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Abstract. The study of bone tissue status in lactating women is highly relevant due to the increasing prevalence of
osteopenic changes and their complex implications for reproductive health. The aim of this study was to analyse breast
milk donation as an additional risk factor and to identify key conditions for preserving bone strength in the postpartum
period. Within a retrospective analysis conducted at the Kyiv City Perinatal Centre, medical records of 260 women were
examined, including 126 milk donors and 134 breastfeeding women without donation. The study assessed bone mineral
density, haematological parameters, body mass index, and fracture history. Participants were recruited through healthcare
networks under conditions of informed consent and personal data confidentiality. Key findings indicated that donors
had a higher incidence of fractures after 30 years of age (11.9%), lower awareness of bone health (only 7.9% knew their
bone mineral density), and significant deviations in vitamin D levels, with deficiency detected in 67.5% of donors. Among
donors, 29.4% were overweight, and 13.5% had obesity, exceeding rates in non-donor lactating women. Over 10% of donor
participants exhibited radiological signs of osteoporosis, compared to approximately 5% in the control group. Prolonged
lactation without adequate dietary adjustments and physical activity was found to exacerbate osteopenic processes. The
study underscored the importance of regular monitoring of biochemical markers and implementing preventive strategies
(balanced nutrition, vitamin D supplementation, and moderate resistance training) to mitigate complications. The
practical significance of these findings lies in justifying the need for early screening of donors and developing personalised
recommendations to reduce fracture risk and preserve maternal health. The proposed approach could be integrated into
broader women’s health programmes, particularly in modern medical communities seeking to reduce economic burdens
associated with fracture treatment and prolonged rehabilitation

Keywords: hormonal changes; genetic predisposition; physical activity; vitamin D deficiency; lactation

INTRODUCTION

Modern realities necessitate maximising health protection
for women who choose to become breast milk donors. This
process entails additional physiological strain, particular-
ly on bone tissue. Osteoporosis may develop asymptomat
ically but significantly impact a woman’s future quality of
life. Thus, timely monitoring of bone health and preven-
tive measures are essential to safeguard donors’ well-be-
ing and ensure safe, high-quality lactation for infants re-
ceiving donor milk.

Suggested Citation:

V. Bila et al. [1] described the creation of Ukraine’s first
breast milk bank, highlighting the problems of a shortage
of donors and the need to involve not only mothers of pre-
mature babies (who accounted for 77%) but also women
who had carried their pregnancies to term. They concluded
that the bank works effectively even in difficult conditions,
but the limited number of donors remains a challenge.
L. Pylypchuk [2] summarised data on osteoporosis in wom-
en with hypoestrogenic conditions, which is also relevant
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to lactational osteoporosis. The researcher emphasises the
high prevalence of osteopenia and osteoporosis and iden-
tifies key preventive measures: building maximum bone
mass by the age of 30, regular physical exercise, correction
of hormonal disorders, improvement of blood supply to
bones, and control of mineral metabolism.

S. Shatylo et al. [3] conducted a multicentre epidemio-
logical study revealing widespread vitamin D deficiency in
Ukraine, particularly among high-risk groups such as post-
partum women. Among 11,000 participants (~79% wom-
en, median age 36), deficiency rates were alarmingly high.
The authors suggested this could adversely affect donors’
skeletal systems, warranting further research into seasonal
variations and supplementation efficacy. Q. Wang et al. [4]
investigated calcium-fortified milk for osteoporosis preven-
tion in ovariectomised rats (a postmenopausal model). Af-
ter three months of consuming milk enriched with calcium,
vitamin D, and casein phosphopeptides, bone mineral den-
sity (BMD) and mechanical strength improved significantly.

I. Oboh et al. [5] analysed lactation duration’s impact
on BMD. Women breastfeeding beyond six months exhib-
ited lower lumbar BMD at 12 months postpartum com-
pared to those nursing for €4 months, though statistical
significance varied. G. Cai et al. [6] meta-analysed five RCTs
(n=567) and found that 1,000 mg/day calcium supplemen-
tation during lactation did not significantly affect spinal or
radial BMD. H.L. Colleran et al. [7] demonstrated that a 16-
week postpartum exercise programme (weight-bearing aer-
obics and resistance training) significantly reduced lumbar
bone loss in a small cohort. F.M.F. Grizzo et al. [8] proposed
trabecular bone score (TBS) for postpartum bone assess-
ment. While TBS was insensitive to short-term changes, it
confirmed post-weaning bone recovery.

The study by Q. Huang et al. [9] was aimed at devel-
oping an innovative method for osteoporosis treatment
using milk-derived exosomes. The researchers employed
specially engineered exosomes enriched with bioactive
compounds that promote bone tissue regeneration. Addi-
tionally, these exosomes were equipped with markers for
visualisation via magnetic resonance imaging, enabling
real-time monitoring of the treatment process. The study
results demonstrated that such exosomes could effectively
increase bone mineral density, facilitate bone regenera-
tion, and simultaneously improve osteoporosis diagnos-
tics. In the work by B. Yun et al. [10], the researchers in-
vestigated the effect of bovine milk-derived exosomes on
osteoporosis prevention. They conducted an experiment
on mice with induced osteoporosis and found that the ex-
osomes contributed to reduced bone mass loss, improved
bone mineralisation, and normalisation of gut microbiota.
The researchers hypothesised that these exosomes could
potentially be used for osteoporosis prevention in humans.

Thus, while a substantial number of studies have been
dedicated to osteoporosis and breast milk donors, insuffi-
cient research has focused on monitoring and preventing
osteoporosis development in breast milk donors, neces-
sitating the current study. The objective of this work was
to investigate physiological changes during lactation and
determine the peculiarities of milk donation. To achieve
this goal, the following research tasks were performed:
conducting a comparative analysis of bone mineral density
indicators, biochemical parameters, and anthropometric
characteristics in breast milk donors versus breastfeeding

women who were not donors to identify differences in os-
teoporosis risk levels; assessing the influence of hormo-
nal-metabolic factors (prolactin, oestrogens, parathyroid
hormone, calcitonin) and nutritional status (calcium, vita-
min D, protein intake, etc.) on the development of osteo-
penic and osteoporotic changes under varying durations
and volumes of lactation; and developing evidence-based
recommendations for the prevention and monitoring of
bone tissue status in breast milk donors based on the re-
sults of a comprehensive risk assessment (anthropometric,
biochemical, hormonal, and functional).

MATERIALS AND METHODS

This study had a cross-sectional design and covered the
period from January 2023 to January 2025. Data collection
was conducted at the Kyiv City Perinatal Centre. Contact
details of the female participants were obtained through
a network of healthcare institutions collaborating with
the breast milk bank at the Kyiv City Perinatal Centre. All
participants provided informed consent under conditions
of personal data confidentiality and anonymity. Initially,
a search and analysis of medical records were performed
for patients aged 18 to 45 who were under observation
at the institution during 2023-2024 and met predefined
inclusion criteria: at least six months of breastfeeding
experience within the past year, confirmed or current
breast milk donation (for the main group), and availabil-
ity of complete data on anthropometric measurements,
densitometry results, and biochemical parameters in the
medical records. Exclusion criteria included diagnosed
osteoporosis or other metabolic bone disorders, use of
medications significantly affecting bone tissue metabo-
lism (bisphosphonates, glucocorticoids, etc.), and preg-
nancy at the time of the study. Ultimately, 260 medical re-
cords were selected, of which 126 belonged to women who
were breast milk donors and 134 to breastfeeding women
who did not donate. The mean age of participants in the
main group was 29.1+4.8 years, while that of the control
group was 30.4 % 5.2 years; the average total lactation du-
ration (including active donation periods) among donors
reached 18.7+6.3 months, compared to 15.4+ 5.7 months
in non-donor breastfeeding women.

The study employed a range of methods to ensure
a comprehensive assessment of bone tissue status and
associated risk factors. Firstly, the patients’ medical re-
cords contained densitometry results obtained using the
portable ultrasound densitometer Sunlight MiniOmni™
(Israel), with a subset of women additionally undergo-
ing forearm dual-energy X-ray absorptiometry (DXA)
to verify and refine diagnostic parameters. Both meth-
ods provided a T-score, comparing the subjects’ bone
mineral density with reference values for healthy young
women. Secondly, laboratory test results were extract-
ed from medical records: levels of 25-hydroxyvitamin D,
calcium, phosphorus, osteocalcin, and type I procolla-
gen N-terminal propeptide (P1NP), which reflect bone
metabolism. Blood samples were collected in a certified
laboratory using validated diagnostic kits for each assay.
Thirdly, anthropometric measurements (weight, height)
and the derived body mass index (BMI) were included,
along with documented data on lactation duration, re-
productive health status, and the frequency and volume
of blood donation, as recorded in the relevant sections
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of the medical records. Thus, by analysing the available
parameters, an extended profile was obtained regarding
nutrition, physical activity levels, harmful habits, and
other lifestyle factors potentially influencing bone health.

During data interpretation, quantitative T-score val-
ues were considered (>-1=normal, -1 to -2.5 =osteopenia,
<-2.5 = osteoporosis), alongside deviations of laboratory
markers from their reference ranges. The numerical data
were cross-referenced with clinical information from pa-
tient records (family history, prior fractures, harmful
habits, lactation duration, etc.) to identify potential as-
sociations. Where significant differences were observed,
conclusions were drawn regarding the possible role of
lactation and blood donation in increasing the risk of os-
teopenia or osteoporosis. The study adhered to the ethical
standards outlined in the Declaration of Helsinki [11] and
current national legislation [12, 13]. All women whose data
were included provided informed consent for the use of

their medical records for research purposes, and personal
identifiers were anonymised during data processing.

RESULTS

According to the systematic review and meta-analysis by
N. Salari et al. [14], the global prevalence of osteoporosis
in adults prior to 2021 was 18.3%, with rates of 23.1% in
women and 11.7% in men. In Ukraine specifically, the prob-
ability of fractures was 5.5% at age 40, 11% at 75 years, and
slightly decreased to 10% after 90 years [15]. Insufficient
timely diagnosis and prevention may lead to significant
deterioration in quality of life and increased economic bur-
den associated with fracture treatment. In this study, all
(n=260) women underwent data collection on osteoporosis
risk factors, analysis of their impact on bone tissue status,
and development of individualised prevention recommen-
dations. The relevant information extracted from their
medical records is presented in Table 1.

Table 1. Documented risk factors for osteoporosis in breast milk donors
and breastfeeding non-donor women according to medical records (n=260)

Parameter (as per medical records) Option Donor group (n=126) | Breastfeeding non-donors (n=134)
Yes 45 40
Family history of osteoporosis No 63 70
Unknown 18 24
Mother 20 18
Father 10 8
Maternal grandmother 15 12
. i . . Maternal grandfather 5 3
Relative diagnosed with osteoporosis
Paternal grandmother 12 10
Paternal grandfather 3 2
Sibling 8
Other 2 1
Yes 15 10
Fractures after the age of 30
No 111 124
Awareness of personal bone mineral Yes 10 15
density (BMD) value No 116 119
>-0 20 35
-0.1t0-0.9 50 55
Documented T-score (DXA/US), total -1to-14 25 24
126 and 134 individuals -1.5t0-1.9 17 10
-2to-2.4 7
<-2.5 5 3
Daily 50 60
Several times a week 45 50
Frequency of dairy consumption Once a week 20 15
Less than once a week 8 5
None at all 3 4
Additional intake of vitamin D or Yes 35 45
calcium supplements No 91 89
Vitamin D3 2,000 IU 15 20
Ici 1 12
Name and dosage (if recorded in medical Ca. c1ur.n D3 Nycomed 0
history) Vitamin D3 5,000 IU 5 8
Other (specified different
5 5
drug/dosage)
None 2 1
Number of protein servings per day 1 serving 30 25
(according to dietary records) 2 servings 60 70
3 servings or more 34 38
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Table 1. Continued

Parameter (as per medical records) Option Donor group (n=126) | Breastfeeding non-donors (n=134)
1 child 60 70
Number of children breastfed by the i zﬁﬂjisﬁ 41“5) ?f)
woman
Other _(4 or more 1 9
children)
6-12 months 30 35
Total duration of breastfeeding (in 13-24 months 40 20
months) 02t5h—36 g};)fnthst 20 25
er (differen
durfaltion) 36 24
Daily 15 20
Several times a week 40 50
Frequency of physical exercise Once a week 30 35
Less than once a week 25 15
None at all 16 14
Yes 5 3
Presence of harmful habits (smoking) No 110 125
Former smoker (quit) 11 6
Daily 0
. Several times a week 5 3
Presence of harmful habits (alcohol
consumption) Once a week 15 10
Less than once a week 50 60
None at all 56 61

Notes: respondents could indicate multiple relatives with osteoporosis; therefore, the total number of such cases may
exceed the number of women who answered “Yes” in the family history section

Source: compiled by the authors

The analysis of risk factors in 126 breast milk donors
revealed that 35.7% of respondents had a family histo-
ry of osteoporosis, whereas among breastfeeding wom-
en who were not donors (n=134), this figure was 29.9%.
The most frequently mentioned relatives were moth-
ers (15.9% in donors vs 13.4%), maternal grandmothers
(11.9% vs 8.9%), and fathers (7.9% vs 6%), indicating a
predominant influence of the maternal lineage on oste-
oporosis risk. Fractures after the age of 30 were reported
in 11.9% of donors (most commonly wrist fractures —
5.6%), compared to 7.5% in the control group. At the
same time, 92.1% of donors were unaware of their own
bone mineral density (BMD) values, while among breast-
feeding non-donors, this figure was 88.8%. Only 7.9%
were aware of their T-score, with most reported values
indicating osteopenia (ranging from -1 to -2). Just 39.7%
of donors consumed dairy products daily, and 72.2% did
not supplement with vitamin D or calcium, which was
worse compared to breastfeeding non-donors (44.8% and
66.4%, respectively). The largest proportion of donors
(47.6%) had breastfed one child, and the total duration
of lactation was predominantly 13-24 months (31.7%) or

6-12 months (23.8%). Regular physical activity several
times a week was reported by 31.7% of donors (vs 37.3%
in the control group), with aerobic exercise being the
most common (55.6%). The majority of donors did not
smoke (87.3%) or consume alcohol (44.4%); however, in
the control group, 93.3% were non-smokers, and 45.5%
completely abstained from alcohol [16].

The presented data suggest that breast milk donors
exhibit a higher prevalence of family history of osteopo-
rosis, more frequent fractures, lower awareness of bone
mineral density, poorer dietary habits, and reduced physi-
cal activity compared to women who breastfeed only their
own children. This raises the possibility that breast milk
donation may serve as an additional risk factor for oste-
oporosis development, warranting increased attention to
preventive measures. Assessment of bone mineral density
using ultrasound and forearm DXA densitometry in the
studied sample of breast milk donors (n=126) and breast-
feeding non-donors (n = 134) revealed a differential dis-
tribution of T-score values. Detailed results are presented
in Table 2, which shows the number of participants with
normal values, osteopenia, and osteoporosis.

Table 2. Assessment of bone mineral density using ultrasound
and forearm DXA densitometry in the studied samples (n = 260)

Group/Method Normal (T >-1) Osteopenia (-2.5 < T < 1) | Osteoporosis (T €-2.5)
Donors (n=126), ultrasound densitometry 70 46 10
Donors (n=126), DXA densitometry 65 48 13
Breastfeeding non-donors (n=134), ultrasound 92 35
Breastfeeding non-donors (n=134), DXA 89 38

Source: compiled by the authors
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The assessment of bone mineral density (BMD) in 260
women (126 breast milk donors and 134 breastfeeding
non-donors) using ultrasound densitometry and forearm
DXA revealed that among donors, eumineralization (T
>-1) was detected in 55.6% of cases, osteopenia (-2.5< T
< -1) in 36.5%, and osteoporosis (T <-2.5) in 7,9%. In the
control group, these figures were 68.7%, 26.1%, and 5.2%,
respectively. Meanwhile, DXA identified eumineralisation
in 51.6% of donors, osteopenia in 38.1%, and osteoporo-
sis in 10.3%, whereas in non-donors, the corresponding

values were 66.4%, 28.4%, and 5.2%. DXA densitometry
demonstrated higher sensitivity in diagnosing osteo-
porosis, particularly in the donor group, reinforcing the
need for FRAX tool application to assess fracture risk. An-
thropometric measurements conducted among the par-
ticipants allowed for the evaluation of BMI distribution
as well as the determination of mean weight and height
values. Detailed results regarding BMI distribution and
descriptive statistics for weight and height are presented
in Table 3.

