via-
bility. M. Khazaei & F. Aghaz [14] showed that antioxidants
during in vitro oocyte maturation reduce oxidative stress,
improving their quality, which is critical for the success
of reproductive technologies. A. Cecchele et al. [15] con-
sider the cellular and molecular nature of fragmentation
of human embryos. Their study highlights that fragmen-
tation may be the result of oxidative stress affecting both
oocytes and embryos, suggesting the need to develop new
approaches to improve their quality.

Oxidative stress substantially affects the quality of oo-
cytes and, in general, the reproductive health of women,
especially in the context of polycystic ovary syndrome.
M. Abizadeh et al. [16] investigated the possibility of us-
ing aurapten to improve oocyte maturation, increase fer-
tilisation, and reduce inflammatory processes in a mouse
model of polycystic ovary syndrome. The results of their
study suggest the potential use of aurapten as a therapeutic
agent to improve reproductive function. Y. Jang et al. [17]
analysed the effect of aurapten on behavioural aspects in
experimental models of Parkinson’s disease, emphasising
its ability to protect mitochondrial respiration from in-
hibition and reduce the level of reactive oxygen species.
This opens up prospects for the use of aurapten not only in
neurological disorders but also in the field of reproductive
medicine because mitochondrial stress substantially af-
fects the quality of oocytes. M.]. Lee et al. [18] established
that aurapten promotes the activation of antioxidant en-
zymes and improves connectivity in brain endothelial cells,
which helps reduce mitochondrial stress and enhance cel-
lular function. This may be an important mechanism for
improving oocyte maturity and functionality in the con-
text of ageing. E.H. Hassanein et al. [19] examined the role
of coumarins, such as aurapten, in regulating the Keap1/
Nrf2/ARE pathway, emphasising the ability to stimulate
antioxidant protection in cells, which can positively affect
oocyte quality.
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N. Akino et al. [20] investigate the effect of dimethyl
fumarate on the activation of the Nrf2/Keapl pathway,
evaluating its ability to reduce oxidative stress and delay
the development of age-related infertility in the ovaries of
mice, emphasising the importance of antioxidant mech-
anisms for maintaining reproductive function with age.
E. Fonseca et al. [21] investigate the effect of urolithin A
on slowing the ageing of bovine oocytes in vitro, which can
improve the quality of oocytes and increase reproductive
efficiency in animal husbandry. Y. Furukawa et al. [22]
show that aurapten stimulates the expression of brain
neurotrophic factor in Neuro2a cells, indicating a possi-
ble neuroprotective effect and protection of oocytes from
oxidative stress. G. Shimoi et al. [23] state that spindle
destabilisation can cause aneuploidy in senescent oocytes,
which is important for ensuring the quality of germ cells.
D. Zhang et al. [24] emphasise the role of mitochondrial
changes in oocyte ageing, which requires further research
to understand these processes.

J. van der Reest et al. [25] emphasise the important
role of mitochondria in oocyte ageing, noting that main-
taining their activity is key to preventing age-related
defects in oocytes. Oxidative stress substantially affects
women’s reproductive function. J. Lu et al. [26] consid-
er the mechanisms of its negative effects, focusing on the
violation of the balance between reactive oxygen species
and antioxidant protection, which can lead to a deterio-
ration in the quality of oocytes. A.T. Perkins et al. [27]
investigate the role of superoxide dismutase in reducing
meiotic errors in senescent oocytes, which highlights the
prospects for antioxidant therapy for genetic stability.
S. Armstrong et al. [28] discuss the importance of tech-
nologies such as time laps systems for monitoring em-
bryos in reproductive procedures, which can increase the
chances of successful fertilisation. C. Lagalla et al. [29]
highlight the importance of atypical patterns of partial
embryo compression, paying attention to their prevalence
and possible influence on the results of reproduction. This
study highlights the importance of analysing the mor-
phokinetic features of embryo development in improving
assisted reproductive technology protocols. The results
of these studies confirm the importance of antioxidant
therapy and the latest technologies in assisted reproduc-
tive procedures for improving the quality of oocytes and
the overall effectiveness of infertility treatment. Given the
role of oxidative stress, such approaches can be substan-
tial components in preventing age-related changes in the
female reproductive system.

Materials and Methods

The study was conducted by an author affiliated with
Ukraine, with experimental work performed in collabo-
ration with facilities in the Republic of Korea. The study
used the female rats at three weeks of age purchased from
Koatech, which is located in Phentek, Gyeonggi Province,
Republic of Korea. The animals were kept in appropri-
ate conditions at the Cha University Laboratory Animal

Research Centre, where a standard temperature regime
and humidity level were maintained. The rats were in con-
ditions that mimic the natural rhythm, in particular, the
12-hour cycle of light and dark, which contributes to the
normalisation of physiological processes in the animals. 10
IU of human chorionic gonadotropin was administered to
stimulate superovulation, which was purchased from Sig-
ma-Aldrich, St. Louis, Missouri, USA. After the preparato-
ry stage, which included anaesthesia, an abdominal autopsy
was performed and oocytes were removed from the ovaries
and isolated from follicular cells using the hyaluronidase
enzyme (Sigma-Aldrich). Isolation ensured the purity of
the samples for further analysis, eliminating follicular cells
that could affect the results of the study.

Immunofluorescence staining was used for detailed
analysis of morphological changes in oocytes. Oocytes
were treated with a phosphate buffer with the addition of
0.1% polyvinyl alcohol, which prevented precipitation and
ensured the uniform application of the solution to the sam-
ples. The samples were then fixed in a 4% paraformalde-
hyde solution, which stabilised the cell structures for fur-
ther processing. For the purpose of permeability, a solution
of Triton X-100 (0.2%) was used, which facilitated the pen-
etration of antibodies into intracellular structures. Incuba-
tion with the primary antibody against a-tubulin (Santa
Cruz Biotechnology) was conducted at a concentration of
1:100 at a temperature of 4°C overnight, which provided
high specificity and sensitivity of staining. After thorough
washing of the samples, they were treated with a secondary
antibody obtained from goat anti-mouse IgG, labelled with
Alexa Fluor 488 fluorescent dye at a concentration of 1:100.
The dye 4’6-diamidine-2-phenylindole (Sigma-Aldrich)
was used to visualise the nuclear material, which clearly
stained the nuclei. The image was obtained using a Leica
TCS SP5 II confocal microscope (Germany), which al-
lowed obtaining high-quality images with high resolution
for further analysis.

The functional state of mitochondria was evaluated
using JC-1 dye, which allowed determining the membrane
potential of mitochondria (AWm). Oocytes were incubat-
ed in M16 medium with the addition of JC-1 (1 pg/ml) at
37°C for 30 minutes, which contributed to the maximum
accumulation of dye in mitochondria. After incubation,
fluorescent signals in the red and green channels were ana-
lysed to determine the relative membrane potential. Reac-
tive oxygen and glutathione levels were determined using
the OxiSelect™ kit (STA-342, Cell Biolabs, San Diego, USA)
and CELLTRACKER™ blue CMF2HC dye (Invitrogen),
which provided high sensitivity and specificity in the meas-
urements. Oocytes were cultured in M16 medium with the
addition of dichlorodihydrofluorescein diacetate for 30
minutes, after which detailed analysis was performed using
confocal microscopy to assess the fluorescent signal indi-
cating the level of oxidative stress in the samples.

All experiments were conducted in accordance with
international ethical standards, including the animal re-
search guidelines: Reporting of In Vivo Experiments [30]
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and Recommendations of the Cha University Ethics Com-
mittee [31] aimed at the humane treatment of laboratory
animals and minimising their suffering.

Results and Discussion

Antioxidants were identified to substantially improve re-
productive health by reducing the harmful effects of oxi-
dative stress. Oxidative stress occurs due to an imbalance
between the production of free radicals and antioxidant
protection, which causes damage to cells, including oocytes,
and can negatively affect their quality and ability to fertil-
ise. For example, vitamins C and E, and substances such
as coenzyme Q10, can neutralise free radicals, improving
the functioning of cell membranes and maintaining their
integrity. This is extremely important for oocytes, which
are vulnerable to oxidative damage because they contain
a substantial amount of unsaturated fatty acids and other
components that are subject to oxidation. In addition, this
study examined the effect of antioxidant therapy on oocyte
apoptosis processes. Inflammation can stimulate signalling
pathways that trigger the cell death programme, leading to
the loss of functional oocytes. The use of antioxidants can
have a protective effect, preventing the activation of these
pathways and maintaining cell viability.

Figure 1 shows a comparison of ovarian weight in three
groups: the control group, the group with induced systemic
inflammation, and the group receiving antioxidants. In the
control group, the ovarian mass was 0.45 g, which indicates
anormal state of the reproductive system. In the group with
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induced inflammation, the ovarian mass decreased to 0.3 g,
which indicates ovarian atrophy under the influence of an
inflammatory process that disrupts endocrine regulation,
which is critical for the proper functioning of the ovaries.
This weight loss reflects a decrease in the number of follicles
and a deterioration in their morphology and functionality,
which can substantially affect the quality of oocytes. In the
group that received antioxidant therapy, ovarian weight in-
creased to 0.4 g, which demonstrates the protective effect of
antioxidants. Restoring ovarian weight is vital to maintain-
ing reproductive function, as positive dynamics indicate
the ability of antioxidants to prevent atrophic changes in
the ovaries, maintaining their morphological integrity and
functional state.