Table 3. Anthropometric parameters of human milk donors and breastfeeding non-donor women (n=260)

Parameter Value Donors (n=126) Breastfeeding non-donors (n=134)
Underweight (BMI< 18.5 kg/m?) BMI<18.5 7 5
Normal weight (BMI 18.5-24.9 kg/m?) 18.5<BMI< 25 65 75
Overweight (BMI 25-29.9 kg/m?) 25<BMI< 30 37 35
Obesity (BMI > 30 kg/m?) BMI >30 17 19
Weight (kg) Mean * Standard deviation 66%13 63%11
Height (m) Mean * Standard deviation 1.64+0.06 1.66+0.08

Source: compiled by the author

The obtained data indicate that human milk donors
exhibit a distinct BMI distribution, which may adverse-
ly affect bone tissue status and underscores the neces-
sity of an individualised approach to osteoporosis risk
assessment. The analysis revealed that 51.6% of donors
(n=126) had normal weight (BMI 18.5-24.9 kg/m?), 29.4%
were overweight, 13.5% had obesity, and 5.6% were un-
derweight. In the control group of breastfeeding non-do-
nor women (n = 134), normal weight was recorded in
55.9%, overweight in 26.1%, obesity in 14.2%, and un-
derweight in 3.7%. The mean weight among donors was
66 * 13 kg, compared to 63+ 11 kg in the control group;
mean height was 1.64%0.06 m in donors and 1.66+0.08 m
in the control group. Overweight and obesity in women of

reproductive age may induce complex hormonal changes
during lactation, while underweight is associated with
decreased oestrogen levels and insufficient calcium and
vitamin D intake. The anthropometric measurements
highlight the need for an individualised approach to os-
teoporosis risk assessment in human milk donors, con-
sidering their BMI, dietary habits, and lifestyle. To eval-
uate bone metabolism and vitamin D status, biochemical
parameters were analysed in the study cohort. Levels of
25-hydroxyvitamin D, calcium, phosphorus, osteocalcin,
and PINP were assessed. The obtained data, including
mean values, standard deviations, and the number of
participants with deviations from reference ranges, are
presented in Table 4.

Table 1. Biochemical parameters of human milk donors and breastfeeding non-donor women (n=260)

Reference Donors (n=126) No. with Breastfeedu_lg No. with abnormal
Parameter non-donors (n=134)
range Mean = SD abnormal values values
mean +SD
25-Hydroxyvitamin D (ng/mL) 30-100 23*8 85 28+10 60
Calcium (mmol/L) 2.15-2.55 2.25+0.12 25 2.33%£0.14 15
Phosphorus (mmol/L) 0.87-1.45 1.1+0.17 20 1.18+0.19 10
Osteocalcin (ng/mL) 11-43 3014 38 26+10 22
P1NP (ng/mL) 19-76 48+20 33 43+15 17

Source: compiled by the authors

Obtained results indicate the necessity for compre-
hensive osteoporosis prevention measures among breast
milk donors, as they exhibit a higher prevalence of bone
tissue metabolism disorders and 25-hydroxyvitamin D de-
ficiency (67.5% vs 44.8%), with mean vitamin D levels be-
ing only 23+ 8 ng/mL compared to 28 + 10 ng/mL in the
control group. Deviations in calcium levels from the norm
were observed in 19.8% of donors vs 11.2%, with mean cal-
cium levels at 2.25+0,12 mmol/L vs 2.33+0.14 mmol/L and
phosphorus at 1.1£0.17 mmol/L vs 1.18£0.19 mmol/L, fur-
ther confirming mineral metabolism instability in donors.
Elevated osteocalcin levels (30.2% vs 16.4%, mean values
30%14 vs 26+ 10 ng/mL) and PINP (26.2% vs 12.7%, mean
values 48 £20 vs 43+ 15 ng/mL) indicate intensive bone re-

modelling, which, under conditions of vitamin D and calci-
um deficiency, may increase fracture risk.

Hormonal profile analysis of breast milk donors
(n = 126) revealed significant differences compared to
breastfeeding women who were not donors (n=134). Pro-
lactin levels in donors reached 76.6% of the upper limit of
normal (vs 48.8% in controls), leading to suppressed ovar-
ian function and reduced oestrogen levels. In the follicular
phase, donors’ estradiol levels were only 10.3% of the up-
per limit (vs 24.3% in controls), while in the luteal phase,
they were 15.5% vs 27.9%. Concurrently, parathyroid hor-
mone levels in donors reached 94.4% of the upper limit (vs
76.4%), and calcitonin levels were only 42.9% (vs 60.4% in
controls), exacerbating bone resorption.
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Prolonged lactation (over 12 months) and milk do-
nation may lead to sustained reductions in bone mineral
density due to hypoestrogenism and calcium depletion.
The most significant bone loss occurs during the first 6
months of lactation, after which the rate of decline slows,
and post-lactation, gradual bone mass recovery typically
occurs. However, with lactation and donation exceeding
18-24 months, irreversible bone structural changes may
arise. These findings suggest an elevated osteoporosis risk
among breast milk donors, necessitating further research
and preventive strategies accounting for hormonal status
and lactation duration.

Comprehensive prevention and correction of bone tis-
sue disorders during lactation require consideration of in-
dividual metabolic characteristics, breastfeeding duration,
and milk donation volume. Prolonged lactation increases
the demand for mineral resources, primarily calcium, po-
tentially reducing bone mineral density. Additional milk
donation exacerbates this process due to accelerated loss
of bone-essential micronutrients and proteins. With ade-
quate loss compensation and post-lactation hormonal re-
covery, bone mass often restores; however, prolonged and
intensive breastfeeding may worsen osteopenic changes.
Thus, guideline development must involve individual risk
factor assessment and integrated approaches to nutrition,
diagnostics, monitoring, and physical activity.

A balanced diet, accounting for optimal quantitative
and qualitative characteristics of micro- and macronutri-
ents, is fundamental for maintaining bone tissue through-
out the entire lactation period. In women with an average
duration of breastfeeding (6-12 months), the requirements
for calcium and vitamin D typically align with general-
ly accepted norms: 1,000-1,300 mg of calcium and 600-
800 IU of vitamin D per day, provided that plasma 25(0OH)
D (25-hydroxyvitamin D) levels remain within >30 ng/mL.
If breastfeeding extends beyond one year — particularly
under conditions of regular breast milk donation (>2-3 L
per week) — it is advisable to adjust the diet by increasing
daily calcium intake to 1,300-1,500 mg and, if necessary,
consider higher doses of vitamin D (1,000-2,000 IU), guided
by laboratory monitoring results (e.g., in cases of 25(OH)
D < 20 ng/mL, a temporary increase to 4,000 IU per day
may be warranted). Magnesium, which plays a role in reg-
ulating bone tissue metabolic pathways, should be main-
tained within a range of 300-400 mg per day; serum mag-
nesium levels are recommended to remain no lower than
0,8 mmol/L. Optimal protein intake typically amounts to
approximately 1.2-1.5 g/kg of body weight, as lactogene-
sis requires increased protein support. In cases of low BMI
(<18.5 kg/m2), it may sometimes be appropriate to raise
this amount to 1.6-1.8 g/kg.

The diet should ideally include sufficient high-qual-
ity proteins of both animal and plant origin (meat, fish,
legumes, nuts), as well as an adequate intake of calci-
um-rich foods: dairy products (cheese, kefir, yogurt), leafy
green vegetables, cabbage, sesame seeds, and almonds.
Vitamin D is partially synthesised under ultraviolet ex-
posure; however, during autumn and winter or in cases of
insufficient regular sunlight exposure, supplementation
in doses determined by 25(0OH)D analysis is recommend-
ed (monitoring should be conducted every 3-4 months in
cases of pronounced deficiency). In the event of vitamin K

insufficiency — which is involved in the synthesis of pro-
teins required for calcium fixation in bone tissue — it is
advisable to increase the consumption of green vegetables
and consider specialised supplementation (particularly
vitamin K2 in doses of 100-200 pg/day), especially when
densitometric parameters indicate progressive declines in
mineral density.

Regular diagnostic assessment and monitoring of
bone tissue status are essential. Initial screening is rec-
ommended at the onset of breastfeeding (or during the
planning stage of donation) to evaluate baseline mineral
density. The most informative method is considered to be
DXA (dual-energy X-ray absorptiometry), which quantifies
bone mineral density in high-risk fracture zones (lumbar
spine, femoral neck). A T-score between -1 and -2.5 indi-
cates osteopenia, reflecting moderate bone mineral densi-
ty reduction, while a T-score <-2.5 signifies osteoporosis.
In women with prolonged lactation (over 12 months) and
in donors providing large volumes of milk (cumulatively
exceeding 15-20 L per month), repeat DXA scans are rec-
ommended every 6-12 months, depending on the severity
of prior changes and fracture risk levels. If DXA is unavail-
able, ultrasound densitometry (forearm) may serve as a
screening method; however, if abnormalities are detected,
DXA should be supplemented for more precise bone sta-
tus assessment. Biochemical markers of bone formation
and resorption (osteocalcin, PINP, B-CrossLaps), as well
as serum levels of calcium, phosphorus, magnesium, and
25(0H)D, should ideally be evaluated every 6-8 months
during prolonged lactation and every 3-4 months in cas-
es of osteopenia or osteoporosis. If 25(OH)D levels are
<20 ng/mlL, targeted correction (up to 4,000 IU of vita-
min D3 per day under calcium level and renal function
monitoring) is advisable.

Physical activity is a key factor in the prevention of os-
teopenic changes and osteoporotic fractures. Weight-bear-
ing exercise (strength training, free weights or ma-
chine-based exercises, bodyweight exercises) promotes
osteoblast activation and increases bone mass. It is recom-
mended to engage in at least 150 minutes per week of mod-
erate-intensity aerobic exercise (e.g., brisk walking or light
jogging at 60-70% of maximum heart rate) and incorporate
2-3 strength training sessions per week, each lasting 30-40
minutes, with a working weight of approximately 40-60% of
1RM (one-repetition maximum). The average Rating of Per-
ceived Exertion should be maintained at 12-14 (on the 6-20
scale), avoiding excessive strain that may be detrimental
to lactating mothers with insufficient recovery. For breast-
feeding women, an individualised approach is applied, con-
sidering their fitness level, postpartum musculoskeletal
changes, and general well-being. Consultation with a phys-
ical rehabilitation specialist or sports medicine expert can
help tailor the programme to the individual’s condition.

Individual adjustments to recommendations depend
on the degree of bone mineral density (BMD) loss. In cases
of osteopenia (T-score between -1 and -2.5), it is usually
sufficient to enhance dietary intake of calcium, vitamin D,
magnesium, and protein, alongside introducing regu-
lar physical activity with an emphasis on weight-bearing
exercises and moderate impact loading (jogging or brisk
walking). Additional calcium supplementation (1,000-
1,200 mg/day of elemental calcium) combined with
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vitamin D (depending on 25(OH)D levels) is considered a
preventive measure to stabilise bone tissue. In cases of low
physical activity or insufficient sun exposure, more careful
vitamin D correction with possible dose adjustment is re-
quired. A BMI <18.5 kg/m? or >30 kg/m? increases the risk
of metabolic and hormonal disturbances, which may wors-
en bone health, necessitating careful dietary and exercise
modifications in these cases.

In the presence of osteoporotic changes (T-score
<-2.5), standard measures may be insufficient. Further
diagnostic evaluation is recommended to exclude sec-
ondary causes of osteoporosis, including assessment of
parathyroid hormone, calcitonin, and estradiol levels, as
well as consultation with an endocrinologist or other rele-
vant specialist. Where indicated, specific pharmacological
agents (bisphosphonates, denosumab, selective estrogen
receptor modulators) may be prescribed; however, most of
these have restrictions during active lactation. Therefore,
in cases of severe osteoporosis requiring continued breast-
feeding, alternative correction strategies (e.g., high-dose
vitamin D and calcium supplementation, enhanced diet,
specialised physical therapy programmes) should be con-
sidered. After cessation of lactation, all available medical
treatment strategies may be implemented in consultation
with a physician.

The duration of breastfeeding should be guided by
health status and bone density indicators. In cases of ear-
ly osteopenia, prolonged lactation (beyond 12-18 months)
necessitates more frequent densitometry, careful hormo-
nal monitoring, and active dietary adjustments, including
revised vitamin D and calcium dosages. Concurrently, prac-
tical considerations (e.g., daily routine management, work-
rest balance) may be decisive in shaping individualised
recommendations. With a proactive approach to diagnosis
and prevention, the risk of persistent osteoporotic changes
is significantly reduced, even with prolonged breastfeeding
or intensive milk donation.

According to current research, evaluating biochemi-
cal markers (25(OH)D <20 ng/mL, osteocalcin >43 ng/mL,
PINP > 76 ng/mL) alongside DXA results (T-score below
-1.5) improves the reliability of bone health risk assess-
ment. Women with prolonged lactation and early signs
of bone deterioration (T-score between -1 and -2) should
undergo biennial screening and continued monitoring
post-weaning, as bone mineral density recovery may take
several months to a year or longer. For women with shorter
lactation periods (<6 months) or no additional milk dona-
tion, annual monitoring is typically sufficient unless other
significant risk factors are present (e.g., family history of
osteoporosis, BMI <18.5 kg/m?, physical inactivity). Mod-
erate but consistent physical activity, correction of nutri-
tional deficiencies, and biomarker monitoring contribute
to bone structure stabilisation and, under favourable con-
ditions, restoration.

Thus, for the comprehensive prevention and correc-
tion of osteopenic and osteoporotic changes during lacta-
tion, it is recommended to maintain a balanced diet that
accounts for increased requirements of calcium, vitamins D
and K, magnesium, and protein, incorporate regular physi-
cal activity (primarily weight-bearing and aerobic exercises
within 150-180 minutes per week), conduct screening and
dynamic monitoring of bone tissue status (densitometry,

blood tests), rationally plan the duration of breastfeeding
and milk donation, and implement additional corrective
measures if osteopenia or osteoporosis is detected. This
strategy helps preserve adequate bone quality and reduces
the risk of fractures in the postpartum period and in the
future.

DISCUSSION

The study demonstrated that breast milk donors have a
higher incidence of osteopenia and osteoporosis compared
to breastfeeding women who are not donors. It was found
that 38.1% of donors exhibit osteopenia according to DXA
densitometry, while 10.3% have osteoporosis, whereas in
the group of breastfeeding non-donors, these figures are
28.4% and 5.2%, respectively. Biochemical analysis re-
vealed significantly lower levels of 25-hydroxyvitamin D
(23 £8 ng/mL in donors vs 28 * 10 ng/mL in the control
group), which may be one of the contributing factors to
the increased osteoporosis risk. Hormonal status analysis
confirmed elevated prolactin and reduced estradiol levels
in donors, which may also influence bone metabolism.

According to the study by M. Aghaei et al. [17], preg-
nancy- and lactation-associated osteoporosis is a rare but
potentially serious condition that may lead to fractures in
postpartum women. The study documented three clinical
cases of women who experienced significant bone miner-
al density loss and vertebral fractures following childbirth
and during lactation. It was found that two of the three
patients had vitamin D deficiency, and their bone min-
eral density (T-score) in the lumbar spine ranged from
-3.1 to -3.6, substantially exceeding typical osteopenia
thresholds. The difference between this study and the cur-
rent findings lies in the fact that M. Aghaei et al. focused
on lactation-associated osteoporosis as a rare syndrome,
whereas the present study examines breast milk donation
as a potential systemic risk factor with a gradual impact
on bone mineral density. This may indicate the necessity
of expanded screening and early detection of mineral den-
sity abnormalities in breastfeeding women before clinical
symptoms or fractures manifest.

The current study provided a detailed account of how
prolonged lactation and breast milk donation may lead
to temporary depletion of bone mineral density. It high-
lighted that during lactation, hypoestrogenemia and sig-
nificant calcium expenditure for milk production can re-
sult in reduced bone mass in women, increasing the risk
of osteopenia and osteoporosis. The data underscore the
need for regular monitoring of bone tissue status (e.g., via
densitometry) in milk donors and the implementation of
measures for rapid bone density recovery after lactation
cessation. In another study by M. Fukushima et al. [18],
international findings on pregnancy- and lactation-asso-
ciated osteoporosis were summarised. A meta-analysis of
eight studies indicated that approximately 5% of women
in the first year postpartum had spinal osteoporosis, while
up to 12% exhibited femoral neck osteoporosis. Pregnan-
cy and breastfeeding significantly increased fracture risk
in these women, aligning with the current study’s data on
the adverse effects of lactation on bone. The meta-anal-
ysis authors emphasised the necessity of a standardised
approach to bone status assessment in the postpartum pe-
riod for timely detection and management of osteoporotic
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changes. Thus, the results of M. Fukushima et al. support
the conclusions of the present study that lactation may
cause substantial bone mass loss, and variations in oste-
oporosis incidence may stem from differences in sample
characteristics and preventive measures. Notably, milk do-
nors are typically under medical supervision and receive
recommendations, which may reduce the actual prevalence
of osteoporotic lesions compared to the general population
represented in the meta-analysis.

The present study has identified vitamin D deficiency as
one of the key risk factors for osteoporosis in breastfeeding
mothers. The issue lies in the fact that insufficient 25(OH)
D levels in lactating women reduce intestinal calcium ab-
sorption and impair bone tissue remodelling, accelerating
bone mass loss. The study provided data on vitamin D levels
in breastfeeding mothers, demonstrating that a significant
proportion of women exhibit insufficiency or deficiency of
this vitamin postpartum, which correlates with alterations
in bone turnover markers. For prevention, correction of the
deficiency is proposed — either through dietary enrichment
with cholecalciferol or supplemental vitamin D intake. The
significance of this aspect is supported by the study by
X. Chen et al. [19], which revealed that among postmeno-
pausal women with osteopenia/osteoporosis, over 47% had
vitamin D deficiency (25(OH)D levels <20 ng/mL), while ap-
proximately 34% exhibited insufficiency. Low 25(OH)D lev-
els were associated with elevated parathyroid hormone and
bone resorption markers, as well as reduced bone mineral
density (BMD) values. In the osteoporosis group, higher
vitamin D levels significantly correlated with greater BMD
in the femoral neck and hip joint. Thus, the findings of
X. Chen et al. demonstrated a causal relationship between
vitamin D hypovitaminosis and bone deterioration. The
current study aligns with these conclusions: although the
participants differ in age, the biological role of vitamin D in
maintaining bone homeostasis is similar. Potential discrep-
ancies concern the degree of impact — in postmenopausal
women, prolonged vitamin D deficiency manifests as more
pronounced osteoporosis, whereas in breastfeeding moth-
ers, short-term deficiency may be compensated more rap-
idly if corrected in a timely manner. This underscores the
importance of monitoring 25(OH)D levels and early in-
tervention, as reflected in the study’s recommendations.

The present study emphasised the role of nutrition
in breastfeeding mothers as a critical component of oste-
oporosis prevention. The identified issue was insufficient
intake of key nutrients for bone health — primarily calcium
and high-quality proteins — which could hinder bone mass
recovery during and after lactation. The study elaborates
that lactation increases calcium demand: if maternal diet
does not provide sufficient intake (=1,000-1,200 mg Ca/
day), the body mobilises calcium from bones for milk se-
cretion, thereby weakening the skeletal system. Similarly,
the study highlighted the role of dietary protein: amino ac-
ids are essential for collagen matrix synthesis in bones, and
protein deprivation may delay bone tissue remineralisa-
tion. As a preventive measure, a balanced diet rich in dairy
products (as a calcium source) and protein were recom-
mended, or supplementation if dietary intake is inadequate.
These findings are consistent with the review by G. Ked-
zia et al. [20], which analysed recent data on protein intake
and bone health. According to G. Kedzia et al., adequate

calcium and vitamin D intake are fundamental for main-
taining bone mass, yet without sufficient protein, bone
loss occurs significantly faster. Protein constitutes approx-
imately 50% of bone volume and one-third of its mass,
influencing collagen formation and hormonal regulation,
particularly by stimulating IGF-1 synthesis, which pro-
motes bone formation. Thus, dietary protein is considered
an equally critical factor in bone nutrition alongside calci-
um. The review also noted that protein excess per se does
not harm bones in healthy individuals: potential adverse
effects (increased calcium excretion) are observed only in
patients with renal insufficiency. Therefore, for most in-
dividuals, a high-protein diet — provided calcium intake is
sufficient — is either safe or even beneficial for bone health.
Compared to the current study, G. Kedzia et al. expanded
the focus on the protein component, whereas the present
study prioritises calcium (given its evident depletion dur-
ing lactation). These differing approaches are not contra-
dictory but complementary: a comprehensive osteoporosis
prevention strategy for breastfeeding mothers should in-
clude both optimal calcium provision and adequate dietary
protein — consistent with both sources.

The present study examined the issue of hypodynamia
in breastfeeding women as a risk factor for accelerated bone
mass loss. Due to postpartum fatigue and the demands of
infant care, many lactating women may reduce their physi-
cal activity levels, which adversely affects bone remodelling
(the absence of sufficient mechanical loading diminishes
the stimulus for bone formation). The study concluded that
regular physical activity, particularly weight-bearing exer-
cises (walking, running, resistance training), is an essential
component of osteoporosis prevention in this group. Early
resumption of physical activity postpartum (accounting for
health status) is recommended, as it promotes both bone
strengthening and improved overall metabolism. The effi-
cacy of this approach is supported by the results of a large
prospective study by Y. Yue et al. [21]. In this study, which
followed 24,700 elderly individuals for approximately three
years, it was found that moderate daily physical activity
significantly reduces the incidence of osteoporosis. Specif-
ically, individuals who walked outdoors for more than 30
minutes per day had a 17% lower risk of developing oste-
oporosis compared to sedentary individuals (hazard ratio
HR =~ 0.83), while those who walked more than 60 minutes
daily experienced a 40% risk reduction (HR = 0.6). The au-
thors emphasised a dose-dependent protective effect:
longer walking durations correlate with a lower likelihood
of osteoporosis. This association was observed across all
subgroups, though it was most pronounced in individuals
without a high genetic predisposition. Thus, the study by
Y. Yue et al. confirmed a fundamental thesis shared with the
present research: physical activity is a simple and effective
means of preventing bone mass loss. Although Y. Yue et al.
assessed an elderly population, the principle of mechan-
ical bone stimulation is universal and applies equally to
younger women. Differences may lie only in the type of
recommended activity: walking suffices for older individ-
uals, whereas more intensive exercises may be advisable
for younger breastfeeding women (provided no contrain-
dications exist). Ultimately, both studies highlighted that
maintaining an adequate level of physical activity pro-
motes bone density recovery and reduces osteoporosis risk.
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The present study also identified a correlation between
anthropometric characteristics of lactating women and
their bone health status. The issue is framed as follows:
women with low BMI or insufficient body weight during
lactation may be more vulnerable to bone mass loss. It is
noted that lean donors, particularly those who experienced
rapid postpartum weight loss, exhibit lower bone mineral
density (BMD). A possible mechanism involves a combina-
tion of factors: reduced mechanical load on the skeleton,
lower nutrient and oestrogen reserves in adipose tissue,
and intense metabolic demands of lactation amid limited
physiological reserves. Conversely, women with higher BMI
(within normal or moderately elevated ranges) may have
some protection against osteoporosis due to greater skel-
etal loading and higher levels of leptin and oestrogens de-
rived from adipose tissue.

These findings are corroborated by a large-scale study
by C.T. Chiu et al. [22], which analysed data from ~14,000
Taiwanese individuals and established a strong association
between body weight and bone density: higher BMI was
statistically linked to greater BMD and lower osteoporosis
risk. Crucially, low body weight emerged as an independent
predictor of osteoporosis progression. In the underweight
subgroup, osteoporosis incidence was significantly higher
than in those with normal BMI. Conversely, the authors
identified a BMI range of ~23-24.9 kg/m? as optimal for
fracture prevention; below this threshold, osteoporosis
risk progressively increased. These results align with the
conclusions of the present study: maintaining a healthy
body weight is a modifiable factor that can reduce the like-
lihood of bone density loss. Minor discrepancies may arise
from the fact that postpartum women experience dynamic
weight fluctuations (physiological weight loss after preg-
nancy is possible, as is weight gain due to excessive caloric
intake). The data from C.T. Chiu et al. indicate that rap-
id weight loss (>5-10% in a short period) adversely affects
bones - a critical consideration when advising lactating
women: excessive postpartum weight loss is detrimental to
skeletal health. Overall, both studies confirm that anthro-
pometric indicators (primarily BMI) are interrelated with
bone mineral density, and maintaining body weight within
the normal range is a key component of osteoporosis pre-
vention in breastfeeding women. Prolonged breastfeeding
increases calcium demand, which may lead to reduced ma-
ternal BMD. The present study underscores the importance
of monitoring bone mass in donors and preventing oste-
oporosis through timely osteopenia diagnosis and correc-
tive measures (dietary adjustments, calcium and vitamin D
supplementation, etc.).

The study by E.N. Lee et al. [23] synthesised data from
7 trials involving 3,813 postmenopausal women and found
that prolonged lactation history was associated with an in-
creased risk of osteoporosis. According to the meta-anal-
ysis, women who breastfed for the longest duration had
nearly twice the odds of developing osteoporosis (OR = 1.93)
compared to those who breastfed for shorter periods. The
authors concluded that extended lactation periods are as-
sociated with an elevated risk of osteoporosis. This aligns
with the findings of the current study regarding bone mass
loss during prolonged human milk donation. The differ-
ence lies in the fact that E.N. Lee et al. assessed long-term
consequences (in postmenopausal women), whereas the

present study focused on current monitoring of young lac-
tating women. Potential reasons for discrepancies include
population differences (a Korean cohort, differing dietary
habits and genetics) and the possibility that bone loss —
partially reversible after lactation cessation — may still
have long-term effects on bone health decades later. This
study reinforces the argument for monitoring bone status
in women with prolonged breastfeeding periods (such as
milk donors).

Pregnancy, and particularly lactation, induce tempo-
rary remodelling of maternal bone metabolism. In breast
milk donors, this process may be more pronounced due
to intensive and prolonged breastfeeding, necessitating
measures to ensure full bone mass recovery and prevent
osteoporosis. The review by E.M. Winter et al. [24] noted
that physiological skeletal changes during pregnancy and
lactation are typically reversible — maternal bone density
generally recovers almost completely after lactation ces-
sation. Moreover, long-term studies suggest potential mi-
nor localised benefits for future bone density in women
who have undergone pregnancy and lactation. Thus, nor-
mal lactation does not lead to persistent osteoporosis —
most women recover bone mass after weaning. These con-
clusions partially differ from the emphasis of the current
study. While the present research highlighted the risk of
osteoporosis and the need for preventive measures in do-
nors (as a high-risk group due to extended lactation), the
review by E.M. Winter et al. underscores the body’s com-
pensatory capacity. The discrepancy may arise because
the review examines population averages and physiolog-
ical norms, whereas women in milk donation programmes
may breastfeed longer and more intensively than usual.
This creates a scientific debate: on one hand, lactation is
a natural, transient risk factor; on the other, in cases of
exceptionally prolonged lactation (donation), closer mon-
itoring of bone health is warranted - even if recovery oc-
curs in most cases.

E.M. Kyle et al. [25] investigated the dynamics of
bone mineral density during the first year postpartum in
breastfeeding women compared to non-pregnant con-
trols (USA, Nutrients). The study observed 18 lactating
mothers from 4-6 months postpartum until 12 months,
alongside 16 age-matched controls. The present study
highlights potential bone mass deficits in milk donors
and the need for osteoporosis prevention, whereas the
results of E.M. Kyle et al. demonstrated that bone min-
eral density loss during the first year of lactation is mod-
erate and reversible for most women. Both sources agree
on the physiological bone loss during breastfeeding. They
concur that early postpartum skeletal demineralisation
occurs due to calcium mobilisation for lactation. Howev-
er, the current study likely emphasises osteoporosis risk
more, suggesting that without proper monitoring, donors
may accumulate significant bone tissue loss. In contrast,
E.M. Kyle et al. presented more optimistic findings: in the
absence of other risk factors, lactation-induced osteope-
nia is transient and does not lead to fractures or severe
osteoporosis within the first year postpartum. This differ-
ence may stem from variations in lactation duration and
intensity. In E.M. Kyle’s et al. study, many women ceased
breastfeeding before 12 months, whereas milk donors
often continue lactation longer and express substantial
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volumes daily. Thus, donors may experience greater “cal-
cium stress” than the average lactating mother. Another
factor is vitamin D deficiency: if prevalent among donors,
bone loss may be more pronounced. E.M. Kyle et al. did
not report acute vitamin D deficiency in their participants
(the study was conducted in the US with supplement ac-
cess). Hence, differences in baseline vitamin D status and
nutrition may explain why lactation only temporarily re-
duces bone mineral density in some cases but potentiates
osteoporosis in others. Overall, E.M. Kyle’s et al. work sup-
ports the thesis that monitoring bone density — even with
minor changes - is critical: the authors propose tracking
T-scores and remodelling markers to identify women with
excessive bone loss promptly. This aligns with the current
study’s recommendations for regular diagnostics (e.g.,
densitometry) in breast milk donors.

E. Stimer et al. [26] conducted a large-scale retrospec-
tive study in Turkey, examining the association between
the total duration of breastfeeding and bone health in
1,218 postmenopausal women. In addition to measuring
bone mineral density (lumbar spine and femoral neck), se-
rum 25(0OH)D (vitamin D) levels were assessed. The mean
age of participants was ~60 years; according to World
Health Organization criteria, 41.3% had osteoporosis,
while 42% exhibited osteopenia. The work of E. Siimer et al.
directly supports the key hypothesis of the current study:
prolonged lactation may have long-term adverse effects
on a woman’s bone health. This is particularly relevant for
breast milk donors, who often breastfeed for longer than
average. Both studies concur that, without preventive
measures and nutrient supplementation, extended breast-
feeding depletes maternal mineral reserves. The Turkish
study also identified a link with vitamin D, aligning with
the current study’s assumption that vitamin D deficien-
cy in donors may exacerbate osteoporosis. When 25(0OH)
D levels are low, calcium absorption is impaired, acceler-
ating bone mass loss. Both E. Stimer et al. and the authors
of the current approach recommend ensuring adequate
vitamin D and calcium intake in long-term breastfeeding
women. The studies differ in design: the Turkish study is a
retrospective review of postmenopausal women, whereas
the current research focuses on real-time active monitor-
ing of donors. Nevertheless, the findings of E. Siimer et al.
provide insight into a potential long-term outcome: wom-
en with a prolonged cumulative breastfeeding history (of-
ten donors, multiparous mothers, or those who breastfed a
single child for an extended period) face a higher risk of os-
teoporotic fractures later in life. This evidence underscores
the importance of preventive measures proposed in the
current study. Specifically, regular bone density screening
in such women would enable early detection of osteope-
nia before menopause, allowing timely intervention. Both
sources also highlight the significance of modifiable fac-
tors, such as physical activity and body weight. The 2020
study found that higher body weight and an active lifestyle
partially mitigate bone mineral density loss (improving
femoral bone mineral density). This confirms that pre-
ventive strategies should encompass not only calcium and
vitamin D supplementation but also lifestyle recommen-
dations (balanced nutrition, moderate physical activity).