Figure 2 describes in detail the process of nuclear
maturation of oocytes, including the stages of metaphase
and anaphase. In the control group, normal organisation
of chromosomes was observed in oocytes that were at the
metaphase stage, indicating readiness for division. The
chromosomes were correctly aligned on the equatorial
plate, which is crucial for the successful division and fur-
ther development of embryos. A substantial number of oo-
cytes with abnormal maturation were found in the group
with induced inflammation. They had an uneven distribu-
tion of chromosomes and a large number of oocytes with
disorders in the organisation of the division spindle. This is
a serious indicator of the negative impact of the inflamma-
tory process on the quality of oocytes, which can lead to a
decrease in their ability to fertilise.
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Figure 1. Comparison of rat ovarian mass by group
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Figure 2. Comparison of the proportion of oocytes in metaphase between groups

Source: compiled by the author

68 International Journal of Medicine and Medical Research, 2024, Vol. 10, No. 2



Stewart

In the antioxidant-treated group, there was a sub-
stantial improvement in the morphological and function-
al parameters of oocytes. The proportion of oocytes that
successfully achieved the correct metaphase increased
to 75%. This indicates a positive effect of antioxidants on
the maturation process of oocytes, which is important for
ensuring their ability to fertilise. Reducing the frequency
of abnormal oocytes in this group highlights the effective-
ness of antioxidant therapy in maintaining normal oocyte
maturation, which contributes to the preservation of their
reproductive function. The quality of oocytes that mature
is an important factor for successful fertilisation and fur-
ther development of embryos, so the results of the study
are of great scientific and practical importance. In addi-

tion, a detailed analysis of the ability of oocytes to fertilise
and further develop embryos was conducted as part of the
study. As shown in Figure 3, in the control group of un-
treated rats, the fertilisation rate was relatively high, with
the median rate approaching 80%. This indicates a favour-
able oocyte quality that supported successful fertilisation.
However, in the group of rats with systemic inflamma-
tion, the fertilisation rate was significantly reduced, with
the median rate around 30%, reflecting a marked decrease
in oocyte quality likely due to inflammation-induced ox-
idative stress. In the group receiving antioxidant therapy,
the fertilisation rate improved, with a median rate of ap-
proximately 65%, indicating a protective effect of antioxi-
dants in enhancing oocyte quality and fertilisation success.
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= wu [ ~ ®
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Figure 3. Comparison of fertilisation success between groups

Source: compiled by the author

In the group that received antioxidant therapy, the fer-
tilisation rate increased to 65%. These results indicate that
antioxidants have a pronounced positive effect on repro-
ductive performance, as they contribute to improving the
quality of oocytes and their ability to fertilise. The improve-
ment in this indicator can be explained by an improvement
in the morphological characteristics of oocytes, as well as
an increase in their resistance to stressful conditions caused
by the inflammatory process. It is important to emphasise
that antioxidants not only protect oocytes from oxidative
damage but can also modulate the mechanisms that reg-
ulate apoptosis and inflammation, thereby reducing the
risk of loss of viable oocytes. Thus, the results of the study
point to the important role of antioxidants in maintaining
reproductive health. Antioxidant therapy has demonstrat-
ed the ability not only to improve the quality of oocytes
but also to increase their reproductive properties. This is of
great clinical importance, as it opens up opportunities for
creating new therapeutic strategies aimed at treating infer-
tility associated with inflammatory conditions. The study
highlights the role of antioxidants as possible protectors
of oocytes against damage caused by oxidative stress and
inflammatory processes, which is crucial for maintaining
their structure and functionality.

The study by M. Khazaei & F. Aghaz [14] emphasises
the importance of antioxidants during pregnancy, which
correlates with the results obtained, which indicate the
ability of antioxidants to reduce the risk of inflammatory

processes that can negatively affect reproductive health.
The collected data indicate that the use of antioxidants may
have a positive effect on pregnancy outcomes, reducing the
risk of complications, which is confirmed by a decrease in
inflammatory markers in animals treated with antioxidant
therapy. A paper of C. Lagalla et al. [29] indicates that the
parallels with the effects of antioxidants at the cellular lev-
el demonstrate their ability to reduce oxidative stress and
improve the overall health of organisms. This confirms the
effectiveness of antioxidant strategies in improving repro-
ductive health and preventing the negative effects of inflam-
matory processes in various biological systems. A study by
S. Galluzzi et al. [9] shows that citrus phytonutrients have a
positive effect on cognitive and biological processes, espe-
cially in the context of age-related cognitive decline, which
confirms the importance of natural antioxidants in reduc-
ing oxidative stress. K.-H. Kim et al. [12] established that
the GAS6 protein is able to improve mitochondrial func-
tion and prevent meiosis defects in oocytes in older mice,
which indicates the prospects for using antioxidant ther-
apies to improve oocyte quality in the age group. A paper
of Y. Jang et al. [17] emphasises the protective properties
of aurapten, which reduces oxidative stress and prevents
inhibition of mitochondrial respiration, which also con-
firms the positive effect of antioxidants in various biolog-
ical systems. Lastly, N. Akino et al. [20] indicate activa-
tion of the Nrf2/Keapl pathway, which reduces oxidative
stress and may delay age-related infertility in mice after the
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administration of dimethylfumarate. This supports the
conclusion that antioxidant therapy can have a positive ef-
fect on reproductive health by reducing oxidative stress and
improving oocyte quality.

The results of this study highlight the potential of an-
tioxidants as therapeutic agents to improve oocyte quality
and women’s reproductive health. The use of antioxidants
can be an important step in creating new approaches to in-
fertility treatment, especially in women with concomitant
inflammatory diseases. The key aspect is the determination
of optimal doses and methods of administration of antioxi-
dants, which requires further study. Thus, the results of the
study not only deepen understanding of the role of antiox-
idants in reproductive medicine but also open up new op-
portunities for clinical applications in improving women’s
reproductive health.

Conclusions

The results of the study showed that the use of antioxidants
helps to reduce the effects of oxidative stress, which is key
to normalising the process of oocyte maturation, in par-
ticular, in conditions when this process is disrupted due to
inflammation. Under conditions of inflammation, oocyte
maturation is substantially disrupted, particularly the ab-
normal division of chromosomes and the violation of the
organisation of the division spindle. Antioxidants, in turn,
can help reduce the frequency of abnormal oocytes and im-
prove their ability to fertilise. The use of antioxidant therapy
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OKJCJIIOBa/IBHUIL CTpecC i IOKpalyBaT! penpoAyKTUBHE 30POB’sA. SIK eKcllepyMeHTa/lbHi Mofieni 6y/I0 BUKOPUCTAHO
TPUTVDKHEBUX CaMOK IYPiB, AKMX PO3IiININ Ha TPYU IPYNN: KOHTPOJIbHY; TPYILY, BUK/IMKAHY CUCTEMHUM 3alla/leHHAM;
Ipymy, IO OTpPMMYyBaja aHTMOKCUJAAHTHU. 1A CTUMynALil CynepoBynALil BBOGMBCA XOPiOHIYHMII TOHAJOTPOIIH
JIOAVIHY, TOTIM 6Y/I0 BUAIEHO oOoUWUTU JIA aHauisy. Mopdororiuni sMiHM B 0OIMTaX OLIHIOBAaIMCS 3a JJOIOMOTIOIO
imyHOodnyopecuentHoro QapOyBaHH:A, TOfi fAK (PYHKIiI0 MITOXOHApIl Ta OKMUCIIOBAJIbHUII CTpeC OLHIOBAaIMCA 3a
TOIIOMOTrOI0 Habopy [ BuABIeHH:A 6apBHMKa JC-1. Y rpynax nopiBHIoBasIcs piBeHb 3aIUTiTHEHHA Ta CTafii fo3piBaHHA
0OIMTIiB. YCi eKCIepuMeHTM BifnoBifanmy MDKHApOZHMM €TUYHNUM CTaHAApTaM HOCIiIKeHb Ha TBapmHax. CucteMHe
3armajeHHs Ipu3Beno 4o aTpodil seIHNKIB, 3MeHIIIEHHsI Macu sie4HMKa 10 0,3 T, 10 BifoOpaskae 3MeHIIeHHsI KiTbKOCTi
¢ormikyris i Axkocti oonuTis. e npu3sBeno Ko 3HIDKEHHA HOPMMU BHeCeHH: o6pyuB Ha 30 %. AHTMOKCUJJaHTHA Tepaiisa
TOIIOMOITIa BITHOBUTYU Macy A€YHUKIB 7o 0,4 T, MOKpamyBIIM MOPQOIOrilo 0OUMTIB i 301/IBIIMBIIM YaCTKy OOLMTIB,
AKi gocarmm Meradasi, o 75 %, [JeMOHCTPYI0UN 3aXMCHY Ailo aHTHoKcuaaHTiB. KoedilieHT 3amnigHenna nigsummsca
To 65 % y rpylmi, AKa OTPMMYBaja aHTVOKCUJIAaHTY, III0 BKa3ye Ha 3aXMCHUI e(eKT MPOTY OKVICHOTO IOMIKOMKEHH Ta
3amaneHHA. OTpyUMaHi JaHi MiIKPeCTIOI0Th NOTeHIia/l aHTMOKCUAAHTIB y MOAY/IIOBAHHI IIUIAXIB allONTO3Y, 3HVDKEHHI
OKJICHOTO CTPeCy Ta HOCHIeHH] QYHKIIIT MiTOXOH/IpIiL, [0 pa3oM IIOKpPAIIY€ AKICTb OOLUTIB i pelpOfyKTUBHI pe3y/IbTaT.
AHTVOKCUJIaHTHA Tepamis IpOJEeMOHCTpyBaja 3HA4YHi IlepeBary B IIOM AKIIEHHI BIUIVMBY OKMCTIOBaJIBHOIO CTpecy
Ta 3allaJICHHSA Ha OOLMTY, CHPUAHHI HOpMaJbHOMY I03piBaHHIO Ta 30iNblIEHHIO YCIiXy 3amtifHeHHA. Lli pe3ynbraTn
IiJKPECIIOI0Th TepaleBTUYHUII NOTeHIia]l aHTMOKCUAHTIB WA JIiKyBaHHA Oe3IUTiffs, IOB’S3aHOTO i3 3aIlaTbHUMU
IIpoLecamMmmn

KAIOMOBi CAOBQ: miCISIOBYIATOPHE CTapiHHA; SIILEK/ITUHA; AHTUOKCUJATVBHA DEYOBUMHA; OKMCTIOBAIBHMUI
mucbamaHc; IUTPYCOBi HYTpieHTH
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Abstract. The aim of the study was to determine the effectiveness of physical therapy and massage methods for reducing
pain symptoms in patients with chronic myofascial pain syndrome, the duration of which was at least 12 weeks. The main
focus was on eliminating pain trigger points and long-term muscle relaxation around the affected areas. The study involved
20 patients who complained of chronic pain accompanied by limited joint mobility, in particular temporomandibular joints,
discomfort while chewing and episodic attacks of acute pain. The patients were prescribed a 12-week course of treatment,
which consisted of weekly physical therapy and massage sessions aimed at reducing muscle tension and improving joint
mobility. During the course, three sessions were held per week, each lasting 45 to 60 minutes. Physical therapy included
exercises aimed at strengthening muscles and stretching myofascial tissues to facilitate movement. Massage techniques
included deep tissue massage, myofascial release, and manual therapy aimed at relaxing tight muscles around the
temporomandibular joint and reducing pain trigger points. The results of the study showed a significant reduction in pain
intensity after treatment: the average pain score on the visual analogue scale decreased from 7.8 +0.9 to 2.3 +0.7 at rest and
from 8.1 1.1 to 3.1+0.8 during exercise (p <0.01). In addition, the amplitude of mouth opening increased from 27 +3 to
39+4 mm (p <0.01), indicating improved joint mobility, and the functional activity score on the Helkimo scale improved
from 3.5 to 1.2 (p <0.01), indicating an overall reduction in symptoms and improvement in joint function. Six months
after completion of the treatment, 85% of patients maintained a stable therapeutic effect: 12% of patients had complete
pain relief, and 5% had low-level pain. Also, the restoration of normal muscle function was recorded in 80% of patients,
improved joint flexibility and correction of postural position in 75% of cases

Keywords: trigger points; temporomandibular joint; muscle relaxation; physical activity; restoration of joint
mobility

Intfroduction

Myofascial discomfort, also known as myofascial pain syn-  Patients often report decreased joint mobility, which can
drome, is an important problem in modern medicine. Itis  significantly affect their quality of life. Despite numer-
characterised by chronic muscle pain and trigger points  ous studies, the issues of diagnosis and treatment of this
that, when pressed, cause acute pain and muscle spasms.  syndrome remain relevant. Myofascial therapy, including
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release and manual therapy, is widely used to relieve pain, but
the effectiveness of these methods is not fully understood.