In the current study, the mean 25(OH)D level in
breast milk donors was 23 £ 8 ng/mL, compared to

28 #10 ng/mL in the control group. The majority of do-
nors (67.5%) had vitamin D deficiency, indicating insuf-
ficient intake. X. Ni & W. Xia’s [27] study demonstrated
that, under normal conditions, lactation alters mineral
metabolism, enhancing intestinal calcium absorption
while reducing renal excretion. Most women fully recover
bone mass losses after lactation cessation; however, those
with low baseline bone mass may develop osteoporosis
and osteoporotic fractures. This reinforces the necessity of
additional vitamin D and calcium intake, particularly for
high-demand groups such as breast milk donors.

The current study found that donors exhibit reduced
muscle strength, poorer coordination, and an increased
risk of falls (decreased hand dynamometry in 18% of cases,
prolonged Timed Up and Go test duration in 12%). These
effects may result from elevated energy expenditure and
mineral depletion. D. Athonvarangkul & ]. Wysolmer-
ski’s [28] study analysed the interaction mechanism be-
tween the hypothalamus, mammary gland, and bone tis-
sue during lactation. Adaptive bone remodelling occurs,
but prolonged lactation may reduce bone mass. This re-
search also confirms that lactation affects muscle tone via
hormonal changes, explaining the observed impairments
in muscle strength and coordination.

The current study revealed that breast milk donors
experience more pronounced bone mineral density reduc-
tion, potentially increasing postmenopausal osteoporosis
risk. A. Sarantaki’s [29] study examined the long-term im-
pact of lactation on postmenopausal osteoporosis. Data
across studies are conflicting: some suggest a protective
effect of breastfeeding, while others indicate elevated
bone mass loss risk. These discrepancies may stem from
variations in lactation duration, vitamin D and calcium in-
take, and genetic predisposition.

The current study established that breast milk donors
have an elevated risk of osteopenia and osteoporosis, ne-
cessitating tailored preventive and therapeutic strategies.
Conversely, P. Anagnostis et al. [30] study evaluated the ef-
ficacy of various osteoporosis treatments in women with
PLO. Calcium and vitamin D supplementation improved
bone mineral density, but bisphosphonates and teriparati-
de were most effective. However, their use during lactation
is restricted, highlighting the need for alternative preven-
tion and treatment approaches.

Thus, studies indicated that breast milk donors are
more likely to develop osteopenia and osteoporosis com-
pared to breastfeeding women who are not donors, which
is attributed to vitamin D deficiency, hypoestrogenaemia,
elevated prolactin levels, and additional metabolic calci-
um expenditure during lactation. Several studies have de-
scribed clinical cases of vertebral fractures in women with
pregnancy- and lactation-associated osteoporosis, where
the critical factor is hypovitaminosis D and insufficient
dietary intake of protein and calcium. Meta-analyses con-
firm that prolonged lactation correlates with a significant
reduction in bone mineral density and an increased risk of
fractures in the postpartum period; however, most wom-
en exhibit gradual recovery of bone mass after cessation of
breastfeeding. At the same time, milk donors demonstrated
more pronounced bone tissue loss, likely due to longer and
more intensive lactation, exacerbated by physical inactivi-
ty, low BMI, and other individual risk factors.
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CONCLUSIONS

The conducted study comprehensively demonstrated en-
hanced bone remodelling under conditions of prolonged
lactation, which combines elevated prolactin levels with
transient hypoestrogenaemia in breast milk donors. It
was established that 35.7% of respondents had a familial
predisposition to osteoporosis, while 11.9% had sustained
fractures after the age of 30, underscoring the significant
role of hereditary factors. Among donors, 34.1% were di-
agnosed with osteopenia, 7.9% with osteoporosis, whereas
57.9% exhibited normal densitometry values. Anthropo-
metric analysis revealed that 27.8% of women were over-
weight, 12.7% were obese, and 4% were underweight, con-
tributing to complex alterations in bone tissue metabolism.
Additionally, 59.5% had 25(OH)D deficiency, 15.9% exhib-
ited abnormal calcium levels, and 11.9% had phosphorus
imbalances; 23.8% showed deviations in osteocalcin con-
tent, while 19.8% had altered P1NP levels, indicating vary-
ing bone matrix formation activity.

Assessment of dietary habits demonstrated insuffi-
cient intake of calcium-rich foods: 6.3% of women con-
sumed dairy products less than once a week, and 2.4%
avoided them entirely, potentially compromising calcium
supply. The majority of donors (72.2%) did not supplement
with vitamin D or calcium, whereas 27.8% used appropriate
supplements. It was found that 31.7% of mothers breast-
fed for over a year, and 15.9% for over two years, which,
combined with milk donation, may exacerbate mineral
depletion. Only 11.9% of women engaged in regular daily
physical activity, while 12.7% did not exercise at all. Among
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AHoTaUif. BuBUeHHS CTaHy KiCTKOBOI TKaHMHM KiHOK, SIKi TOAYIOTh HEMOBJIST, € aKTyaJbHUM 3 OISy Ha 3POCTa0uy
MOIIMPEHICTh OCTEOTIeHIUHUX 3MiH i CKIamHi HACHIAKM OIS PenpomyKTUMBHOTO 370POB’sl. MeTOw AOCTIMKeHHS 6y/0
MPOaHaJTi3yBaTH JOHOPCTBO IPYHOTO MOJIOKA SIK IOAATKOBYI (haKTOP PMU3UKY Ta BU3HAUUTH KITIOUOBi YMOBU 36€pesKeHHS
MIITHOCTi KiCTOK y MiC/SITIONOroBMii mepioz. Y Mexkax peTpoCIeKTMBHOTO aHasi3y, MPoBeJeHoro Ha 6a3i KOMYHaIbHOTO
HeKOMepIliitHOoro mignpueMmcTBa «IlepuHaTanbumuit eHTp M. KueBa», BUBYeHO MeauyHi 3ammucy 260 sKiHOK, cepep, SIKUX
126 6ynu mOHOpPKaMM MOJIOKa, a 134 rogyBaiy BiacHUX JiTeil 6e3 moHOpcTBa. Y Mpoleci JOCTiIKeHHS OIliHIOBaIICS
MOKa3HMKM IIiIIbHOCTI KiCTKOBO1 TKAHVHMU, KiJIbKICHI TapamMeTpy KPOBi, iHAeKCc Macy Tisia Ta icTopisi nepesomMiB. KOHTMHTeHT
YYaCHUIIb TOCTiIKEeHHSI (GOPMYBaBCSl uepe3 Mepexy JiKyBaJbHMUX 3aK/IaJiB 32 YMOBM OTpMMaHHS iH(popMoBaHOi 3rogu
Ta 3a6e3neueHHs KOHQiAeHIiTHOCTI TepcoHaMbHUX AaHMX. OCHOBHI pe3y/abTaTy 3aCBiIUmIIN, IO JOHOPKY YaCTillle Maju
BUIAIKY TiepesioMiB micist 30 pokiB (11,9 %), MeHIy 06i3HaHICTh PO CTaH KiCTOK (7,9 % 3HaMM BIACHUI iHOEKC Macu
Tiza) Ta CyTTEBI BimxwiieHHs piBHS BiTaminy D, gediunt sikoro dikcyBaBcs y 67,5 % kiHOK i3 miei rpymm. TTomisk JOHOPOK
29,4 % Masiy HaJJIMIIKOBY Bary, a 13,5 % — oXuUpiHHS, 110 TIEPEBUIIYBAIO aHAJIOTIUHI MOKA3HUKY CepeJi TOMyBaTbHUIIb
6e3 moHopctsa. IloHan 10 % yyacHMIIb-JOHOPOK MPOAEMOHCTPYBAIM PEHTTEHONOTiUHI 03HaKM OCTEOMOPO3Y, TOMi K
Y KOHTPOJIbHII TPyIi Taki 3MiHM OXOIUTIOBAMU G1M3bKO 5 %. Byno BUSIBIEHO, IO TpMBaJIilla JaKTallis 6e3 HaJekHOI
KOpeKIlii xapuyBaHHS i Gi3MUHOI aKTMBHOCTI CIIPUsIE MPOTPECYBAHHIO OCTEOIEHIYHMX MPOIIeCiB. JJOBeIeHO BaXKIUBICTh
PEryJsIpHOTO MOHITOPMHTY O6iOXiMiUHMX MapKepiB Ta BUKOPUCTAHHS NPOGITAKTUYHUX CTpaTeTiii (palioHalibHe
XapuyyBaHHS, KOHTPOIb HAAXOIKeHHs BiTaMiHy D Ta mMOMipHi cuioBi BrpaBu) Ijis 3amobiraHHS YCKIaIHEHHSIM.
ITpakTUYHAa I[iHHICTh Pe3y/IbTaTiB MOJSITa€ B OOIPYHTYBaHHI HEOOXiZHOCTI paHHBOTO 06CTEXKEHHSI LOHOPOK i hopmyBaHHI
iHOMBigyanbHUX peKOMeHZALlilt, 1106 3HM3UTU PU3KK MepeoMiB i 36epertu 340poB’sl MaTepi. 3alpOIIOHOBAHMIT HiAXis
MO)Ke OYTM 3aCTOCOBAHMIT Y MacCIITaGHIIIMX MPOTrpaMax OXOPOHU 3[J0POB’S KiHOK, SIKi TOAYIOTh HEMOBJIAT. Lle 0co6aMBO
BKIMBO JJISI Cy4acHOI MeAVYHOI CITiIIbHOTHM, SIKA TMparHe 3MEeHIIMUTM eKOHOMIYHi BUTpaTH, MOB’SI3aHi 3 JiKyBaHHSIM
TepeIoMiB Ta IMOJOBXKEHOI0 peabisiTaliiero

Knio4oBi cnoBa: ropMoHa/IbHi 3MiHM; TeHETUYHA CXWIbHICTh; (i3yMuHa aKTUBHICTb; HediuT BiTaminy D; makTaiist
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Abstract. Gluten-sensitive disorders, including coeliac disease and non-coeliac gluten sensitivity, are common
gastroenterological conditions characterised by impaired gastrointestinal function, systemic immune responses,
and disruption of epithelial barrier integrity. This review aimed to provide a comprehensive analysis of the effects of
gluten on the gut microbiota and to determine the role of the microbiome in the pathogenesis of these conditions. The
analysis draws on findings from recent clinical studies, systematic reviews, and meta-analyses, as well as high-precision "
next-generation sequencing techniques used to assess changes in bacterial and fungal communities of the gut microbiota
at various stages of disease progression. It has been established that a gluten-free diet contributes to the partial restoration
of microbial balance, in particular by reducing the number of pathogenic and opportunistic microorganisms associated
with the development and persistence of chronic intestinal inflammation. At the same time, an increase in beneficial
commensal microbiota — such as Lactobacillus and Bifidobacterium — has been observed. Special attention is given to the
antimicrobial peptide cathelin-related antimicrobial peptide, which plays a key regulatory role in the immune response,
controls the inflammatory process, and helps to maintain the homeostasis of the intestinal mucosa. The significance
of the gutbrain axis has also been evaluated in the context of gluten-sensitive conditions, given that dysbiosis may
influence patients’ neuropsychological status, including the development of anxiety disorders, depression, and cognitive
impairment. Potential therapeutic strategies are discussed, including the use of probiotics, prebiotics, postbiotics, and
a diet low in fermentable oligo-, di-, monosaccharides and polyols (FODMAPs). It has been shown that diet exerts both
direct and long-term effects on the composition and functional activity of the gut microbiota, which in turn modifies
the clinical presentation of disease, symptom severity, and treatment outcomes. The practical value of this review lies
in substantiating modern approaches to the diagnosis and treatment of glutensensitive disorders through targeted
modulation of the intestinal microbiota. This opens new perspectives for personalised therapy, improvement of quality of
life, prevention of complications, and restoration of patient health at a deeper — microbiome - level

Keywords: gluten intolerance; gluten-free diet; healthy nutrition; clinical nutrition; dysbiosis

INTRODUCTION
Gluten-related disorders (GRDs), such as coeliac disease treatment, although it does not always fully restore micro-
(CD) and non-coeliac gluten sensitivity (NCGS), are close-  bial balance. In patients with CD, beneficial bacteria tend
ly linked to the composition and function of the gut mi- to decrease, while pathogenic bacteria increase — even
crobiota. A gluten-free diet (GFD) remains the primary when adhering to a GFD. Combining a GFD with other
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dietary strategies, such as a low-FODMAP diet, may allevi-
ate symptoms more effectively. The gut microbiota plays a
significant role in the development of GRDs by influencing
both the immune system and the integrity of the intestinal
barrier. Gluten-related disorders, including coeliac disease
and non-coeliac gluten sensitivity, are increasingly rec-
ognised as important gastrointestinal and immunological
conditions. Alterations in microbial composition not only
affect intestinal health but also contribute to systemic
inflammation and may even impact neuropsychological
well-being. A deeper understanding of the interplay be-
tween gluten, diet, and the gut microbiome is essential for
developing more effective, personalised treatment strate-
gies and improving clinical outcomes.

D. Stanciu et al. [1] noted that GRDs occur in response
to the consumption of gluten and related proteins found
in wheat, barley, and rye. CD causes autoimmune damage
to the intestinal mucosa, whereas NCGS does not involve
an autoimmune response or structural mucosal changes.
A GFD is the cornerstone of GRD therapy, although it can
be difficult to maintain. Researchers have devoted consid-
erable attention to the role of the gut microbiota in the
pathogenesis of GRDs. I. Martin et al. [2] investigated the
impact of a GFD in a group of 46 individuals with gastroin-
testinal complaints, migraines, and atopic dermatitis. They
observed an increase in fungal diversity while the bacterial
composition remained stable. A positive correlation was
found between changes in fungal and bacterial diversity
and shifts in species ratios after six weeks on a GFD.

G. Catassi et al. [3] highlighted the role of the micro-
biota in gluten-related conditions (CD, NCGS, wheat aller-
gy). CD is associated with a reduction in Lactobacillus and
Bifidobacterium, alongside an increase in Bacteroides and
E. coli. NCGS is marked by reduced microbial diversity, an
increase in Ruminococcaceae, and a decrease in Bacteroi-
detes and Fusobacteria. Notably, dysbiosis often persists
despite adherence to a GFD. X. Wu et al. [4] reported that
CD involves a compromised intestinal barrier, dysregulated
immune response, and reduced gluten tolerance - all influ-
enced by bacterial metabolites. While a GFD is the mainstay
of treatment, probiotics may support the re-establishment
of microbial balance. K. Naseri et al. [5] proposed combin-
ing a GFD with a low-FODMAP diet to relieve symptoms
of irritable bowel syndrome (IBS). Microbiota imbalance is
common in both IBS and gluten-sensitive conditions, fur-
ther underlining the gut microbiome’s pivotal role in gas-
trointestinal disorders. O. Gubska et al. [6] observed dys-
biosis in CD and NCGS. In a study of 25 patients following
a GFD, shifts in microbiota composition - specifically in
Bacteroidetes, Firmicutes, and Actinobacteria — were corre-
lated with the duration of dietary adherence, suggesting
that diet is the primary driver of these changes. Z. Ren et
al. [7] investigated the role of cathelicidin-related antimi-
crobial peptide (CRAMP) in CD. In mice, CRAMP deficiency
exacerbated enteropathy, while supplementation helped
to restore gut function and immune responses. Dysbiosis,
characterised by an increased abundance of Pseudomonas
aeruginosa, was found to reduce CRAMP expression, high-
lighting the microbiota’s role in immune regulation.