Studies looking at the treatment of myofascial pain
have shown that transcutaneous electrical nerve stimu-
lation can be an effective technique for reducing chronic
pain. W. Gibson et al. [1] conducted a review of Cochrane
reviews confirming the potential of transcutaneous elec-
trical nerve stimulation in this area. A. Galasso et al. [2]
provided a comprehensive review of the treatment and
management of myofascial pain syndrome, emphasising
the importance of an individual approach to each pa-
tient. Furthermore, L. Manchikanti et al. [3] conducted
a comparative analysis of the use of epidural procedures
in patients with chronic pain in the Medicare population,
which notes the need to optimise treatment in this group.
M. Kashif et al. [4] pointed out the connection between
triggers of myofascial pain in the neck and shoulders and
psychological factors such as depression, anxiety, and
stress among university students.

In this regard, J.L. Dieleman et al. [5] analysed health-
care costs in the United States, emphasising the economic
aspects of chronic pain treatment. P. Valiente-Castrillo et
al. [6] studied the effects of education in neurophysiolo-
gy of pain and dry needling on patients with chronic neck
pain, noting their positive impact on treatment outcomes.
M. Paoletta et al. [7] conducted a scoping review of the
effectiveness of extracorporeal shock wave therapy for pa-
tients with myofascial pain or fibromyalgia, which indicates
the prospects of this method. I. Urits et al. [8] emphasise
the importance of a systematic approach to the treatment
and management of myofascial pain syndrome, including
various therapeutic modalities. The study of N. Yilmaz et
al. [9] compare the effectiveness of dry needle therapy and
kinesiotaping in the treatment of myofascial pain, which
shows a difference in the results of these approaches. Final-
ly, A. Pignatelli Vilajeliu et al. [10] conducted a systematic
review of invasive and non-invasive methods of treating
cervical myofascial pain, pointing out the importance of
individualising therapy.

Despite the positive results of numerous studies, the
effect of myofascial release on different tissue types re-
mains poorly understood. This applies to both short-term
and long-term effects of this therapy in different groups of
patients. There are many studies that emphasise the im-
portance of an individual approach to each patient, in par-
ticular with regard to the choice of intensity and duration
of therapy sessions. However, the overall problem is that
there are no standardised treatment protocols that could
ensure maximum therapy effectiveness for each patient,
taking into account their individual physiological and ana-
tomical characteristics. Thus, the purpose of this article was
to study in detail the effect of myofascial therapy on im-
proving joint mobility and reducing pain in patients with
chronic myofascial pain syndrome. Particular attention is
paid to the analysis of the effectiveness of various myofas-
cial release techniques, as well as their impact on the gener-
al condition of patients.

Literature Review

The study by T.P. Do et al. [11] examines the relationship
between myofascial trigger points and various types of
headache, including migraine and tension headache. The
results indicate that myofascial trigger points can play a sig-
nificant role in the pathophysiology of headache. The au-
thors recommend integrating myofascial pain management
approaches into standard headache treatment protocols to
improve therapeutic outcomes. B. Peral-Cagigal et al. [12]
emphasise the clinical significance of transient headache
and jaw clenching in the diagnosis of large cell arteritis.
They highlight that these symptoms should be considered
as critical markers for early diagnosis, as timely interven-
tion can prevent serious complications. The study calls for
increased awareness of these indicators among healthcare
professionals and promotes the need for prompt diagnostic
procedures in suspected cases. In the study by Y. Haviv et
al. [13], the authors compared the effectiveness of nortrip-
tyline and amitriptyline in the treatment of persistent mus-
cle pain. The results show that both drugs are effective, but
nortriptyline has a more favourable side effect profile. This
study provides valuable information for the discussion of
pharmacological strategies for the treatment of myofascial
pain, helping physicians to make informed choices about
treatment options. J.H. Huang-Lionnet et al. [14] provide
an overview of pharmacological strategies for the manage-
ment of myofascial pain. They discuss various treatments,
including non-steroidal anti-inflammatory drugs, mus-
cle relaxants, and antidepressants. The authors emphasise
the need for individualised treatment plans that take into
account the unique characteristics of each patient’s pain,
advocating a multidisciplinary approach to improve pain
relief and functional outcomes.

G.M. Heir [15] investigates the effectiveness of phar-
macological treatments for maxillofacial dysfunction.
The results show that although medications can relieve
symptoms, they should be part of a comprehensive treat-
ment plan that includes physical therapy and behavioural
interventions. This study emphasises that a multifaceted
approach is required to treat temporomandibular disorder
to ensure optimal management of the disorder. G. Affaita-
ti et al. [16] conducted a retrospective analysis comparing
the effects of topical agents and injectable therapies for the
treatment of myofascial trigger points in patients with mi-
graine. Their results suggest that both modalities are useful,
but that injectable treatment may provide more significant
and immediate relief. This study highlights the importance
of individualised treatment strategies and suggests that in-
jection therapy should be preferred in severe pain. L. Man-
chikanti et al. [17] evaluate the effectiveness of fluoroscopic
epidural injections with and without steroids for the treat-
ment of postoperative neck pain syndrome. Their study
shows that steroid injections significantly improve out-
comes compared to non-steroidal options. This study pro-
vides valuable evidence to support the use of fluoroscopic
guidance in epidural injections, contributing to better clin-
ical practices in the management of postoperative pain.
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The study by L. Manchikanti et al. [18] discusses the
need to change the Medicare healthcare payment policy in
2019. The authors emphasise that changes in the healthcare
payment system can have a significant impact on the qual-
ity of care for patients with chronic pain. They propose a
number of policy measures that could facilitate better in-
tegration of patients into the healthcare system and pro-
vide more effective treatment. The study by S.M. Moeen
& A.M. Moeen [19] examines the use of intravenous lido-
caine in combination with an improved recovery regimen
in patients undergoing open radical cystectomy. The re-
sults show that this approach helps to reduce postoperative
pain and shorten the length of hospitalisation, indicating
its potential to improve clinical outcomes. Algorithms
for the diagnosis and treatment of patients with pain syn-
dromes in the lumbar and sacral regions were developed
by S.Z. George et al. [20]. The authors propose a systematic
approach to treatment, including both medical and non-
medical methods, with an emphasis on the importance of
individualised therapy for each patient.

Network meta-analysis is an important tool for eval-
uating the effectiveness of treatment in pain management.
J. Watt & C. Del Giovane [21] emphasise its role in syn-
thesising data from multiple studies to provide a compre-
hensive understanding of treatment outcomes. The study
by M.J. Guzman Pavon et al. [22] compares different man-
ual therapeutic interventions for patients with myofascial
trigger points, showing that some methods are more effec-
tive in reducing pain and increasing the threshold of pain
sensitivity. U. Yal¢in [23] studied the effectiveness of extra-
corporeal shock wave therapy and kinesiological taping in
combination with exercise, demonstrating the positive ef-
fect of such combinations on improving functional perfor-
mance and reducing pain. E. Ahn & H. Kang [24] discuss
the basic concepts of network meta-analysis, emphasising
its advantages and the need to control data quality.

The papers highlight different approaches to the treat-
ment of chronic pain, pointing out the importance of com-
prehensive rehabilitation, a multidisciplinary approach and
new diagnostic strategies to improve patient outcomes. The

authors emphasise the need for coordination between spe-
cialists and individualised treatment.

Materials and Methods

The study involved 20 patients, including 12 women and
8 men, who suffered from chronic myofascial pain syn-
drome affecting the temporomandibular, shoulder and
knee joints. The duration of pain in all participants was at
least 6 months. The main criteria for inclusion in the study
were the presence of chronic pain in these joints and the
absence of internal joint damage, signs of osteoarthritis or
serious postural disorders, which allowed to focus on pa-
tients with uncomplicated myofascial pain syndrome. All
participants underwent a course of treatment consisting of
a combination of physiotherapy and massage, the duration
of which depended on the individual characteristics of
each patient and their response to treatment, but ranged at
least 12 weeks. Physiotherapy was aimed at relieving mus-
cle tension and improving the range of motion of the af-
fected joints, while massage was used to relieve pain, relax
muscles and eliminate trigger points. All patients received
the same number of treatments — three physiotherapy ses-
sions and three massage sessions per week, i.e., 12 to 18
sessions of each type of therapy, depending on the dura-
tion of the course.

The study was not randomised, and no control groups
receiving other treatments or no physiotherapy were used.
The pain level was assessed using a visual analogue scale,
as well as clinical examinations and functional tests that
measured the range of motion in the joints. The self-report
questionnaires included questions about pain intensity and
frequency, the impact of pain on daily activities, and joint
functional capacity. Statistical methods were used to analyse
changes in pain scores, range of motion and overall func-
tional status, including paired t-test to compare changes in
scores before and after treatment, and Wilcoxon signed-
rank test to assess data that did not have a normal distribu-
tion. Table 1 shows the main eligibility criteria for patients
to participate in the study, which helps to focus attention
on those with similar symptoms and health conditions.