This study aimed to conduct a comprehensive analysis
of the impact of gluten on the composition and function
of the gut microbiota and to determine the microbiome’s

role in the pathogenesis of gluten-related disorders. Coeli-
ac disease and non-coeliac gluten sensitivity are common
gastrointestinal conditions, marked by impaired intestinal
function, immune dysregulation, and disruption of epithe-
lial barrier integrity. To address these objectives, a detailed
review of the literature was conducted using the PubMed,
Medline, and Scopus databases. Publications including
clinical data, experimental findings, and review articles
were analysed. A systematic search strategy was employed
using relevant keywords and search terms. Selection crite-
ria included originality of data, presence of clinical or ex-
perimental results, and publication in Ukrainian or English.
Studies lacking a control group in clinical trials, as well as
those published only as conference abstracts or proceed-
ings, were excluded. For the analysis of gluten’s effects on
gut microbiota, only sources published within the past five
years (2020-2025) were considered.

THE IMPACT OF GLUTEN

AND DIET ON THE GUT MICROBIOTA

AND LOCAL IMMUNE MECHANISMS

Gluten-related disorders affect a substantial proportion
of the population and present a complex clinical picture
involving both immune and gastrointestinal dysfunction.
Although a strict glutenfree diet remains the cornerstone
of treatment, emerging evidence suggests that it may not
be sufficient for all patients. Incorporating biotics — such
as probiotics, prebiotics, synbiotics, and postbiotics — of-
fers promising potential to restore microbial balance and
enhance therapeutic outcomes. Advances in microbiome
analysis are also paving the way for more personalised and
effective approaches to both diagnosis and treatment.

P. Tiwari et al. [8] emphasised the importance of the gut
microbiota in neurological disorders, particularly through
the gut-brain axis. The intestinal microbiota performs
several vital functions in the human body: it contributes
to the metabolism of nutrients and pharmaceuticals, pro-
tects against pathogens, and modulates immune respons-
es. The so-called gut-brain axis refers to the bidirectional
relationship between the central nervous system and the
gastrointestinal tract. It has been established that the gut
microbiome influences various signalling pathways - neu-
roendocrine, immune, and neurotransmitter-mediated.
Therapeutic interventions targeting the microbiota include
probiotics, prebiotics, postbiotics, synbiotics, faecal micro-
biota transplantation, and antibiotics. Proper nutrition is
considered critical for maintaining a healthy microbiota,
which in turn can modulate the enteric nervous system and
influence the progression of various neurological disorders.
Understanding the mechanisms of interaction between the
microbiota and the nervous system opens new avenues for
the diagnosis and treatment of neurological diseases, par-
ticularly in the context of personalised medicine.

Q. Xie et al. [9] observed in their study that alterations
in the gut microbiome and specific intestinal lumen factors
are important markers in the development of gluten aller-
gy. They also identified regulatory mechanisms involving
distinct patterns of protein expression that contribute to
the pathogenesis of this disorder. G. Caio et al. [10] ex-
amined the effect of a GFD on the microbiota in patients
with CD and non-coeliac wheat/gluten sensitivity. They
found that the diet influenced microbiota composition,
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particularly the ratio between Bacteroides and Bifidobac-
terium species. C. Sabenca et al. [11] conducted a review
and noted that many misconceptions persist regarding the
gluten-free diet. They emphasised the importance of accu-
rately understanding and addressing such misconceptions
in the dietary management of individuals with gluten-re-
lated conditions. O. Ogilvie et al. [12] investigated the im-
pact of temperature and baking time on the structure of
gluten proteins and the digestibility of peptides associated
with coeliac disease. Their findings showed that these fac-
tors can significantly modify the nature of gluten peptides
and their interaction with the digestive system.

M. Savarese et al. [13] reviewed the concept of “free-
from” consumption, including glutenfree and lactose-free
products. They identified key factors influencing con-
sumer choices related to such products. I. Demirkesen &
B. Ozkaya [14] analysed recent strategies for managing
gluten-free diets and the development of compliant food
products. They highlighted the importance of improving
gluten-free production technologies to facilitate the lives
of patients adhering to such diets. K. Arslain et al. [15] ex-
amined factors influencing the adoption of a GFD by in-
dividuals without CD or NCGS. They found that cultural
and social influences, along with heightened health aware-
ness, were the primary drivers. A. Jivraj et al. [16] reported
that micronutrient deficiencies are common among adults
following a gluten-free diet, regardless of its duration or
adherence. They underscored the importance of micro-
nutrient monitoring in these patients. A. Bakhshipour &
R. Rafaiee [17] described cases of spontaneous latency in
patients with coeliac disease after transitioning to a GFD.
They investigated the diet’s role in restoring intestinal
function following prolonged gluten exposure. E.L. Tran-
seth et al. [18] conducted a systematic review comparing
the microbiome in patients with CD, NCGS, and irritable
bowel syndrome. They observed notable differences in mi-
crobiota composition across the three groups.

The term “gluten-related disorders” refers to a spec-
trum of immune-mediated diseases triggered by gluten
ingestion, primarily CD, NCGS, and wheat allergy. GRDs
are associated with a broad array of clinical symptoms, af-
fecting both gastrointestinal and extraintestinal systems,
and may impact nearly any organ in genetically predis-
posed individuals following gluten exposure [1]. It is well
established that gluten - or its components, such as gliadin
(from wheat) or hordeins (from barley) — can provoke an
immune response. While the elimination of gluten or even
trace amounts is essential in managing GRDs, it is impor-
tant not to overlook the nutritional role of grains, which
are valuable sources of macro- and micronutrients and die-
tary fibre. Therefore, when excluding gluten-containing in-
gredients from the diet, it is crucial to ensure adequate nu-
trient intake in individuals adhering to a GFD. It has been
suggested that gluten may influence molecules involved in
gut permeability, such as zonulin. Moreover, when gluten is
not properly hydrolysed, its peptides may be absorbed and
trigger an immune-inflammatory response, leading to in-
creased expression of Toll-like receptor 2 (TLR2), elevated
levels of interferon-gamma (IFN-y), and a higher presence
of intraepithelial CD3+ T lymphocytes [2].

Although it remains unclear whether alterations in the
human microbiota are a cause or a consequence of CD, these

changes significantly affect intestinal function and corre-
late with the severity of clinical symptoms. Microorganisms
play a vital role in various physiological processes, includ-
ing fermentation, vitamin synthesis, pathogen inhibition,
reinforcement of the gut barrier, and regulation of the im-
mune system. In individuals adhering to a GFD, the com-
position of the intestinal microbiome tends to more closely
resemble that of healthy individuals than of those who con-
tinue to consume gluten. Meta-analyses of GFD interven-
tions [16] have revealed increased microbial diversity — par-
ticularly of Bacteroides and Firmicutes — in treated patients
compared to those maintaining a gluten-containing diet.

At the same time, harmful taxa such as Neisseria and
Proteobacteria appear less frequently in individuals fol-
lowing a GFD, suggesting a therapeutic benefit from die-
tary intervention. Nonetheless, Bifidobacterium levels re-
main consistently lower in Crohn’s disease patients than
in healthy controls, regardless of sample type, indicating
that even long-term adherence to a GFD may not fully re-
store a healthy microbiota composition. Bacteroides spe-
cies were found to be more prevalent in treated Crohn’s
patients than in controls — a potentially positive outcome,
given their role in pathogen inhibition and in supporting
the metabolic needs of other commensal organisms. Lac-
tobacillus species also perform several beneficial functions
in the gut, including the production of organic acids, anti-
microbial activity, bile salt deconjugation, and suppression
of carcinogens. Notably, Lactobacillus crispatus has been
shown to promote anti-inflammatory responses in den-
dritic cells, offering therapeutic potential for inflammato-
ry diseases such as Crohn’s disease. Studies have reported
significantly higher levels of Lactobacillus in patients on a
GFD compared to untreated individuals. However, shifts in
the species composition of Lactobacillus may go undetected
if total abundance remains stable, underscoring the impor-
tance of species-level analysis in microbiome research [3].

Gliadin has been shown to activate both the innate
and adaptive immune systems, thereby initiating intesti-
nal inflammation through the induction of cytokines and
chemokines. Specifically, gliadin is deamidated by tis-
sue transglutaminase in the lamina propria of the small
intestine, enabling it to bind to HLA class II DQ2/DQ8
molecules on antigen-presenting cells. This interaction
activates T cells, macrophages, and dendritic cells, lead-
ing to the secretion of proinflammatory cytokines. This
cascade triggers the adaptive immune response, result-
ing in the production of anti-endomysium, anti-gliadin,
and anti-transglutaminase antibodies by B cells, thereby
contributing to increased intestinal permeability. Beyond
gliadin, the intestinal microbiota also plays a critical role
in promoting inflammation within the intestinal muco-
sa of CD patients. Immune factors are well recognised as
key contributors to CD, with adaptive immunity playing a
central role in its pathogenesis. Research by X. Wu et al. [4]
has demonstrated that the gut microbiota is closely linked
to adaptive immunity and exerts significant regulatory
influence on its two main branches — B cells and T cells.
Intestinal microbes can enhance IgA production via B cell
regulation and help maintain the balance between intes-
tinal inflammation and immune tolerance by promoting
the differentiation of Th17 and Treg cells. Gliadin contrib-
utes to the disruption of the intestinal barrier, facilitating
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the overgrowth and translocation of pathogenic bacteria,
which in turn leads to microbial imbalance. This dysbio-
sis further activates immune-inflammatory responses by
modulating B and T cell activity. Inflammatory mediators
may then exacerbate intestinal permeability by damaging
epithelial cells, thereby worsening the severity of coeliac
disease. Moreover, the mucosal immune response in CD
may directly compromise the intestinal barrier, disrupt-
ing microbial homeostasis. The resulting dysbiosis acts as
a pathogenic factor that fuels the progression of CD, thus
establishing a vicious cycle of sustained inflammation.
Gluten intolerance refers to pathological conditions
such as CD, wheat allergy (WA), and NCGS. Wheat aller-
gy is a typical food allergy triggered specifically by wheat
consumption rather than gluten itself and involves the ac-
tivation of immune responses mediated by immunoglob-
ulin E. The CD is an autoimmune condition that affects
genetically susceptible individuals. It leads to damage of
the small intestinal mucosa due to a T-cell-mediated im-
mune response to gluten. NCGS is characterised by both
gastrointestinal and extraintestinal symptoms associated
with cereal consumption in individuals who do not have
CD or WA. As there are no specific diagnostic tests, it is
considered a diagnosis of exclusion. Importantly, NCGS
does not cause intestinal damage or immune sensitisation
to wheat proteins, which are characteristic features of CD
and WA. According to research by K. Naseri et al. [5], the
global prevalence of gluten-related disorders ranges from
1.1% to 1.7%, while wheat allergy occurs in approximately

0.2% to 1% of the population. Due to the absence of reli-
able diagnostic criteria and the limited number of popu-
lation-based studies, the prevalence of NCGS is not well
established, with estimates ranging from 1% to 13%. In
Ukraine, no epidemiological studies have been conducted
to determine the prevalence of CD or other glutenrelated
disorders. A GFD is a nutritional approach that involves
avoiding gluten-containing products or replacing them
with gluten-free alternatives. It remains the only effective
treatment for individuals diagnosed with coeliac disease.
The microbiome, comprising microorganisms that re-
side on and within the human body, plays a vital role in
maintaining health. The balance of intestinal bacteria is
essential, and disruptions to this balance — known as dys-
biosis — are commonly observed in various gastrointesti-
nal disorders. These include both functional and organic
digestive diseases, as well as conditions involving food
sensitivities such as CD [6].

In the gastrointestinal tract, CRAMP is well recognised
for its anti-infective properties. Z. Ren et al. [7] reported
that, while its immunoregulatory roles in extra-intestinal
diseases have gained attention, the involvement of CRAMP
in gluten-induced small intestinal enteropathy — specifi-
cally in coeliac disease — remains largely unexplored. Using
a mouse model of gluteninduced enteropathy (GIE), which
mimics the small intestinal pathology of coeliac disease,
they found reduced CRAMP production in the duodenal
epithelium during GIE. Mice lacking CRAMP showed in-
creased vulnerability to the development of GIE (Fig. 1).
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Figure 1. The protective function of cathelicidin-related antimicrobial peptide,
influenced by gut microbiota in gluten-induced enteropathy
Notes: GIE-associated gut dysbiosis contributes to intestinal CRAMP degradation; CRAMP positively regulates intestinal
barrier integrity and mucosal immune cell responses, offering protection against GIE; the CRAMP axis may therefore be

targeted as a potential therapeutic strategy for coeliac disease

Source: [7]

Conversely, administration of exogenous CRAMP
restored gliadin-induced epithelial dysfunction and en-
hanced regulatory immune responses within the intesti-
nal mucosa. Furthermore, GIE-associated gut dysbiosis —

marked by enrichment of Pseudomonas aeruginosa and
its protease LasB — was found to contribute to impaired
intestinal CRAMP production. These findings under-
score the significance of the microbiota-CRAMP axis in
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regulating intestinal barrier integrity and immune re-
sponses in GIE. Consequently, therapeutic modulation of
CRAMP may offer a novel approach for the treatment of
coeliac disease.

SYSTEMIC CONSEQUENCES OF DYSBIOSIS
AND THE ROLE OF MICROBIOTA IN IMMUNE,
NERVOUS AND NUTRITIONAL REGULATION
In this context, the gut-brain axis (GBA) has emerged as
a compelling area of research, particularly in relation to
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the gut microbiota (GM), which has garnered increasing
attention over the past five years (since 2020). The micro-
biome - comprising archaea, bacteria, protists, and fungi —
resides in and on the human body and plays a critical role
in maintaining the balance of the gastrointestinal tract mi-
croflora. Disruptions to this balance are associated with a
range of pathological states, highlighting the importance
of GBA-related microbiota in human health. Figure 2 pro-
vided an overview of the role of GM in neurological disor-
ders and its modulatory impact on the GBA.
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Figure 2. Overview of neurological disorders linked to the gut microbiota within the context of the gut-brain axis

Source: [8]

Several factors contribute to changes in GM compo-
sition within the GBA, which in turn influence neurologi-
cal pathways and may lead to the development of various
neurological disorders. These imbalances and dysfunc-
tional microbial activities can potentially be regulat-
ed through interventions such as probiotics, prebiotics,
synbiotics, postbiotics, antibiotics, and faecal microbiota
transplantation (FMT). These approaches aim to modify
the composition or function of the GM, thereby influenc-
ing brain function. Numerous studies [13, 18] support the
view that the GM plays a crucial role in brain develop-
ment and function. Both preclinical and clinical research
has explored the gastrointestinal tract (GIT) microbiome
within the GBA in relation to neurological conditions such
as Alzheimer’s disease (AD), multiple sclerosis (MS), Par-
kinson’s disease (PD), autism spectrum disorder (ASD),
epilepsy, stroke and brain injury, acute myeloid leukae-
mia (AML), Huntington’s disease (HD), among others [8].
However, further in-depth research is required to fully
elucidate the mechanisms by which the GM contributes
to disease pathogenesis and its potential application in
diagnostics and therapy.

The composition of the GM and its metabolites can
disrupt the host’s immune and endocrine systems, there-
by influencing brain function and cerebral blood flow. To
establish causal relationships, additional prospective and
interventional studies are necessary. A considerable num-
ber of existing findings are derived from animal models,

which may not always be applicable to human physiology.
Moreover, human studies are often complicated by nu-
merous confounding factors, including diet, demograph-
ics, socioeconomic status, sample collection protocols,
clinical history, and genetic sequencing methods. Never-
theless, practical challenges remain in implementing mi-
crobial-based therapies, such as determining optimal dos-
ages, treatment durations, and timing of interventions. It
is also essential to identify the most appropriate patient
populations, considering variables such as disease stage
and age, in order to develop tailored therapeutic strat-
egies. Furthermore, the effects of dietary components
and microbe-derived metabolites on host physiology and
overall health must be systematically evaluated [18].
Previous research by a group of scientists [9] on yoga,
meditation, and yoga-based lifestyle interventions has
shown that these practices can modulate stress-related bi-
omarkers - including cortisol, interleukin-6, brain-derived
neurotrophic factor, and reactive oxygen species — within
six to eight weeks following intervention in patients with
glaucoma and retinoblastoma. These interventions were
associated with reduced oxidative stress and improvements
in overall quality of life. While some evidence supports the
beneficial neurological effects of yoga, its specific influence
on GM composition and the abundance of beneficial micro-
bial species within the GBA remains unclear. Another area
requiring further investigation is the interaction between
the GM and pharmacological treatments, as many patients
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are subject to polypharmacy. Understanding GM-drug in-
teractions is crucial for developing safe and effective mi-
crobiota-targeted therapies. In conclusion, the gut micro-
biota represents a critical interface between human health
and neurological disease [8].

Anatomically, the gut maintains a complex and bidi-
rectional communication with the central nervous system
(CNS), a relationship commonly referred to as the gut-brain

axis. This dynamic cross-talk plays a critical role in both
health and disease. Sensory visceral signals originating in
the gut are transmitted to the CNS primarily via the vagus
nerve, influencing not only reflex responses but also cog-
nitive and emotional processes such as mood regulation.
In turn, the brain sends signals to modulate various gut
functions, including motility, secretion, and immune re-
sponses (Fig. 3).

ANS, ENS, HPA

Vagus nerve

Brain

Immune pathway
Endocrine pathway
Neural pathways

Figure 3. A schematic diagram illustrating the two-way communication between the gut and the brain

Source: [19]

This communication involves both afferent neurons,
which transmit signals from the gut to the CNS, and ef-
ferent neurons, which send responses from the CNS back
to the gut. These signals travel through multiple intercon-
nected pathways, including the autonomic nervous system
(ANS), the enteric nervous system (ENS), the hypothalam-
ic-pituitary-adrenal (HPA) axis, the sympatho-adrenal axis,
and descending monoaminergic pathways. Each of these
systems is intricately interwoven and modulated by neuro-
humoral and inter-relational factors. Of particular impor-
tance, the ENS - often referred to as the “second brain” - is
a complex network of neurons responsible for the intrinsic
control of gastrointestinal function. It comprises two pri-
mary ganglionated plexuses: the myenteric plexus, which
primarily regulates gut motility (e.g. peristalsis), and the
submucosal plexus, which oversees secretory and absorp-
tive processes within the gastrointestinal tract [19].

As of 2025, there is insufficient conclusive evidence
regarding the extent to which gluten intake contributes
to gastrointestinal symptoms in individuals who do not
have coeliac disease. Patients on a gluten-containing (GC)
diet often experience a significant exacerbation of symp-
toms such as fatigue and abdominal discomfort; however,
the underlying mechanisms remain unclear. Notably, the
effects of gluten have also been examined in individuals
with IBS, particularly those with diarrhoea-predominant
symptoms. Findings by O. Ogilvie et al. [12] suggest that
gluten consumption increases stool frequency, an effect
more pronounced in individuals carrying the HLA-DQ2
or HLA-DQ8 genotypes. The mechanisms by which glu-
ten triggers symptoms in noncoeliac gluten sensitivity

differ from those in coeliac disease and are not yet fully
understood as of 2025. Current evidence [12] did not con-
clusively demonstrate abnormalities in adaptive immunity
or increased intestinal permeability in NCGS. Despite this,
NCGS is associated with signs of intestinal inflammation,
such as elevated levels of interferon-gamma (IFN-y) and a
higher count of intraepithelial lymphocytes — findings that
suggest enhanced immune activity within the gut lining.
These observations imply that adaptive immunity may
contribute to NCGS, while the involvement of innate im-
munity is also indicated, particularly through the possible
activation of toll-like receptors (such as TLR-1 and TLR-2)
implicated in its pathogenesis. Despite these insights, the
condition remains controversial.

E.L. Transeth et al. [18] argued that NCGS is not a dis-
tinct clinical entity but rather a subset of IBS, given that
roughly one-third of IBS patients report gluten sensitivity.
They proposed that fermentable oligo-, di-, mono-saccha-
rides and polyols (FODMAPs) are the true source of gas-
trointestinal symptoms in these cases. Nonetheless, NCGS
is increasingly recognised as a separate clinical condition
that shares symptomatic overlap with both IBS and CD
but lacks the intestinal mucosal damage characteristic of
CD [5]. Furthermore, distinguishing between food sen-
sitivity and food intolerance is crucial for accurate diag-
nosis and treatment. Food intolerance typically involves
gastrointestinal symptoms arising from the fermentation
of poorly metabolised carbohydrates by the colonic micro-
biota, while food sensitivity refers to an immune-mediat-
ed reaction to dietary antigens that can cause both gas-
trointestinal and extraintestinal symptoms. Given these
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distinctions, IBS and NCGS should be considered as sep-
arate disorders with overlapping clinical features, which
complicate diagnosis and management [16].

Nutrition plays a critical role in maintaining gut
health, which in turn is closely linked to immune and neu-
rological function. In particular, there is growing interest
in the findings of D.N. Koutzoumis et al. [20] regarding the
role of the gut microbiota in the pathogenesis of neurode-
generative diseases such as Parkinson’s disease (PD), using
arodent model. Their evidence indicates that gut dysbiosis
may precede motor symptoms and contribute to neuroin-
flammation and dopaminergic neuron loss. In this study,
using a 6-hydroxydopamine (6-OHDA) rodent model of
PD, chronic treatment with non-absorbable antibiotics was
shown to attenuate dopaminergic neuron degeneration
and reduce neuroinflammatory markers in the striatum,
accompanied by improved motor performance. These find-
ings highlight a potential involvement of the gut microbio-
ta in the pathophysiology of PD.

In individuals with coeliac disease, ingestion of gluten
triggers a variable range of symptoms accompanied by in-
flammation of the small intestine. This immune-mediated
response is characterised by villous atrophy and infiltra-
tion of inflammatory cells in the epithelial layer and lam-
ina propria, which significantly impairs the functional ca-
pacity of the intestine. The resulting mucosal damage [21]
often leads to malabsorption of essential nutrients, includ-
ing iron, folate, vitamin B12, and zinc — contributing to the
frequent observation of nutrient deficiencies at the time
of CD diagnosis. As of 2024-2025, the only effective treat-
ment for CD is lifelong adherence to a strict GFD, which
generally permits mucosal healing of the small intestine
within one to two years. However, even minimal exposure
to gluten - intentional or inadvertent — can sustain intes-
tinal inflammation and continue to impair nutrient ab-
sorption. Nutrient deficiencies in CD may also stem from
the inherent limitations of the GFD itself. Processed glu-
ten-free products have been shown by A. Jivraj et al. [16]
to be lower in micronutrients such as iron and folate, with
inconsistent fortification practices across the market. Con-
sequently, individuals adhering to a GFD are at a greater
risk of consuming a less nutrient-dense diet compared to
those following a gluten-containing diet. A. Bakhshipour
& R. Rafaiee [17] highlighted an increased risk of micro-
nutrient deficiencies — particularly vitamins D and K, and
iron — among individuals with coeliac disease, even those
adhering to a gluten-free diet. However, the extent of these
deficiencies and the roles of GFD duration, adherence, and
persistent symptoms remain unclear. It is also uncertain
whether such nutritional gaps are unique to CD patients
or similarly affect non-CD individuals who follow a GFD.

In the digestive tract, gluten is broken down into glu-
ten immunogenic peptides (GIPs), which cause coeliac
disease. These peptides are resistant to complete diges-
tion in the intestine and can interact with the immune
system of coeliac patients, triggering an autoimmune
reaction. Previously, there was no reliable way to objec-
tively monitor gluten intake. However, a relatively new
technique, developed by D. Stanciu et al. [1], enables the
direct detection of GIP - specifically, gliadin epitopes
equivalent to a 33-mer peptide — in urine and faeces af-
ter gluten consumption. This method uses monoclonal

antibodies and is a non-invasive, highly sensitive, quan-
titative, and objective way to assess compliance with a
gluten-free diet. The sensitivity of the test allows for the
detection of even the smallest amounts of gluten - as lit-
tle as 50 mg. However, the link between a positive GIP test
result and the presence of villous atrophy has not yet been
established, so it is not currently possible to assess intes-
tinal damage using this marker. It should be noted that
even among patients who claim to strictly adhere to die-
tary guidelines, unintentional dietary errors are common.

In a controlled study, M. Myhrstad et al. [22] also
turned their attention to improving the nutritional quali-
ty of diets in specific populations, such as individuals with
coeliac disease, who must strictly adhere to a gluten-free
diet. This dietary restriction often results in reduced fibre
intake, as many gluten-free products are low in dietary fi-
bre and of poor sensory quality. A randomised controlled
trial explored participants’ experiences with fibre-rich glu-
ten-free bread developed for the study, compared to com-
mercially available gluten-free bread. Participants report-
ed avoiding gluten-free bread prior to the study due to its
unpleasant taste and texture, but expressed a preference
for the fibre-rich wholegrain bread provided during the
intervention. They emphasised the importance of satiety,
texture, and palatability in gluten-free products, indicat-
ing a demand for higher-quality, fibre-rich alternatives.
E.M. Domsa et al. [23] and L. Garnweidner-Holme et al. [24]
underscored the central role of the gut microbiota as a
mediator between dietary input and brain health. While
antibiotic-induced modulation of the microbiota appears
neuroprotective in PD models, dietary enrichment with
fermentable fibre may offer a nonpharmacological avenue
to promote a healthy microbiome.

Although the availability of gluten-free products has
increased in recent years, individuals with CD continue to
face multiple challenges in maintaining this diet. A study
from Norway [25], using interpretative phenomenological
analysis, highlighted the lived experiences of people with
CD and revealed barriers to successfully following a glu-
ten-free diet at the individual, interpersonal, community,
and policy levels. Participants reported initial difficulties
in acquiring knowledge about the GFD and expressed
doubts about its nutritional adequacy. Social aspects —
such as the fear of contamination and feeling different
during shared meals — negatively affected their quality of
life. At the community level, participants emphasised the
limited availability and poor sensory quality of gluten-free
products, while at the policy level, affordability emerged as
a pressing concern. These findings underscore the need for
comprehensive support for individuals with CD - from im-
mediate post-diagnosis education to structural changes in
food policy and product development.

Amid these challenges, pseudocereals such as quinoa,
amaranth, and buckwheat have emerged as promising
gluten-free alternatives due to their favourable nutrition-
al profiles and natural absence of gluten, according to S.
Graziano et al. [26]. These crops are rich in essential ami-
no acids, fibre, and micronutrients, making them suitable
for enhancing the dietary quality of glutenfree products.
However, their broader adoption in the food industry fac-
es significant constraints. The presence of anti-nutri-
tional compounds and bitter-tasting substances can limit
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palatability and necessitate processing methods that may
be costly or environmentally burdensome. Additionally,
agronomic limitations restrict large-scale cultivation to
specific regions - often in developing countries where the
risk of overexploitation and socio-economic inequity is
high. The integration of biotechnological tools and sus-
tainable breeding programmes is essential for enhancing
the desirable traits of pseudocereals while protecting the
livelihoods of smallholder farmers who maintain these
crops’ genetic diversity [27]. Taken together, these per-
spectives emphasised a dual imperative: improving the
quality and accessibility of gluten-free products for indi-
viduals with CD, and advancing the responsible, sustain-
able development of alternative glutenfree crops such as
pseudocereals. Efforts across the food industry, agricul-
ture, policy, and public health must converge to ensure
progress on both fronts.

CONCLUSIONS
It was found that gluten-sensitive disorders, such as coe-
liac disease and non-coeliac gluten sensitivity, signifi-
cantly affect the state of the intestinal microbiota, caus-
ing an imbalance known as dysbiosis. This imbalance is
characterised by a decrease in the number of beneficial
bacteria — particularly Lactobacillus and Bifidobacterium —
and an increase in opportunistic microorganisms, such
as Bacteroides and Escherichia coli. The gluten-free diet,
which is the primary method of treatment, contributes to
the partial normalisation of this microbial balance, reduc-
ing pathogenic forms and increasing beneficial bacteria.
However, even with adherence to the diet, complete res-
toration of a healthy microbiota does not always occur.
Particular attention is given to the antimicrobial peptide
CRAMP, which plays a key role in regulating the immune
response, controlling inflammation, and maintaining
the homeostasis of the intestinal mucosa. Reduced pro-
duction of CRAMP in the duodenum is associated with
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AHoTauis. [moTeH-YyTAUBI pO37aAy, 30KpeMa Iieniakis Ta HeleniakiiiHa YyTIMBICTh MO IIIOTEHY, € MOUIMPEHUMU
racTpOeHTepOJIOTIYHMMM CTaHAMM, IO CYITPOBOMKYIOTHCS TOPYIIEHHSIM GYHKI[IOHYBAaHHSI KUIIKOBOTO TPAKTY,
CUCTEeMHOI iMyHHOI BimmoBini Ta 6ap’epHoi GyHKIii emiTesnito. MeToro gaHOi po6OTHM CTaNO BceGiuHe BUBUEHHST BIUIUBY
[JIIOTEHY Ha CTaH KUIIKOBOI MiKpo6ioTu Ta BM3HAUEHHS POJIi MiKpo6ioMy B rmaToreHesi 3a3HaueHMX 3aXBOPIOBaHb. Y
Mpolleci aHa/li3y BUKOPUCTAHO pe3yabTaTu CyyaCHUX KJIiHIUHUX JOCTiAKeHb, CUCTeMaTUYHUX OIJISIZiB, MeTaaHali3iB,
a TaKoX BMCOKOTOYHI MEeTOAVIKM CeKBeHYBAHHSI HOBOTO IMOKOIiHHSI 1151 OLIiHKM 3MiH y 6akTepianbHOMY Ta IpMOGKOBOMY
CKIai KUIIKOBOI MiKpoduopu Ha Pi3HMX CTafisIX 3aXBOPIOBaHHS. BCTaHOBJIEHO, [0 GE3IMIOTEHOBA Ai€Ta CIPUSIE
YaCTKOBili HOpMasisallii Mikpo6HOTO GasiaHCy, 30KpeMa 3MEHIIYE KiJIbKiCThb MaTOT€HHMX Ta YMOBHO-IATOTE€HHUX
MiKpOOpraHiamiB, TMOB’SI3aHMX i3 PO3BUTKOM i MiATPMMAHHSIM XPOHIYHOTO 3amlajbHOTO MPOIECY B KUIIEUHMKY.
HaToMmicTb Bifm3HauaeThcsl 3pOCTaHHST TPeACTaBHUKIB KOPUCHOI KOMeHcanbHOI Mikpodopu, Takux sik Lactobacillus
i Bifidobacterium. OcobnuBy yBary npuiiieHo aHTuMikpo6Homy mentunay Cathelin-related antimicrobial peptide,
SIKMI BUKOHYE BaK/IMBY PeTyIsITOPHY GYHKIIiI0 B IMyHHilt BiIMOBizAi, KOHTPOMIOE PO3BUTOK 3amaaeHHs Ta 3abe3neuye
rOMeOoCTa3 CI1M30BOi 060JOHKYM KMUIIKiBHMKA. TaKOX OLIiHEHO 3HAUEHHSI OCi KUIIEUHMK-MO30K Yy KOHTEKCTi TIIIOTeH-
YYTIIMBUX CTaHiB, 3 OIISAY Ha Te, IO AMC6i03 MOXKe BIUIMBATU Ha HEMPOTICUXIUHMIT CTATYC IMAIli€HTiB, BKIIOYAIOUN
PO3BUTOK TPUBOXKHUX PO3/aIiB, Herpecii Ta KOTHITMBHUX MOPYIleHb. PO3MISIHYTO NOTEHIIi/iHi TepareBTUYHI cTpaTerii,
BKJTIOYAIOYM 3aCTOCYBAHHS IMTPO6iOTUKIB, TPe6ioTHKIB, TOCTOIOTHKIB, a TAKOXK Ii€TH 3 HU3BKMM BMiCTOM ()€ PMEHTOBAHUX
oJ1iro-, fii-, MoHocaxapuis i momionis (FODMAP). [TokasaHo, 1110 XapuyBaHHS YMHUTH Oe3110cepeIHiii i TpuBaInii BIIMB
Ha ckiaj Ta QYHKI[iOHATbHY aKTUMBHICTh KMIIKOBOI MiKp0O6ioTH, IO, CBOEID Ueprowo, Moaudikye KIiHIYHY KapTUHY
3aXBOPIOBaHHS, BUPAXKEHICTh CUMIITOMIB i epeKTUBHICTH Teparii. [[pakTMYHA LiHHICTb OIJISIAY MOJISITa€ B OO PYHTYBAaHHI
CyYyaCHMX MiAXOZiB OO AiarHOCTMUKM Ta JIIKyBaHHS IMIIOT€H-YYTAUBUX PO37aJiB HUISIXOM LiJeCIpsIMOBAHOI MOIY/ISIIi1
KUIIKOBOI Mikpo6ioTu. e BimkpuBae HOBi MepCreKTUBM IJIsI iHAVBiMyani30BaHOl Tepartii, MOMiNIIeHHs IKOCTi JKUTTS,
3armobiraHHs yCKJIaJHEHHSIM Ta BiTHOBJIEHHS 3JJ0POB’S MAIi€HTiB Ha 6i/IbII TNTM60KOMY — MiKpOOGiOMHOMY — PiBHi