Table 1. Inclusion criteria for study participants

Criteria Description

Age

From 18 to 65 years old

Gender

Men and women

Health status

Absence of serious concomitant diseases

Chronic pain

Migration for at least 6 months

Source: created by the authors

The choice of the age range from 18 to 65 years is im-
portant for the study, as patients undergo significant phys-
iological changes during this period that may affect pain
perception and response to treatment. This category of
people has a higher chance of maturity and readiness to
participate in therapy, as adult patients usually have more
experience in managing their health and are more active in
seeking solutions to their problems.

With regard to the health status of the participants,
it was decided to exclude those with serious comorbidi-
ties, as these conditions can significantly affect the results
of the study. These conditions include cardiovascular dis-
eases, such as hypertension and heart failure, which can
reduce the overall endurance of patients and complicate
the treatment process. Participants with cancer were also
excluded, as their condition may be unstable and affect

International Journal of Medicine and Medical Research, 2024, Vol. 10, No. 2 75



Effectiveness of treatment of myofascial pain syndrome...

their response to therapy. Other serious disorders that
led to exclusion were systemic diseases such as diabetes
and systemic lupus erythematosus, which can disrupt the
body’s functioning and interfere with the recovery process.
Chronic lung and kidney diseases were also excluded from
the study, as they can significantly affect overall health and
treatment outcomes. Excluding such diseases helps to en-
sure the purity of the experiment and the accuracy of the
data obtained, which is critical to the scientific validity of
the study results.

Patients visited the physiotherapy clinic “Medical Cen-
tre for Rehabilitation of Movement” in Kyiv, where they
underwent regular therapeutic procedures for six months.
The study was conducted from January to June 2023. As
part of the study, patients underwent weekly treatments
that included both myofascial release and accompanying
therapeutic massage techniques and exercises to improve
joint mobility. Throughout the study period, patients were
monitored by a team of specialists, including physiothera-
pists, massage therapists and doctors. All therapy sessions
were conducted in specially equipped rooms of the clinic
using modern rehabilitation equipment. Each patient un-
derwent an individually tailored course of treatment, which
took into account the condition of their joints, pain level
and general physical condition. Data were collected using
self-report questionnaires, clinical assessments of mobility
and functional capacity, and pain scores on a visual ana-
logue scale. Patients also received individualised recom-
mendations for continuing exercises at home to maintain
the effects of therapy. At the end of each month, an interim
analysis of the treatment results was carried out, which al-
lowed to adjust the therapeutic plan if necessary. The study
adhered to ethical standards, ensuring compliance with the
principles of human participation [25].

Physical therapy included included a set of relaxation
and stretching exercises (the set of therapeutic exercis-
es lasted from 30 to 40 minutes) for the masticatory and
temporal muscles, which were performed under the direct
supervision of a qualified physiotherapist. Patients per-
formed these exercises daily, paying attention to the correct
technique and intensity level. Each session also includ-
ed elements of breathing exercises that helped to reduce
overall muscle tension, which further enhanced the effect
of the main exercises. The main goal of this complex was
not only to restore the normal range of motion of the tem-
poromandibular joint, but also to reduce pain during jaw
movements and reduce the overall intensity of pain during
exertion. Massage procedures were aimed at eliminating
trigger points in the muscles that suffered from myofascial
pain syndrome. Various techniques were used, including
myofascial release, which ensured gradual relaxation of
the tissues, and acupressure, which targeted specific pain-
ful areas to alleviate discomfort. Each massage session
lasted from 45 to 60 minutes and was held three times a
week throughout the course of therapy. The massage tech-
niques were selected depending on the level of muscle
tension and the location of trigger points, which allowed

for a gradual reduction in pain and improvement of the
overall mobility of the face and neck muscles.

The effectiveness of myofascial pain syndrome ther-
apy was assessed based on three main criteria: pain level,
range of motion in the temporomandibular joint and the
amount of mouth opening. The effectiveness was evaluated
at three stages: at the beginning of treatment to determine
the baseline, immediately after completion of the course
of treatment procedures, which allowed assessing the im-
mediate therapeutic effect, and after six months to deter-
mine the duration and stability of the results. To measure
the intensity of pain, patients were asked to use a visual
analogue scale, where they independently determined the
level of pain both at rest and during physical activity, on
a 10-point scale, where 0 means no pain and 10 indicates
the maximum pain intensity that a patient can feel. This
approach allowed not only to quantify the pain but also
to compare its changes at different stages of treatment,
which provided clear data on the dynamics of pain. The
amplitude of movements in the temporomandibular joint
was assessed using a special method of gingliometry. This
is an instrumental measurement that allowed objectively
determining the mobility of the joints and recording the
changes that occurred during the course of treatment. Af-
ter completion of the therapy, the amount of mouth open-
ing was reassessed, which was an important indicator of
functional recovery.

Results and Discussion

Massage therapy had a comprehensive positive impact on
the physical condition of patients, improving blood circu-
lation in the muscles and promoting faster tissue healing
and recovery. Increased blood circulation reduced swell-
ing and improved metabolism in muscle tissue, which had
a positive effect on the overall health of patients. The data
show that the intensity of pain at rest decreased from the
initial value of 7.8 £0.9 to 2.3 £ 0.7 after treatment, while
during exercise the pain score decreased from 8.1 £1.1 to
3.1+0.8 (p<0.01), which confirms a statistically signifi-
cant reduction in pain.

The range of motion in the temporomandibular joint
increased from 27+3 mm to 39+4 mm (p<0.01), indicating
an improvement in the functional state of the affected areas
(Table 2). Positive results after six months were maintained
in 85% of patients, indicating the long-term effectiveness
of the therapy. The high intensity of pain at the beginning
of the study can be explained by the prolonged chronic
course of myofascial pain syndrome and a significant load
on the affected joints. The key indicators presented in the
table, such as pain intensity at rest and during activity, joint
range of motion, and the percentage of patients with posi-
tive results after six months, emphasise the importance of
massage therapy in improving the overall functional status
of patients. The results obtained are not only statistically
but also clinically significant, as they provide real pain relief
and improve the quality of life of patients with myofascial
pain syndrome.
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Table 2. Dynamics of changes in pain scores, amplitude of movements in the temporomandibular joint
and percentage of patients with positive results after treatment of myofascial pain syndrome

Indicator Before treatment (M +SD)  After treatment (M +SD) p-value
Pain intensity at rest 7.8+£0.9 2.3%0.7 <0.01
Intensity of pain during activity 8.1+1.1 3.1+£0.8 <0.01
Range of motion in the temporomandibular joint (mm) 27+3 39+4 <0.01
Percentage of patients with positive results after 6 i 85% i

months

Notes: M + SD — mean value and standard deviation
Source: created by the authors

The effectiveness of chronic myofascial pain syndrome
therapy was evaluated at three main stages, which allowed
for a comprehensive analysis of changes in the symptoms
and functional status of patients. At the initial stage of the
study, before the start of treatment procedures, the average
resting pain value measured by a visual analogue scale was
7 points, which indicated a significant intensity of pain ex-
perienced by patients in everyday life. The reasons for this
high pain intensity could include chronic muscle tension,
inflammation, and psychosomatic factors that increase the
sensation of pain. During physical activity, the pain in-
creased to 8 points, indicating significant discomfort and
limitation in movement, making it difficult to perform
normal tasks such as chewing and talking. It was also im-
portant to limit the amplitude of movements of the tem-
poromandibular joint, the maximum amplitude of mouth
opening did not exceed 30 mm, which significantly inter-
fered with jaw function.

After the course of treatment, which included exercise
therapy and massage, the average resting pain score de-
creased to 3 (p <0.01), indicating significant symptom relief
and a significant reduction in pain intensity. Pain during
physical activity decreased to 4 points, indicating an over-
all improvement in the physical condition of patients and
a decrease in discomfort during physical activity. These
results confirm the importance of pain relief in improving
patients” functionality and overall well-being. The range of
motion in the temporomandibular joint also improved sig-
nificantly: the maximum amplitude of mouth opening in-
creased to 40 mm, which indicates a significant restoration
of jaw mobility and improvement in its functionality. These
changes indicate that muscle tension has decreased, and
the symptoms associated with myofascial pain syndrome
have become less pronounced. Six months after completion
of the treatment, 80% of patients had a sustained positive
result: their pain at rest either disappeared completely or
decreased to at least two points, which is a significant im-
provement compared to the baseline.

Temporomandibular joint dysfunction was significant-
ly reduced in 85% of patients, who reported a restoration
of normal jaw function and reduced discomfort. In addi-
tion to improved joint function, 75% of patients also re-
ported an improvement in their overall posture, indicating
an overall positive impact of the treatment on their phys-
ical condition. For better clarity, the results of the therapy
effectiveness assessment are presented in Table 2, which

shows key quantitative indicators such as pain intensity at
rest and during activity (pre- and post-treatment), tempo-
romandibular joint range of motion, and the percentage
of patients with positive results after six months. Table 2
provides a clear picture of the improvement that occurred
after treatment and emphasises the importance of these
indicators for the overall functional status of patients. The
rationale for the significance of the results, including statis-
tical analysis and its clinical relevance, confirms the effec-
tiveness of the chosen approach to the treatment of chronic
myofascial syndrome. Thus, the combined treatment met
expectations, demonstrated a good long-term result and
significantly improved the quality of life of patients.

These results indicate a significant improvement in
symptoms and discomfort. The range of motion of the tem-
poromandibular joint improved to 40 mm, indicating res-
toration of jaw mobility. Six months after treatment, 80%
of patients had a stable effect. The pain disappeared or de-
creased to a level of at least two points, and the dysfunction
of the temporomandibular joint significantly decreased.
This confirms the effectiveness of the chosen approach to
the treatment of chronic myofascial pain syndrome, as the
combined treatment met expectations, demonstrated good
long-term results and improved the quality of life of patients.

In the process of treating chronic myofascial syndrome,
it is important to evaluate not only the effectiveness of the
methods used, but also to compare them with the results of
other studies. This allows to identify general trends, con-
firm or refute the findings, and adapt treatment methods
according to the available data. This paper demonstrates
the positive impact of physiotherapy and massage on pain
relief and improvement of the functional status of patients
with chronic myofascial syndrome. However, for a compre-
hensive understanding of the effectiveness of these meth-
ods, it is important to consider similar studies to help un-
derstand how the results compare with other scientific data
in this area. For example, the study by G. Affaitati et al. [16]
demonstrated the significant effectiveness of physiothera-
py and massage in reducing pain in patients with chronic
myofascial syndrome. The results of their work indicate a
decrease in pain intensity, which confirms the results of this
study. They noted that the average score on the visual ana-
logue scale decreased, although this value is lower than the
results of the present study, which indicates the effective-
ness of the selected treatments, but calls into question the
comparability of the study conditions.
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Another study conducted by P. Valiente-Castrillo et
al. [6] also confirms the positive effect of physiotherapy and
massage on the functional state of joints in patients with
chronic myofascial syndrome. In their study, a significant
reduction in pain and improvement in range of motion
were observed. These results emphasise that a comprehen-
sive treatment that includes exercise and massage can sig-
nificantly improve joint function and overall well-being.