KnioyoBi cnoea: HenepeHOCHMICTb I[IIOTEHY; Oe3IIIOTEHOBA [i€Ta; 3[0POBE XapuyBaHHs; KIiHiuHe XapuyBaHHS;
nucbakTepios
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Abstract. This study aimed to investigate the activity of the drug Pyofag against clinical isolates of Pseudomonas aeruginosa
and to evaluate the effectiveness of the combined action of surface-active antiseptics and bacteriophages. To achieve
this aim, classical methods for the isolation and identification of bacteria were employed. Antibiotic susceptibility of
Pseudomonas isolates was determined using the disc diffusion method, while susceptibility to surface-active antiseptics
(decamethoxine, benzalkonium chloride, chlorhexidine bigluconate, octenidine dihydrochloride, and polyhexanide) was
assessed using the broth dilution method. The susceptibility of clinical isolates to Pyofag was evaluated based on the
optical density of bacterial suspensions after 18 hours of incubation with the preparation. The nature of the combined
effect of bacteriophages and antiseptics on P. aeruginosa was assessed by calculating the lytic index of the phage on
planktonic bacterial forms cultured in media containing sub-bacteriostatic concentrations of antiseptics. The results
showed that all 54 isolated clinical strains of P. aeruginosa retained high susceptibility only to reserve antibiotics — colistin
(94.4%) and cefiderocol (75.9%). Resistance to other antipseudomonal antibiotics (cefepime, ceftazidime, piperacillin-
tazobactam, imipenem, and ciprofloxacin) was observed in 96.3%-100% of isolates. However, aminoglycosides (gentamicin,
tobramycin, amikacin) and meropenem remained effective against 29.6%-44.4% of strains. Antiseptic agents containing
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surface-active compounds demonstrated strong antipseudomonal properties and are capable of inhibiting bacterial
proliferation at concentrations ranging from 16.4-22.5 pg/mL (octenidine dihydrochloride, decamethoxine, chlorhexidine
bigluconate) to 65-145.7 ug/mL (polyhexanide, benzalkonium chloride). It was confirmed that decamethoxine, octenidine,
and chlorhexidine exhibit significantly greater antibacterial activity than polyhexanide and benzalkonium chloride
(p<0.01). The isolated Pseudomonas strains showed high susceptibility to the pharmaceutical preparation Pyofag: the lytic
activity index (Is) of Pyofag exceeded 0.5 in 70.4% of strains, indicating that 50% of the bacterial population was destroyed
during the dynamic interaction between bacterial growth and phage replication. In media containing sub-bacteriostatic
concentrations of decamethoxine, chlorhexidine, or octenidine, both susceptible (n=7, Is = 0.69) and resistant (n=38,
Is=0.15) strains were lysed more intensively by the bacteriophage. This was evidenced by an increase in the susceptibility
index to 0.80-0.87 in susceptible strains and to 0.54-0.70 in phage-resistant strains, respectively

Keywords: surface-active antiseptics; bacteriophages; antibiotics; Pyofag; opportunistic microorganisms

INTRODUCTION

During the period from 2015 to 2025, the problem of an-
tibiotic resistance has assumed global importance. Exist-
ing limitations in the effectiveness of antibacterial therapy
have led to an increase in the number of severe infections,
higher mortality rates, and significant economic costs
associated with treatment. Against the backdrop of the
growing number of infections caused by superpathogens
that demonstrate multidrug resistance (MDR), significant
attention is being paid to the search for alternative means
of antibacterial therapy, among which natural destroyers of
bacteria — bacteriophages — play an increasingly prominent
role. The prolonged war in Ukraine and the fullscale rus-
sian aggression launched in 2022 have led to a sharp rise
in the number of severe wound infections. The widespread
use of antibiotics for prophylactic and therapeutic purpos-
es during evacuation and the provision of medical care has
contributed to the selection of antibiotic-resistant strains.
Therefore, the issue of identifying alternative strategies for
combating antibiotic-resistant microorganisms — particu-
larly non-fermenting Gram-negative bacilli (Pseudomonas
spp., Acinetobacter spp.) — and introducing new methods
of antibacterial therapy using bacteriophages, which have
demonstrated their effectiveness, is particularly relevant.

No randomised controlled trials directly comparing
bacteriophage therapy with standard antibiotic treatment
for antibiotic-resistant Pseudomonas aeruginosa infections
in intensive care units (ICUs), burn, or polytrauma patients
have been published since 2020. However, several wellchar-
acterised case reports and small cohort studies indicate
that phage-antibiotic combinations are feasible, generally
well tolerated, and may be clinically beneficial in selected
challenging cases, with molecular and phenotypic resist-
ance dynamics documented in a subset. A retrospective,
observational study on device-related or systemic infec-
tions conducted by S.I. Green et al. [1] evaluated 12 cases of
customised phage therapy, showing a 66% favourable re-
sponse rate, with 42% bacterial eradication. Phage therapy
was safe, though immunological neutralisation occurred in
some instances.

J.-P. Pirnay et al. [2] conducted a multicentre, multi-
national, retrospective observational study focusing on
individualised phage therapy. The researchers analysed
100 cases of individualised phage therapy across 12 coun-
tries and observed clinical improvement in 77.2% of cases
and bacterial eradication in 61.3%. The use of antibiotics
alongside phage therapy increased the likelihood of suc-
cess. N. Cesta et al. [3] published a case report describing

a 62-year-old patient with chronic P. aeruginosa infection
who was successfully treated with customised phage ther-
apy and meropenem, showing no recurrence of infection
over a period of two years.

A case series on anti-S. aureus therapy for diabetic foot
infection conducted by M.]. Young et al. [4] tested anti-S.
aureus phage therapy on 10 patients at high risk of ampu-
tation. Nine out of ten patients benefited, although one
patient showed no response to treatment. L. Rahimzadeh
Torabi et al. [5] demonstrated success using personalised
intravenous/nebulised phage and antibiotics in an ex-
tremely drug-resistant (XDR) burn patient, with clinical
cure, detailed adverse event monitoring, and resistance
documentation. The findings of K. Racenis et al. [6] indicat-
ed that the combination of phages, antibiotics, and surgical
intervention holds considerable potential for treating left
ventricular assist device (LVAD)-associated Pseudomonas
aeruginosa infections, with biofilm formation and resist-
ance phenotype evolution tracked in vitro.

Across all reports, phage therapy (often in combina-
tion with antibiotics) was well tolerated, with no severe
infusion reactions or cytokine storms clearly attributable
to phage administration. Current evidence remains limited
to salvage case series and a single non-randomised cohort;
phageantibiotic combinations are promising yet unproven
alternatives for resistant Pseudomonas aeruginosa infec-
tions in critical care settings. This underscores the urgent
need for well-powered, rigorously monitored clinical trials
with standardised endpoints for resistance and safety. This
research aimed to investigate the activity of the drug Py-
ofag and to assess the effectiveness of its combined action
with surfactant-based antiseptics against clinical isolates
of Pseudomonas aeruginosa obtained from wounded ser-
vicemen with complicated wound infections.

MATERIALS AND METHODS
Characteristics of the antiseptic compounds and biological
preparations used in the study:

Decamethoxine is an antiseptic from the group of
surfactants and a derivative of bisquaternary nitrogen. In
the study, the substance decamethoxine — a fine-grained
white powder readily soluble in water and alcohol — was
used. A working solution at a concentration of 0.1% was
prepared by dissolving 100 mg of decamethoxine in 100 mL
of sterile, purified water.

Benzalkonium chloride (alkyldimethylbenzylammo-
nium chloride) is a cationic surfactant and an antiseptic
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from the group of quaternary ammonium compounds. In
thisresearch, a 50% solution of benzalkonium chloride (pro-
duced in China) was used. To prepare a 0.5% working solu-
tion, a 1:10 dilution was made using sterile purified water.

Octenidine dihydrochloride is a surface-active anti-
septic with a broad spectrum of microbicidal activity. To
evaluate the susceptibility of clinical bacterial strains, the
commercial preparation Octenisept was used. It contains
0.1 g of octenidine dihydrochloride and 2.0 g of phenox-
yethanol per 100 mL of water (produced in Germany).

Chlorhexidine bigluconate, a biguanide derivative,
acts via a surface-active mechanism that disrupts microor-
ganisms. It is widely employed as an antiseptic (0.1% solu-
tion) and as a disinfectant (0.25% and 0.5% solutions), both
in complex formulations and as aqueous or aqueous-alco-
holic solutions. In this study, a 20% solution of chlorhex-
idine (produced in Ukraine) was used to prepare a 0.2%
working solution by diluting 10 mL of the drug in 90 mL of
sterile purified water (1:10 dilution).

Polyhexanide (polyamidopropylbiguanide) is a pol-
ymeric cationic surfactant with antiseptic and disinfect-
ant properties. Susceptibility was assessed using the drug
Prontosan, a wound irrigation solution produced in Germa-
ny, which contains 0.1% polyhexanide, 0.1% betaine, and
purified water.

Pyofag is a polyvalent bacteriophage preparation
produced by Infuzia PJSC, Ukraine, for NEO PROBIO CARE
INC., Canada. One millilitre of the preparation contains
specific bacteriophages at a concentration of at least 1x10°
phage particles, targeting the following microorganisms:
Streptococcus pyogenes, Staphylococcus aureus, Escherichia
coli, Pseudomonas aeruginosa, Proteus vulgaris and Proteus
mirabilis [7].

The object of the study was microbial cultures ob-
tained from the museum of clinical isolates at the bacte-
riological laboratory of the Department of Microbiology,
National Pirogov Memorial Medical University, Vinnytsya.
These isolates were collected between 2022 and 2024 from
patients with purulent-inflammatory wound complica-
tions who were undergoing treatment at the Communal
nonprofit enterprise Vinnytsya Regional Clinical Hospital
named after N.I. Pirogov Vinnytsia Regional Council, spe-
cifically at the Centre for Thermal Trauma and Plastic Sur-
gery and other medical institutions in Vinnytsia. The study
protocol was approved by the Committee on Bioethics,
National Pirogov Memorial Medical University, Vinnytsya,
Ukraine (Protocol No. 3; 07 April 2022).

In total, 152 isolates of Gram-negative bacteria were
obtained during the 2022-2024 period. Differentiation of
Gram-negative bacteria was conducted according to gen-
erally accepted criteria, based on the following indicators:
oxidase test results, the ability to produce a water-soluble
pigment, morphological characteristics of colonies formed
on tryptic soy agar (TSA), and biochemical activity deter-
mined using diagnostic test systems Neferm-test 24 and
Entero-test 24 (PLIVA-Lachema a.s., Brno, Czech Repub-
lic). Antibiotic susceptibility testing of the isolated strains
was performed following the Order of the Cabinet of Min-
isters of Ukraine No. 116-p [8] and the recommendations of
EUCAST (version 13) [9].

Determination of the susceptibility of isolated P. aerug-
inosa strains to the drug Pyofag polyvalent bacteriophage

was conducted using a simplified, original method involv-
ing the calculation of a susceptibility index for each isolat-
ed culture. From cultures of clinical P. aeruginosa strains
grown on TSA for 18-20 hours at 36°C * 1°C, a bacterial
suspension was prepared at a concentration of 1.5 x 10?
CFU/mL, corresponding to 0.5 McFarland units, in isotonic
sterile sodium chloride solution. The turbidity of the sus-
pension was adjusted to the required concentration using
a DensiLa-Meter densitometer. For the experiment, 200 uL
of the prepared bacterial suspension was added to sterile
plastic tubes (16 mm diameter) containing 2 mL of sterile
meat-peptone broth (MPB). The tubes were incubated in
a thermostat for 2 hours to reach the logarithmic growth
phase, after which 200 uL of the phage cocktail Pyofag was
added to the test tube. Simultaneously, 200 uL of sterile
isotonic sodium chloride solution was added to the control
tube. The experiment included a medium control (2 mL of
MPB), which was incubated alongside both the growth con-
trol and the test tube for 18 hours at 36°C = 1°C. Following
incubation, the optical density of the suspension in the test
culture - cultivated in the presence of 10* phage particles —
was measured, taking into account the dilution factor (Df),
the control culture (Dk), and the nutrient medium (Dc), all
expressed in McFarland units. The assessment of the sus-
ceptibility of clinical isolates to the biological preparation
Pyofag was performed by calculating the susceptibility in-
dex to the bacteriophage (Is) using formula (1):

Is=(Dk- Df)/(Dk- Dc), 1)

where Dk - the density of the bacterial suspension in the
control tube, in McFarland units; Df — the density of the
bacterial suspension in the medium containing bacterio-
phage, in McFarland units; Dc - the density of the sterile
culture medium, in McFarland units.

This index, as illustrated by the formula, enables an es-
timation of the proportion of the bacterial suspension de-
stroyed by the bacteriophage after 18 hours of incubation,
relative to the control. The susceptibility of the bacterial
cultures to antiseptic agents was determined by the meth-
od of serial dilutions, establishing the minimum inhibitory
concentration (MIC, ug/mL) and the minimum bactericidal
concentration (MBC, pg/mL) [8, 9].

To identify the synergistic bactericidal effect of sur-
factant-based antiseptics and Iytic bacteriophages on
clinical isolates, nutrient media were prepared contain-
ing sub-bacteriostatic concentrations (25% of the MIC) of
the antiseptic for the test strain, and the lytic activity of
the phage was re-evaluated using the method described
above. The experiment included several controls: a me-
dium control, a culture growth control in the presence of
the sub-bacteriostatic concentration of antiseptic (sub-
MIC, pg/mL), and a microbial population growth control in
the presence of phage in an untreated medium. Data were
considered valid if the density of the culture control in the
presence of the subMIC antiseptic remained within *15%
of the control density without antiseptic. The resulting Is
values were compared with the baseline data to assess the
effect of inactive concentrations of antiseptic on the lytic
activity of the phage.