However, not all studies support the idea that physi-
otherapy is the only effective method. L. Manchikanti et
al. [17] noted that physiotherapy in combination with phar-
macotherapy is more effective in reducing pain. The results
showed a reduction in pain, which indicates the additional
benefitofincluding medication in the overall treatment plan.
This fact may explain why some patients in this study did
not achieve the desired outcome when treatment was based
on physiotherapy alone. Important conclusions are also
contained in the study by L. Manchikanti et al. [18], which
focuses on the treatment of vertebrogenic pain. The study
showed that combined treatment, which includes physio-
therapy, manual therapy and massage, leads to a significant
improvement in the condition of patients. This reinforces
the need for a comprehensive approach to treatment that
includes a variety of methods to achieve maximum effect.

This would maximise the effectiveness of treatment,
improve outcomes and sustain the improvements achieved;
it is important to continue research in this area to improve
the treatment and quality of life of patients with chron-
ic myofascial syndrome, which is an important aspect of
modern medicine and rehabilitation.

Conclusions

A study of 20 patients with chronic myofascial pain syn-
drome showed that the myofascial release technique is
highly effective in treating this condition. Myofascial re-
lease is a manual therapy aimed at directly affecting specific
tissues, which was used to relax and smooth out stiff areas
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Effectiveness of treatment of myofascial pain syndrome...

EcdbeKkTUBHICTb AiKyBOHHS
MiodbacuiaAbHOro 60ALOBOro CUHAPOMY
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AHoTALif. MeToro ocnipkeHHs 6y10 Bu3HaYeHHs! e(eKTUBHOCTI METORIB Bi3nyHOI Teparii Ta MacaXKy [is 3HIDKEHHS
60/IbOBYIX CUMIITOMIB Y IIALIi€HTIB i3 XpOHIYHUM Miodacuia/bHIM 60IbOBUM CHHAPOMOM, TPUBAIICTD KOO CTAHOBMIIA
He MeHIIe 12 TiokHiB. OCHOBHUII aKIjeHT OyZ0 3pOo0/IeHO Ha YCYHEHHA TPUTEPHMX TOYOK OOJIIO Ta JOBIOTpUBaje
po3cmabyieHHs M 'A3iB HABKOJIO YPaKeHVX JIITHOK. Y HoCIipkeHHi Opamy ydacTb 20 MauieHTiB, AKi CKapXWIMCcsA Ha
XPOHIUHMIT 6i/1b, IO CYIPOBOKYBABCA OOMEXEHHAM PYX/IMBOCTI y CYITo6aX, 30KpeMa CKPOHEBO-HIDKHbBOLIEIEITHOTO,
IyuckoM(OpTOM mif dYac >KyBaHHA Ta eIi30[UYHVMM HamafaMy rocrporo Oomo. Ilamientam OyB Ipu3HadeHWI
12-TyDKHEBUI KypC JTiKYBaHHA, AKUIT CKIaJaBCs 3 WIOTIDKHEBUX ceaHCiB BisuyHol Tepallil Ta Macaxy, CIIpsAMOBaHMX Ha
3MeHIIIeHHA HAaIIPY>KeHOCTi M 'A13iB 1 OKpalleHHsA pyxIuBoCcTi cyr1o6is. IIpoTsaroMm Kypcy mpoBOAMIOCA TPYU CEaHCU Ha
TIDKJIEHD, KOXKEH i3 AKMX TpuUBaB Bif 45 o 60 xBummH. PisnyHa Tepamia BKI0Yana BIpaBy, COPAMOBaHi Ha 3MilJHEHHA
M’sA31B Ta pO3TATHeHH:A Miodaclia/IbHMX TKaHMH IJI HOJIerIeHH:A pyXiB. MacaskHi TeXHIKY BK/TIOYaIy NIMOOKIIT Macak
TKaHMH, MiodacuiajbHe po3cIableHHA Ta MaHyaIbHY Tepallilo, Opi€eHTOBaHI Ha pO3ClIa0/ieHHA HAIpPyXeHUX M A3iB
HaBKOJIO CKPOHEBO-HIDKHBOLIENIEITHOTO CYIZIO0a Ta 3MEHIIEHHA 00TbOBMX TPUTEPHUX TOUOK. Pe3y/IbTraTu JOCTIIKeHHA
IIPOJIeMOHCTPYBa/IM 3HaUHe 3MEHIICHH IHTeHCHBHOCTI 00JTIO Iic/IA JTKYBaHHA: CepefHiil TOKa3HUK 600 3a Bisya/IbHO-
aHaJIOrOBOIO IIIKaJIO 3HM3MBCA 3 7,8 £0,9 go 2,3 +0,7 y crani crokoro Ta 3 8,1 £ 1,1 go 3,1 +0,8 mpu ¢isuunomy
HaBaHTaXeHH] (p <0,01). Kpim Toro, aMIutiTysa BigkpuTTs poTa 3pocia 3 27 +3 MM 0 39+4 MM (p <0,01), o cBigunTsb
IIpO NOKpallleHHA PYX/IMBOCTI Cyrno6a, a IOKasHMK QyHKIiOHa/IbHOI aKTYBHOCTI 3a IIKa/I010 Xe/IKiMO ITOKpaIuscA 3 3,5
mo 1,2 (p <0,01), BKa3YIO4l Ha 3ara/ibHe 3MEHIIEHH A CUMIITOMATVUKI Ta IO/IIIIIEeHH (l)yHKuiOHaano'i 3[JaTHOCTI cyrn06iB.
Yepes mIiCTb MICALIB Iic/IA 3aBepLIEHHA KypCy NiKyBaHHA y 85 % malieHTiB 30epiraBcs cTaOiIbHUI TepalleBTUYHNI
edekrt: y 12 % 6irb MOBHICTIO 3HUK, a y 5 % BiH 3a/MmraBcsa Ha HU3bKOMY piBHI. Takoxx Oy1o 3a¢ikcoBaHO BifHOB/ICHHA
HOpMaJIbHOI PpyHKIIil M's3iB y 80 % maljieHTiB, IOKpallleHHA THYYKOCTI CYI7I00iB Ta KOPEKILio OCTYpaIbHOI 03Ul y
75 % Bumagkis

KAIOMOBi CAOBQ: TpurepHi TOYKN; CKPOHEBO-HIDKHBOINENENHUT CYIIo6; Ms30Be poscnabnenss; ¢isnuni
HaBaHTKEHHsI; BIHOB/IEHHS PYX/IMBOCTI y cyrnobax
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Abstract. CRISPR/Cas9 provides high precision and efficiency in altering genetic sequences, therefore significant
in gene therapy. Mutations can be corrected, pathological genes can be removed, and the functional ability of proteins
can be restored by CRISPR/Cas9. The review aimed to analyse the possibilities of using gene editing technology to treat
cancer, genetic, and infectious diseases in the available studies published in 2013-2024. This publication analysed the use
of CRISPR/Cas9 in experimental models for treating Duchenne muscular dystrophy, cystic fibrosis, sickle cell anaemia,
acquired immunodeficiency syndrome and cancer. In Duchenne muscular dystrophy, genome editing helps increase the
level of utrophin, which compensates for the dystrophin deficiency. In cystic fibrosis, CRISPR/Cas9 is used to correct
defects in the CFTR gene, and in human immunodeficiency virus therapy, it is used to remove proviral deoxyribonucleic
acid from infected cells. However, the technology also has certain limitations, such as the risk of off-target changes in
the genome and the difficulty of delivering CRISPR/Cas9 into cells. Therefore, in 2024, CRISPR/Cas9 requires further
improvement in clinical practice. CRISPR/Cas9 has great potential to change the approach to the treatment of incurable
diseases in the future. The practical value of the study conducted by the authors is the presentation of a ready-made
summary of the CRISPR/Cas9 system and a thorough analysis of the results of its use in the treatment of various diseases,
which can be used to assess what prospects this technology has for future use

Keywords: genome editing technologies; adeno-associated viruses; Duchenne muscular dystrophy; cystic fibrosis;
haemoglobinopathies; acquired immunodeficiency syndrome; cancer
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As 0£2024, more than 9,000 diseases associated with chang-
es in the human genome were identified, and effective
treatments were found for less than 800 diseases [1]. There-
fore, scientists are increasingly considering gene therapy as
a priority treatment. This increased interest is supported by
numerous studies and searches for technologies that could
replace current, sometimes ineffective treatments. Over the
past thirty years (1990-2020), many discoveries in the fields

Suggest Citation:

of molecular biology and genetics were made, for instance,
“genetic scissors”, polymerase chain reaction, and others.
Well-known genome editing methods, such as mononu-
cleases (MN) and zinc finger nucleases (ZFN), received
considerable coverage. Despite the proven effectiveness
of these methods, they often require careful and thorough
planning when selecting genetic targets and may present
various obstacles to accurate genome editing [2].
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H. Yang et al. [3] highlighted the new immune system
CRISPER/Cas9 (Clustered Regularly Interspaced Short Pal-
indromic Repeats with Cas9-associated protein). The dis-
covery of this technology is based on the study of the bac-
terial immune system, which uses CRISPR DNA sequences
to fight viruses. Compared with conventional gene editing
methods, this system, discovered in 2012, has greater po-
tential due to its low cost, high accuracy, greater efficiency
than MN/ZFN and multifunctionality in genome editing.

The mechanism of CRISPER/Cas9 functioning, also
named “gene scissors’, is based on the target gene being rec-
ognised by an artificially created RNA (sgRNA). This RNA
then directs the Cas9 protein to break the DNA double
strand, creating double-strand breaks (DSBs) in the corre-
sponding region of the genome. Then, a natural process of
repairing the damaged DNA occurs. In this process, target-
ed changes are made to the genome, including the removal
of the mutated region or its replacement. H. Jiang et al. [4]
reviewed how this unique technology demonstrated excel-
lent and promising results in gene therapy and is used in
the treatment of a wide variety of diseases, such as AIDS,
cancer, Duchenne muscular dystrophy and many other
genetic diseases. In addition, CRISPER/Cas9 is also used
in agriculture to create genetically modified crops with in-
creased resistance to parasites and weather conditions, in
pharmaceuticals to develop therapeutic molecules based
on the results of genome editing, and in other areas not re-
lated to medicine [5].

In 2020, the Nobel Prize in Chemistry was awarded
to Emmanuelle Charpentier, who heads the Division of
Pathogen Sciences at the Max Planck Society in Berlin, and
Jennifer Doudna from the University of California, Berke-
ley, for the discovery of one of the most powerful tools of
gene technology — CRISPR/Cas9, or the so-called “genetic
scissors”. The technology of “genetic scissors” has brought
life sciences to a new stage of development and is of great
benefit to humanity. Even though genome editing technol-
ogies have certain drawbacks and limitations, and methods
of their delivery to cells need to be improved, this discovery
will allow for greater efficiency in gene therapy [6].

Despite all of the aforementioned advantages of this
unique gene therapy approach, there are also many chal-
lenges and problems with its application, one of which is the
difficulty of delivering the system to target cells, as discussed
by W. Yang et al. [7]. As of 2024, the use of adeno-associat-
ed viruses (viral vectors) has significant limitations and the
likelihood of transferring limited genetic material of the
system, and the risks of inducing an immune response in
the patient have also been noted. At the same time, the lipo-
somal delivery system is inefficient and can damage the cell.

Nevertheless, there is an insufficiency, and sometimes
the absence, of a comprehensive and structured presenta-
tion of the CRISPR/Cas9 technology. Most studies present
either the structure of the system, its advantages, or its role
in the treatment of one group of diseases. Therefore, this
study was necessary to summarise most of this material in a
less detailed form and present it in a structured and grouped

way, from the mechanism of functioning and the structural
design of the system to preclinical results in the treatment
of various diseases. This is also necessary to provide a com-
prehensive assessment of the CRISPR/Cas9 gene tool and
evaluate its prospects. Therefore, the purpose of this paper
was to analyse the structure, advantages, disadvantages and
medical applications of the latest promising CRISPR/Cas
9 technology according to studies published in 2013-2024.

The methodology of the study was as follows: the liter-
ature review was conducted by analysing numerous digital
publications found on such library websites as PubMed,
Scopus and Web of Science Core Collection. The analysis of
literature sources covered the period from 2013 to Novem-
ber 2024; the search was carried out using MeSH (Medical
Subject Headings) terms, synonyms and keyword search-
es. During the primary analysis, 55 literature sources were
selected and reviewed. After further systematisation of the
information using the methods of analysis, synthesis and
generalisation, only 35 sources remained. Exclusion crite-
ria: publications that did not meet the purpose of this study
and the absence of significant results in the reviewed papers.

CRISPR/Cas9 Bacterial Immune System
CRISPR/Cas9 is a system that is a bacterial defence mech-
anism against phage infection [8, 9]. Based on the organ-
isation of the effector protein, the CRISPR/Cas system
is classified into two different classes. Class 1 CRISPR/
Cas systems use multi-protein effector complexes, while
class 2 CRISPR/Cas systems use single-protein effectors.
These two systems use short DNA sequences (spacers) to
guide the Cas proteins. The conserved sequence to facilitate
targeting is called a protospacer flanking sequence (PES)
for RNA-targeted Cas proteins or a protospacer adjacent
motif (PAM) for DNA-targeted Cas proteins [10]. The
CRISPR/Cas9 system of Streptococcus pyogenes consists of
Cas9 (CRISPR-associated protein 9) (Fig. 1), an endonu-
clease that causes double-stranded DNA breaks, which can
be used to modify of the genome with a single guide RNA
(sgRNA), which provides specificity [11].

target DNA

g:lIIIIllIIIIlIlIllIIIIIll

5,IIIIIllIlIlIIIIIIIII 1 i
guide RNI%,,:I LR -

S

Figure 1. CRISPR/Cas9 technology
Source: M. Redman et al. [12]

WClustered Regularly Interspaced Palindromic Re-
peats (CRISPRs) are sequences in the bacterial genome
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that, together with CRISPR-associated proteins (Cas), pro-
tect against viruses. One of these proteins is the Cas9 endo-
nuclease, which cuts two DNA strands. Cas9 is guided to
its target by a small-group RNA (sgRNA). To make a cut,
a certain DNA sequence (from 2-5 nucleotides) must be
located at the 3’-end of the sgRNA - known as RAM. DNA
repair after the cut occurs in 2 ways: either by non-homolo-
gous end joining, which often leads to random DNA inser-
tions/deletions, or by homologous repair. The latter uses a
homologous DNA fragment as a template, allowing for pre-
cise editing. This pathway involves the delivery of a homol-
ogous DNA site with the desired modification (sequence
change) using Cas9 protein and sgRNA, which ensures
changes are made with an accuracy of one base pair [13].

CRISPRs protect against virus invasion in combination
with a series of CRISPR-associated (Cas) proteins. Cas9,
one of the associated proteins, is an endonuclease that
cuts both strands of DNA. Cas9 is guided to its target by a
stretch of RNA. This can be synthesised as a single strand
called synthetic single-guided RNA (sgRNA); the stretch
of RNA that binds to genomic DNA is 18-20 nucleotides.
To cut, a specific DNA sequence of 2 to 5 nucleotides (the
exact sequence depends on the bacterium that produces
Cas9) must be located at the 3’-end of the guide RNA: this
is called a protospacer adjacent motif (PAM). Repair after
a DNA cut can occur in two ways: non-homologous end
joining, which usually results in random DNA insertion/
deletion, or homology-directed repair when a homologous
DNA fragment is used as a repair matrix. It is the latter that
allows for precise genome editing: a homologous DNA site
with the required sequence change can be delivered using
the Cas9 nuclease and sgRNA, theoretically allowing for
changes as precise as a single base pair [13].

Bacteria develop this system by capturing DNA se-
quences and using it as a memory to identify themselves as
an enemy and destroy it when they attack in the future. The
great advantage of the CRISPR-Cas9 system is that it is not
based on protein engineering (as in the case of ZFN) but
on base pairing between sgRNA and DNA. CRISPR/Cas9
is easy to use as only a small new RNA fragment needs to
be synthesised to target a new locus, which prevents the
lengthy construction and cloning of complete protein do-
mains, as in ZFN nuclease-based approaches. The synthesis
of small fragments also allows for multi-complex applica-
tions, which allows for the targeting of multiple loci and the
generation of chromosomal changes (deletions and trans-
locations) [10, 11].

A bacterial immune mechanism for protection against
bacteriophage infection and plasmid transfer in nature is
the CRISPR/Cas9 system, which consists of the Cas9 endo-
nuclease and a guide RNA (sgRNA) that provides specific
recognition of the target DNA sequence. The Cas9 protein
creates a double-stranded DNA break in the region com-
plementary to the sgRNA in the presence of a protospacer
adjacent motif (PAM). This technology allows not only for
high-fidelity genome editing but also for modelling com-
plex genomic changes, which makes it much easier to use

than ZFN. The ease of use of CRISPR/Cas9, means that
only sgRNA is needed to synthesise a precise target, there-
fore substantial for efficient genome editing and targeting
multiple loci simultaneously.

Advantages of CRISPR/Cas? in Genetic
Engineering and Mechanisms of CRISPR/Cas?
Genome Editing

CRISPR/Cas9 is a revolution in the world of genetic re-
search due to its versatility, accuracy and ease of use. Its
success is based on the ability to precisely modity the ge-
nome by inducing double-strand breaks (DSBs) in DNA
at predefined locations. This approach has opened new
horizons for studying genetic functions, developing thera-
peutics, and creating organisms with specified characteris-
tics [9, 14]. Unlike previous technologies, such as ZFN and
TALEN, which required complex protein design for each
new genetic locus, CRISPR/Cas9 uses a guide RNA (sgR-
NA). This RNA can be easily programmed to target any
DNA sequence. As a result, the development of CRISPR
tools requires less time and resources, which greatly sim-
plifies the preparation for experimental studies [13, 14].

CRISPR/Cas9 provides a high level of editing accuracy.
Efficiency is achieved using the Cas9 protein, which cuts
DNA, and guides RNA, which provides specific targeting.
Once a break is created, the cell triggers repair mechanisms
such as nonhomologous end joining (NHE]) or homolo-
gous directional repair (HDR). NHE] usually causes small
insertions or deletions that can shift the reading frame and
cause gene knockout. HDR, in turn, can be used to insert
specific sequences or make point mutations using donor
DNA as a matrix [11, 13].

CRISPR/Cas9 can edit multiple genes simultaneous-
ly in a single experiment, which significantly accelerates
the study of complex genetic networks. This creates op-
portunities for research into polygenic diseases caused by
the interaction of many genes. In addition, CRISPR/Cas9
adaptations, such as CRISPRa (activation) and CRISPRi
(inhibition), allow for changes in gene expression with-
out editing their sequences. This is particularly useful for
functional studies when it is important to assess the impact
of changes in expression levels on cellular processes [15-
16]. Compared to ZFN and TALEN, the development of
CRISPR tools is much faster and cheaper. As of 2024, there
are numerous ready-made sgRNAs for different genomes,
which simplifies the preparation for experiments. Labora-
tories around the world can easily integrate CRISPR into
their research, which contributes to its spread [9, 15].

CRISPR/Cas9 technology has enormous potential in
medicine. It is being considered for the treatment of genet-
ic diseases, cancer, infectious diseases, etc. The uniqueness
of this technology is determined by its ability to create sta-
ble genetic modifications that do not disappear over time,
contrary to the temporary changes typical of RNAi [10, 14].
CRISPR variants, such as base editing, can alter individual
nucleotides without creating DNA breaks. Prime editing is
another innovative approach that offers the ability to edit
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DNA with high precision. These modernisations expand
the range of capabilities of the technology [9].

CRISPR/Cas9 is not simply a genetic editing tech-
nique, but a system that is changing approaches to genome
research and disease treatment. Its advantages in accuracy,
versatility, speed and accessibility render this technology
indispensable in modern and future biology and medi-
cine [13]. The CRISPR/Cas9 genome editing mechanism is
divided into three stages: the first is recognition, the second
is cleavage, and the third is repair. The constructed sgRNA
directs Cas9 and recognises the target sequence in the gene
of interest using a complementary base pair of the 5crRNA.
The Cas9 protein is inactive in the absence of sgRNA. The
Cas9 nuclease produces double-stranded breaks (DSBs) at
3 bases upstream of the PAM. The PAM sequence is a short
(2-5 base pairs) conserved DNA sequence downstream of
the cut site [16].

The Cas9 protein is a nuclease that is most used in ge-
nome editing technology, recognising the PAM sequence
at 5-NGG-3" (N can be any nucleotide base). When Cas9
finds a target site with a matching PAM, it triggers local
DNA melting to form an RNA-DNA complex, but the
mechanism of how the Cas9 enzyme melts the target DNA
sequence is not yet clearly understood. The Cas9 protein
is then activated to cleave the DNA. The HNH domain
cleaves the complementary strand, while the RuvC domain
cleaves the non-complementary strand of the target DNA
to produce predominantly blunt-ended DSBs [17].

CRISPR/Cas?9 is one of the most revolutionary technol-
ogies in the field of genetic engineering that combines versa-
tility, precision and ease of use. Thanks to guide RNA (sgR-
NA) and the Cas9 endonuclease, this system can accurately
target specific DNA sites, causing double strand breaks that
stimulate the cell’s natural repair mechanisms. This creates
great prospects for creating gene knockouts, and point mu-
tations, editing single nucleotides, and studying complex
genetic networks. The advantages of CRISPR/Cas9, such as
low cost, high efficiency and accessibility, render it an in-
dispensable technology in molecular biology and medicine.

The Use of CRISPR/Cas-9

in the Treatment of Genetic Diseases

One of the areas of application of CRISPR/Cas9 is its po-
tential use for the treatment of diseases caused by single
gene mutations, certain infectious diseases, various types
of cancer, etc. This approach was tested only in preclinical
models, although expectations are that it can be applied in
clinical practice. J. Wang et al. [18] investigated the impact
of CRISPR/Cas9 on Burkitt’s lymphoma. This is a cancer
of the lymphatic system, in particular B lymphocytes, that
develops in the germinal centre of the lymph node, caused
by mutations in the cMyc gene. ]. Wang and team used a
CRISPR/Cas9 system against Epstein-Barr virus (EBV) and
found a reduction in the effect of the virus on tumour pro-
liferation. In addition, FA. Khan et al. [19] determined that
when editing the tumour suppressor gene Trp53 in Arf-/-
Eu -Myc lymphomas, overexpression of the Myc gene is

responsible for several types of lymphoma cancer. MII3 is
another substantial tumour suppressor gene disruption by
CRISPR ex vivo in acute myeloid leukaemia [20]. The use
of the TALENs genome editing tool in a girl with leukaemia
by C. Chen et al. [21] created grounds for more effective use
of CRISPR in the clinic.

Another serious genetic disease is Duchenne muscular
dystrophy (DMD). According to the research of Canadi-
an scientists D. Wojtal et al. [22], CRISPR/Cas9 exhibits a
therapeutic effect in Duchenne muscular dystrophy (DMD)
caused by mutations in the dystrophin gene, thanks to its
genome editing mechanism by increasing the expression of
utrophin (UTRN). UTRN is a protein that is functionally
similar to dystrophin and partially compensates for its loss.
In these studies, CRISPR/Cas9 was used to activate the A
and B promoters of the UTRN gene to increase the syn-
thesis of utrophin. The increase in the level of urotrophin
(1.7-6.9 times compared to baseline values) would allow
compensation for the functions of dystrophin, in particu-
lar: restoring the amount of B-dystroglycan, a protein that
is critical for the stability of muscle cell sarcolemma. This
approach allows not to correct the dystrophin gene directly,
but to compensate for its absence, reducing the progression
of DMD [21, 22].

For the treatment of DMD, CRISPR/Cas9 can also be
used to remove mutations in the dystrophin gene that cause
a reading frame shift. Removing the defective exons can be
used to restore the reading frame, resulting in the synthe-
sis of a functional, albeit reduced, dystrophin protein. This
approach resembles the phenotype of Becker muscular dys-
trophy, which is a less severe form of the disease. M. Tabe-
bordbar et al. [23] used the delivery of CRISPR/Cas9 en-
donucleases using adeno-associated virus (AAV) to restore
dystrophin expression in mice with experimental DMD by
deleting the exon containing the original mutation. As a re-
sult, a shorter but functional protein is synthesised. Mice
treated with CRISPR/Cas9 for DMD partially recovered
functional muscle dysfunction. This study demonstrated
that the dystrophin gene was edited in muscle stem cells
that replenish mature muscle tissue. This is necessary to
ensure that any therapeutic effects of CRISPR/Cas9 do not
disappear over time.

Multiple studies by C.E. Nelson et al. [24] provide sub-
stantial evidence supporting the effectiveness of in vivo ge-
nome editing to correct destructive mutations in DMD in
the corresponding dystrophic mouse model. Programmable
CRISPR complexes can be delivered locally and systemical-
ly to terminally differentiated skeletal muscle fibres and car-
diomyocytes, as well as to muscle satellite cells in newborn
and adult mice, where they mediate targeted gene modifi-
cation, restore dystrophin protein expression, and partial-
ly recover functional deficiencies in dystrophic muscles.

G. Schwank et al. [25] were the first to use CRISPR/
Cas9 to study the treatment of cystic fibrosis (CF). Cystic
fibrosis is caused by mutations in the CFTR gene, particu-
larly the most common mutation F508 del, which leads
to the formation of a non-functional CFTR protein. This
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disrupts the transport of chlorine ions across cell mem-
branes, causing the accumulation of thick mucus in the
respiratory tract, digestive tract and other organs. In the
study, adult intestinal stem cells were first taken from two
patients with cystic fibrosis, and then intestinal organoids
were grown from these cells to mimic the structure and
function of real tissue. The CRISPR/Cas9 system was then
used to correct F508 del. To fix the mutation, the research-
ers provided the cell with a donor DNA template that con-
tained the correct sequence of the CFTR gene. The cell uses
this template to repair the DNA break through the HDR
mechanism, which replaces the F508 del mutation with a
normal sequence. Adeno-associated viruses (AAVs) were
used to deliver CRISPR/Cas9 components into cells. They
effectively delivered Cas9 and sgRNA to organoid cells. As
a result, they successfully corrected the most common mu-
tation causing cystic fibrosis in intestinal organoids. The
authors demonstrated that once the mutation was correct-
ed, the function of the CF transmembrane conductor re-
ceptor (CFTR) was restored.

M.C. Canver et al. [26] conducted a study that demon-
strated the possibility of using the CRISPR/Cas9 system
to treat such serious diseases as sickle cell disease (SCD)
and P-thalassaemia. Haemoglobinopathies are caused by
mutations in the B-globin (HBB) gene, which causes dis-
orders of haemoglobin (HbA) synthesis. Traditional treat-
ment approaches include replacement therapy or bone
marrow transplantation, but they are limited and ineffec-
tive. M.C. Canver et al. [26] also explored an alternative
approach — reactivation of fetal haemoglobin (HbF) syn-
thesis. This type of haemoglobin is expressed in the em-
bryonic and perinatal periods and compensates for the
functions of adult haemoglobin. With the transition from
HbF to HbA in the postnatal period, HbF activity is in-
hibited by the protein BCL11A. The identification of the
role of this protein as a key suppressor of fetal haemoglobin
has become the basis for the development of therapeutic
strategies [12]. M.C. Canver and the team used the CRIS-
PR/Cas9 system to target the BCL11A enhancer, which is
a regulatory element in the genome that controls the ex-
pression of this protein. In mice with a model of sickle cell
anaemia, scientists used CRISPR/Cas9 to edit the BCL11A
enhancer, substantially increasing HbF levels. The high lev-
el of fetal haemoglobin significantly reduced the symptoms
of the disease, improved haematopoiesis and restored red
blood cell function. In human cells, the researchers used
primary erythroblasts, the cells involved in the formation
of red blood cells (the so-called precursors). Editing the
BCL11A enhancer using CRISPR/Cas9 led to the activa-
tion of HbE, which functionally replaced HbA. This proved
that the technique can be effective for human cells as well.
The results of their research are extremely promising. Reac-
tivating HbF is a more realistic approach than introducing
a full-length B-globin gene because of the difficulty of de-
livering such large genes into cells.

The use of the unique CRISPR/Cas9 system has yield-
ed positive results and great potential in the future for the

treatment of various genetic diseases and more. This tech-
nology can be used for precise changes in the genome,
which creates new prospects for the treatment of diseases
such as Duchenne muscular dystrophy, cystic fibrosis, sick-
le cell anaemia and various types of cancer. CRISPR/Cas9
can also be used to correct mutations, activate genes and
change protein expression.

CRISPR/Cas? in the Treatment of AIDS

Another potential clinical application of CRISPR/Cas9
is the treatment of complex infectious diseases such as HIV.
Acquired immunodeficiency syndrome (AIDS) is one of
the most serious infectious diseases in the world [27-28].
As of 2024, 41 years have passed since the discovery of hu-
man immunodeficiency virus type 1 (HIV), but there is still
no vaccine against HIV infection. Combination antiretro-
viral therapy (cART) has been used for the past ten years
to keep HIV replication under control. Although cART
can inhibit the replication of the virus, the virus can persist
in some cells. As a result, patients must take antiretroviral
drugs for life [29].

Long-term use of antiretroviral drugs causes side effects.
Thus, the search for alternative strategies to combat HIV is
highly relevant. A prominent field is gene therapy, which is
needed to deliver antiviral gene reagents that would prevent
the virus from replicating in cells that may be infected with
HIV. Technologies for modifying gene expression through
RNA interference (RNAi) or genome editing based on
clustered regularly interspaced short palindromic repeats
(CRISPR) offer new opportunities for HIV inhibition.

Firstly, it is necessary to mention the fact that complex
antiretroviral therapy does not remove the viral DNA inte-
grated into the cell genome (although it actively suppresses
HIV replication). This viral DNA creates latent reservoirs
that remain a source of new infection after ART is stopped.
E. Herrera-Carrillo et al. [27] examined the CRISPER/
Cas9 technology in HIV therapy. The mechanism of action
of CRISPR-Cas9 against HIV in their studies involves the
use of a guide RNA (sgRNA) that provides precise target-
ing of the Cas9 protein to the proviral DNA integrated into
the cell genome. Cas9 creates double-stranded breaks in
the viral DNA, causing damage. Then, breaks in important
regions of the viral genome, such as LTR (long terminal re-
peats) regulatory regions or genes encoding viral proteins
(gag, pol, env), block the activation of the proviral DNA
or cause its inactivation. This approach effectively inhibits
virus replication and prevents its spread to new cells.

The results of in vitro experiments [29, 30] demon-
strate a significant reduction in the amount of proviral
DNA in infected cells, which indicates the effectiveness of
CRISPR-Cas9 in fighting both active and latent forms of
the virus. Even in the case of incomplete deletion of provi-
ral DNA, editing causes mutations that make the virus rep-
lication defective. The use of multiple sgRNAs to simulta-
neously target multiple regions of the HIV genome reduces
the risk of mutations that allow the virus to avoid CRISPR.
Despite the encouraging results, several challenges need to
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be overcome for the successful use of CRISPR in HIV treat-
ment. These include the high mutability of the virus, which
makes targeting difficult, the possibility of off-target effects
that can damage the host cell genome, and the difficulty of
delivering CRISPR-Cas9 to all infected cells in the body.
Delivery is one of the key technical challenges, and meth-
ods based on viral vectors (e.g., adeno-associated viruses,
AAV) or nanoparticles are being developed for this purpose.

E. Herrera-Carrillo et al. [27] argue that CRISPR/Cas9
has significant potential to become a revolutionary ap-
proach to HIV treatment, as it allows eliminating pro-vi-
ral DNA and blocking viral replication. At the same time,
further research is needed to implement this technology
in practice to optimise the safety and efficacy of the meth-
od, as well as to develop effective approaches to delivering
CRISPR into the body.

CRISPR/Cas9 technology has proved to be effective in
the treatment of AIDS and opens new prospects for treat-
ing this incurable disease. Thanks to its ability to precisely
edit the genome, this system can not only block virus repli-
cation but also effectively destroy the pro-viral DNA that is
integrated inside cells. Despite the encouraging results of in
vitro studies, there are certain obstacles to the clinical appli-
cation of CRISPR/Cas9 in the treatment of HIV and AIDS,
such as the high mutability of the virus, problems with the
delivery of the CRISPR/Cas9 system to the affected target
cells, and others.

CRISPR/Cas? as a Method of Fighting Cancer
Cancer is the primary cause of death due to genetic mu-
tations in the world. Oncogenes, tumour suppressor genes
and DNA repair genes are substantial in the mechanisms of
carcinogenesis. By using CRISPER gene editing, research
biologists found a way to treat cancer with immunotherapy.
Gene editing is possible not only in cell cultures and mam-
malsbutalsoin humans. Inaddition, CRISPR/Cas9 hasbeen
used to create an oncolytic virus that is used to treat cancer
due to its ability to specifically infect and lysate cancer cells,
ideally preserving normal cells for cancer treatment [31-32].

According to research conducted by L. Wang et
al. [31], CRISPR/Cas9 technologies achieved success in
cancer immunotherapy by providing a precision genetic
editing technology. This new method can be used to make
precise changes to the genome and correct or remove mu-
tations that cause cancer. The use of CRISPR/Cas9 can im-
prove the ability of the immune system to detect and de-
stroy cancer cells, which is progress in cancer treatment.
The precision of CRISPR/Cas9 in genetic modification is
beneficial for the treatment of T cells, which is an impor-
tant aspect of cancer therapy. CRISPR/Cas9 improves the
specificity and efficacy of chimeric antigen receptor (CAR)
and T-cell receptor (T'CR) agents that target tumour agents,
thus enhancing the immune response against cancer. This
approach inhibits the immune checkpoint inhibitors (PD-
1/PD-L1) that cancers use to prevent them from being rec-
ognised by the immune system, thus allowing the immune
system to effectively fight cancer [33].

In other studies, conducted by A. Saber et al. [32] in on-
cology, CRISPER/Cas9 demonstrated the ability to address
tumour heterogeneity and drug resistance. Tumour hetero-
geneity, the diversity of tumour cells within cells in a single
patient, hinders treatment by creating a pool of genetic var-
iants that can lead to therapeutic resistance and ineffective-
ness of treatment. Congenital and acquired drug resistance
often leads to relapse and death [34]. CRISPR/Cas9 was used
to explore therapeutic targets to create drugs that do not de-
velop resistance. CRISPR/Cas9 is a method for improving
existing cancer treatments and has all the prospects for suc-
cessful application in the future in clinical oncology as well.
T-cell therapy with chimeric antigen receptor (CAR), gene
screening, and tumour modelling were improved, but the
effects of genome editing remain poorly understood and
may increase the risk of additional genetic mutations [35].

The CRISPR/Cas9 system created new opportunities in
cancer therapy. By editing the genome, CRISPR/Cas9 can be
used to modify immune cells to fight tumours more effective-
ly, as well as to create oncolytic viruses that selectively destroy
cancer cells. This technology can also overcome the prob-
lem of tumour heterogeneity and the development of drug
resistance. Despite the significant results and great poten-
tial, CRISPR/Cas?9 still requires further research to be stud-
ied in detail and approved for mainstream cancer treatment.

Conclusions

CRISPR/Cas9 technology has become a breakthrough in
the field of genetic engineering, creating new opportunities
for gene therapy by eliminating mutated genomic regions.
The emergence of this innovative technology, based on the
natural mechanism of bacterial defence against viruses, has
become a vivid example of how basic research can change
practical medicine. The CRISPR/Cas9 mechanism of ac-
tion allows for genome editing with high precision, sim-
plicity and efficiency, rendering this technology a unique
treatment for genetics, cancer and many other diseases. Ac-
cording to the results of the analysed studies, in Duchenne
muscular dystrophy, the use of CRISPR/Cas9 has increased
the level of utrophin, which partially compensates for the
loss of dystrophin, helping stabilise muscle tissue.

In cystic fibrosis, the F508 del mutation in the CFTR
gene was successfully corrected in intestinal organoid cells
of patients. The restored function of the CFTR protein im-
proved ion transport in tissues. In haemoglobinopathies
such as sickle cell anaemia and (-thalassaemia, CRISPR/
Cas9 allowed reactivating foetal haemoglobin (HbF) by ed-
iting the BCL11A protein enhancer, which compensates for
the B-globin deficiency. In HIV, CRISPR/Cas9 has effectively
removed proviral DNA from the cell genome, reducing viral
replicationand inducing mutationsthatrender HIV inactive.

At the same time, there are successful cases of this
technology being used in cancer, where CRISPER/Cas9
is used to edit immune cells (T-lymphocytes) to increase
their ability to detect and destroy tumour cells. In addi-
tion, CRISPR is capable of creating oncolytic viruses and
modifying immune checkpoint inhibitors, which enhances
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AoCArHeHHs MOAEeKYAsIPHOI GioAorii:
CRISPR/Cas? y reHHin Tepanii (orasa Aitepartypm)

Onexciit Bopomyk

CryaeHt
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AHoTau,is. CRISPR/Cas9 3abesnedye BUCOKY TOYHICTb i epeKTUBHICTD y 3MiHI reHETMYHMX MOCHILOBHOCTEN, IO
poO6MTD ii BaYK/IMBMM IHCTPYMEHTOM Y reHHiil Tepamii. 3aBpsaku CRISPR/Cas9 MoxxHa KOpuryBaty MyTanii, BUfapATH
TIATOJ/IOTiYHi TeHM Ta BiJHOBJIIOBATU (’pyHKuiOHaany 3[JaTHICTb MPOTEIHiB. MeToI0 1IbOTro OINARY 6yn0 IIpoaHaisyBaTu
MOXIBOCTI BUKOPUCTAHHS TEXHOJIOTII peflaryBaHH:A IeHiB JyIA JIIKyBaHHS OHKOJIOTIYHMX, FeHeTUYHMX, iHpeKIiTHN1X
3aXBOPIOBAaHb Y HASABHMX JOC/IKEHHAX, AKi oy0/tikoBaHi B iepion 2013-2024 pokis. Y maHiit my6ikariii mpoaHanisoBaHo
sactocysanHA CRISPR/Cas9 Ha ekcrieprMeHTanTbHMX MOfIeAX Y Tepamii M’ sa30Boi gucTpodil [lromena, MyKoBiciumosy,
CepIIOBMIHO-KTITVHHOI aHeMii, cMHApOMYy HabyToro iMyHopudinuTy Ta OHKOJIOTIYHNX 3aXBOpIOBaHb. IIpyu M’sA30Biit
muctpodii [lromeHa pefaryBaHHs IeHOMY CIpUSAE MiIBUIIEHHIO piBHA yTpodiHy, o KoMIeHcye gedinnut guctpodiny.
ITpu myxosicumposi CRISPR/Cas9 BukopucrtoByerbes i Kopekuii sedexris y reni CFTR, a npu repamii Bipycy
iMyHOIMDIWUTY TIOAVHY — /1A BUIA/IeHHA IPOBIPYCHOI 1e30KCHprOOHYK/IeTHOBOT KMC/IOTH B iH(piKoBaHMX KIiTHH. OfHAK
TEXHOJIOTiA Mae i TeBHI 0OMe>XeHH: — PU3MK [103aLIbOBMX 3MiH y reHoMi, ckagHicTb foctaBky CRISPR/Cas9 y kniTuHn.
Otxe, Ha 2024 pik 3anuIIaeTbcsA HEOOXITHICTb IOMAIBIIOrO BIOCKOHA/NEHHA MeTofiB 3actocyBaHHA CRISPR/Cas9 B
wriniuHiln npakruni. CRISPR/Cas9 Mae Benukuii moteHIian B MaiiOyTHbOMY 3MiHUTY MifXif| 1O Tepallil HeBUIIKOBHMX
3aXBOpIOBaHb. [IpakTMYHOI LIHHICTIO IPOBEIEHOr0 aBTOPAMI JOCI/KEHHSI € OIaHH TOTOBOI KOPOTKOI iHopMmariii
npo cuctemy CRISPR/Cas9 ta rpyHTOBHMIT aHasli3 pe3y/nbTaTiB Ii 3aCTOCYBaHHS IIPY TepaIlii pi3HNX 3aXBOPIOBAHb, 110
TO3BOJIAI€ OLIHUTH, AKi IIePCIIEKTUBI MA€E 11 TEXHOJIOTiA Y 3aCTOCYBaHHI B MailOyTHbOMY

KAlO4OBi CAOBQ: TexHonoOTrii pemaryBaHHA TeHOMY; afieHoacolilfoBaHi Bipycu; M'sa3oBa aucTpodis iomreHa;
MYKOBiCIM03; reMorTo6iHomaril; cuHApoM HabyToro iMyHopudinmTy MonHN; pak
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