Statistical analysis was conducted using Microsoft Ex-
cel 2010, applying methods of variational statistics [10].
The mean values of the parametric data, along with the
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standard deviation (M *s), were calculated, and the fre-
quency of occurrence of non-parametric features in the
study group was determined. Individual samples were test-
ed for normality of distribution (F(x)), and the reliability
of results across different groups was assessed using FT-
EST, TTEST, and Student’s t-test. Comparisons between
multiple samples were made using the Bonferroni cor-
rection, depending on the number of samples being ana-
lysed. Results were considered statistically significant at a

Colistin |

Cefiderocol |

Amikacin

|
\
\
. \
Tobramycin ‘

Gentamicin
Ciprofloxacin

Imipenem |

Meropenem |

Cefepime

Ceftazidime

Piperacillin-tazobactam

p-value of <0.05, with high statistical reliability confirmed
for p-values of p<0.01, following the correction.

RESULTS

Based on morphological, cultural, and biochemical charac-
teristics, 54 clinical strains (35.5% of all isolated microor-
ganisms) were identified as Pseudomonas aeruginosa. The
results of antibiotic susceptibility testing for these isolates
are presented in Figure 1.

| |

susceptible
intermediate

M resistant

0% 20%

T
40%

60% 80% 100%

Figure 1. Antibiotic susceptibility profile of isolated P. aeruginosa strains (n=54)

Source: compiled by the authors

According to the obtained results, clinical isolates
of Pseudomonas aeruginosa demonstrated high suscepti-
bility to polymyxin (94.4%) and cefiderocol (75.9%), and
moderate susceptibility to the aminoglycosides amika-
cin, tobramycin, and gentamicin, for which the combined
proportion of susceptible and intermediate strains was
51.85%, 48.1%, and 46.3%, respectively. Among these,
tobramycin exhibited the highest proportion of suscep-
tible isolates — 44.4%, compared to 33.3% for amikacin
and 29.6% for gentamicin. A total of 31.5% of isolates
remained susceptible to meropenem, whereas no iso-
lates were fully susceptible to imipenem; only 29.6% of
clinical strains were classified as moderately resistant.
The susceptibility of Pseudomonas aeruginosa to other

antipseudomonal beta-lactams revealed low suscepti-
bility to piperacillin-tazobactam and ceftazidime: 33.3%
of isolates were moderately resistant, while 66.7% were
resistant. Only 2 out of 54 strains remained susceptible
to cefepime, with 35.2% moderately resistant and 42.6%
resistant. Thus, resistance to antipseudomonal cepha-
losporins and penicillins reached 96.3%-100%. Cationic
surfactants demonstrated considerable activity against
Gram-negative non-fermenting bacteria. The susceptibil-
ity of the clinical isolates to quaternary ammonium com-
pounds (decamethoxine, benzalkonium chloride), as well
as octenidine dihydrochloride, chlorhexidine bigluconate,
and polyhexanide, was assessed. The results are summa-
rised in Table 1.

Table 1. Susceptibility of clinical isolates of P. aeruginosa to antiseptics (n=>54)

Average concentrations of antiseptic (M £ s, pg/mL)

Antiseptic

Minimum inhibitory concentration (MIC)

Minimum bactericidal concentration (MBC)

Decamethoxin

22.52%2.83%5

73.74%15.06%°

Benzalkonium chloride

145.7+32.11%3

418.75+78.89'®

Chlorhexidine bigluconate 22.5+2.36%° 72.09+2.06°
Octenidine dihydrochloride 16.4+2.43%° 102.5+10.75%°
Polyhexanide 65.0£5.08123 192.5£27.701:23

Notes: ! — statistically significant difference compared to decamethoxine (p <0.01); 2 - statistically significant difference
compared to chlorhexidine (p < 0.01); 3 — statistically significant differences compared to octenidine (p < 0.01);
+ — statistically significant differences compared to benzalkonium (p < 0.01); 5 — statistically significant differences
compared to polyhexanide (p<0.01)

Source: compiled by the authors

It was found that the greatest antipseudomonal activ-  bacterial growth at MICs of 22.52 * 2.83 pg/mlL,

ity was exhibited by decamethoxine, chlorhexidine biglu-
conate, and octenidine dihydrochloride, which inhibited

22.5%2.36 ug/mL, and 16.4 = 2.43 ug/mL, respectively. The
MBCs of these antiseptics ranged from 72.09+2.06 ug/mL

Bulletin of Medical and Biological Research. 2025. Vol.7, No.2



V. Bebyk et al.

(chlorhexidine) to 102.5 = 10.75 ug/mL (octenidine). No
statistically significant differences in antimicrobial activ-
ity were found among decamethoxine, chlorhexidine, and
octenidine; however, all three exhibited significantly great-
er antipseudomonal activity than polyhexanide and benza-
lkonium chloride (p<0.01). The antiseptics decamethoxine,
chlorhexidine, and octenidine exhibited a bacteriostatic
effect at concentrations 2.9-4 times and 6.5-8.9 times low-
er than those required for polyhexanide and benzalkoni-
um chloride, respectively. It was found that the death of
P aeruginosa occurred at minimum concentrations of
192.5%27.70 pg/mL for polyhexanide and 418.75+78.89 ug/
mL for benzalkonium chloride, which significantly exceed-
ed the corresponding values for decamethoxine, chlorhex-
idine, and octenidine by 1.9-2.7 times and 4.1-5.8 times,
respectively (p<0.01).

Assessment of the susceptibility of the isolated
P. aeruginosa strains established that the biologically ac-
tive preparation Pyofag displayed variable activity against
the tested isolates. Calculation of the susceptibility index
enabled evaluation of the lytic efficacy of the antipseu-
domonal phage cocktail in the preparation by determin-
ing the proportion of the bacterial population undergoing
lysis after 18-20 hours of incubation. Based on the value
of the susceptibility index (Is), the isolated strains were

classified into the following categories: highly susceptible
(0.8 <Is<0.99), susceptible (0.5 < Is<0.79), moderately re-
sistant (0.3 < Is £ 0.49), and resistant (0.01 < Is < 0.29). The
distribution of isolates by susceptibility to the polyvalent
bacteriophage is shown in Figure 2.

13 High susceptible
24 Susceptible
3 Moderate resistant
14 Resistant

Figure 2. Susceptibility of isolated Pseudomonas
aeruginosa strains to Pyofag (n=54)
Source: compiled by the authors

According to the data obtained, 70.4% of P. aeruginosa
strains (38 isolates) were classified as highly susceptible or
susceptible to Pyofag, while 29.6% (16 isolates) were mod-
erately resistant or resistant. The values of the phage lytic
activity index (Is) for the tested P. aeruginosa strains are
presented in Table 2.

Table 2. Susceptibility of clinical isolates of P. aeruginosa (n=54) to Pyofag

Susceptibility category Number of isolates (n) Susceptibility index (Is)
Highly susceptible 24 0.95+0.007*
Susceptible 14 0.65+0.024*
Moderately resistant 3 0.34+0.020*
Resistant 13 0.098£0.026*

Notes: * - statistically significant differences between group values (p<0.01)

Source: compiled by the authors

According to the results, the lytic effect of Pyofag
was observed in 24 P. aeruginosa strains, as indicated by a
susceptibility index (Is) of 0.95+0.007. This suggests that
only 5% of the population remained viable 20 hours after
phage application. In the susceptible isolates (n=14), the
susceptibility index was 0.65*0.024, indicating a substan-
tial activity of Pyofag and its ability to reduce the bacte-
rial population by approximately 65% within 20 hours of
incubation. Among the moderately resistant P. aeruginosa
strains, 66% of cells survived phage treatment, reflected by
a susceptibility index of 0.34+0.020. In contrast, 13 strains
were classified as resistant to the polyvalent pseudomon-
al phage cocktail in Pyofag, with a susceptibility index of

0.098+0.026. Given the results obtained, the potential syn-
ergistic detrimental effect of surfactant-active antiseptics
and bacteriophages on clinical strains of P. aeruginosa was
investigated. To this end, the lytic effect of the phage was
assessed under cultivation conditions in a medium con-
taining 25% of the sub-bacteriostatic concentration of the
antiseptic specific to each P. aeruginosa strain. To rule out
the additive effect of the antipseudomonal agents, the ex-
periment included controls to measure the optical density
(in McFarland units) of bacterial suspensions cultured in
the presence of subbacteriostatic concentrations (subMIC)
of antiseptics, compared with the untreated culture control
(Table 3).

Table 3. Optical density of P. aeruginosa bacterial cultures in the presence
of sub-bacteriostatic concentrations (subMIC) of antiseptics (M s, McFarland units)

Characteristics of the nutrient medium Phage-resistant strains (n=_8) Phagosensitive strains (n=7)
Control MPB 7.44%+0.19 7.07%0.14 (-5%)
MPB with subMIC decamethoxine 6.79+0.22 6.49+0.20 (-4.4%)
MPB with subMIC benzalkonium chloride 6.95+0.20 6.54%0.22 (-6%)
MPB with subMIC chlorhexidine bigluconate 6.81£0.25 6.64%0.13 (-2,5%)
MPB with subMIC octenidine dihydrochloride 6.73£0.24 6.6%0.17 (-2%)
MPB with subMIC polyhexanide 6.85+0.17 6.46£0.26 (~5.7%)

Source: compiled by the authors
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As shown by the results of the control measurements,
sub-bacteriostatic concentrations of antiseptic agents did
not result in significant inhibition of bacterial growth, as
evidenced by a 2-6% reduction in average optical density
relative to the control. Therefore, these concentrations did
not exert a pronounced effect on bacterial proliferation.

The synergistic effect of surfactants (chemical lytic factors)
and Pyofag (a biological Iytic agent) was assessed in strains
resistant (Is=0.15+0.05) and susceptible (Is=0.69+0.03) to
the phage. A total of eight resistant and seven phage-sus-
ceptible P. aeruginosa clinical isolates were included. The
results are presented in Table 4.

Table 4. Lytic effect of phage on clinical isolates of P. aeruginosa
in the presence of subbacteriostatic concentrations of surfactant antiseptics

Susceptibility index (Is) (M s)
Antipseudomonal factor(s)
Phage-resistant P. aeruginosa (n = 8) Phagosensitive P. aeruginosa (n="7)
Pyofag 0.15%0.05 0.69+0.03
Pyofag with subMIC decamethoxine 0.70£0.09* 0.87+0.05*
Pyofag with subMIC benzalkonium chloride 0.25+0.05 0.75%0.04
Pyofag with subMIC chlorhexidine bigluconate 0.54+0.09* 0.80+0.02*
Pyofs Wit subMIC octenidine 0.64+0.12° 0.86+0.03°
Pyofag with subMIC polyhexanide 0.28+0.05 0.76+0.04

Notes: * - statistically significant differences relative to the corresponding Pyofag-only indicator (p<0.01)

Source: compiled by the authors

The results indicated that the presence of 25% of the
minimum bacteriostatic concentration of decamethoxine,
chlorhexidine bigluconate, and octenidine dihydrochlo-
ride led to a statistically significant enhancement of the
Iytic effect of Pyfag (p £0.01), as reflected in increased
susceptibility index values. Specifically, in the group
of P. aeruginosa strains resistant to the phage cocktail
(Is=0.15+0.05), the susceptibility index increased by 3.6,
4.3, and 4.7 times, respectively, in the presence of chlor-
hexidine, octenidine, and decamethoxine at concentra-
tions that did not inhibit bacterial growth. These differ-
ences were statistically significant (p <0.003). It was also
demonstrated that the effectiveness of Pyofag against

susceptibility to phage

subMIC polyhexanide

subMIC octenidine

subMIC benzalkonium

subMIC chlorhexidine bigluconate

subMIC dexamethoxine

susceptible strains of P. aeruginosa increased by 1.2 times
in the presence of decamethoxine and octenidine, while
sub-bacteriostatic concentrations of chlorhexidine in-
creased the susceptibility of P. aeruginosa by 1.16 times.
According to the findings, the susceptibility of P. aerugino-
sa to Pyofag also increased in the presence of sub-bacteri-
ostatic concentrations of benzalkonium chloride and pol-
yhexanide; however, no statistically significant difference
between the obtained values was established. It should be
noted that, during the study of the synergistic interaction
between surfactant antiseptics and Pyofag, alterations in
the distribution of strains by phage susceptibility were ob-
served in the experimental group (Fig. 3).

resistant

moderate resistant
M susceptible

high susceptible

10 15 20

Figure 3. Susceptibility of clinical strains of P. aeruginosa
to Pyofag in the presence of sub-bacteriostatic concentrations of surfactant antiseptics (n=15)

Source: compiled by the authors

According to susceptibility to Pyofag, determined based
on Is values, the tested strains were classified as resistant
(6 isolates), moderately resistant (2 isolates), susceptible (6
isolates), and highly susceptible (1 isolate). When exposed
to Pyofag in a medium containing subMIC concentrations
of decamethoxine and octenidine, the number of highly
susceptible strains increased to 9, while the number of re-
sistant strains decreased to 1 and 2 isolates, respectively.
Changes in phage susceptibility categories of P. aeruginosa
were also observed when Pyofag was applied in the presence

of other antiseptics. The number of highly susceptible
strains increased to 6 in media containing subMIC concen-
trations of chlorhexidine bigluconate, and to 2 and 3 strains
in the presence of polyhexanide and benzalkonium chlo-
ride, respectively. Notably, the number of Pyofage-resistant
strains of P. aeruginosa decreased to one under the combined
action of Pyofag and chlorhexidine. However, when clinical
isolates were tested in media supplemented with polyhex-
anide or benzalkonium, the number of resistant strains
either remained unchanged or decreased only marginally.
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DISCUSSION

V. Kovalchuk et al. [11] demonstrated that among the path-
ogens responsible for purulentinflammatory complica-
tions in injured servicemen during the full-scale military
aggression by russia, non-fermenting Gram-negative ba-
cilli of the genera Acinetobacter and Pseudomonas, as well
as enterobacteria of the genus Klebsiella, are predominant.
The proportion of isolated P. aeruginosa varies widely (from
1% to 35%), which is associated with multiple factors (no-
sological classification, wound type and location, duration
of hospitalisation, extent of antibacterial therapy, etc.).
Thus, the proportion identified in this study (35.5%) is gen-
erally consistent with contemporary data [12].

Numerous studies - including those by N. Bahni-
uk et al. [13], S. Mudenda et al. [14], and O. Nazarchuk et
al. [15] — have demonstrated that P. aeruginosa is a mul-
tidrug-resistant (MDR) pathogen that exhibits high levels
of resistance to antipseudomonal antibiotics. The strate-
gy for addressing antibiotic-resistant bacteria, proposed
by the World Health Organization as part of a global ac-
tion plan, involves the rational use of antibiotics, which
are classified into Access, Watch, and Reserve groups [16].
According to the data obtained, clinical strains of Pseu-
domonas aeruginosa demonstrated notable susceptibility
to the reserve antibiotics colistin (94.4%) and cefiderocol
(75.9%). However, no strains were identified as suscepti-
ble to the Watch group antibiotics ceftazidime, piperacil-
lin-tazobactam, ciprofloxacin, or imipenem, although sus-
ceptibility to meropenem and tobramycin was observed
in 31.5% and 44.4% of isolates, respectively. The amino-
glycosides gentamicin and amikacin (Access group antibi-
otics) were effective against 29.6% and 33.3% of clinical
isolates, respectively. T. Denysko [17] has shown that the
low susceptibility of P. aeruginosa to Access group antibi-
otics results in the limited effectiveness of empirical anti-
biotic therapy for pseudomonal infections. J. Murugaiyan
et al. [18], in their review, highlighted strategies currently
applied or proposed as alternatives to traditional antibiot-
ics in managing wound infections. These include the top-
ical application of antiseptics, to which bacteria develop
resistance slowly and generally remain highly susceptible.
The results obtained indicate that the antiseptic activity
index of agents available on the pharmaceutical market in
Ukraine and recommended for topical use against clinical
strains of P. aeruginosa ranges from 61 (Octenisept), 22.2
(0.05% chlorhexidine bigluconate solution), 15.4 (Pron-
tosan) to 8.9 (Decasan).

In the context of rising antibiotic resistance, alterna-
tive antimicrobial strategies targeting healthcare-associ-
ated pathogens are gaining increasing importance. Interest
in polyvalent phage cocktails composed of virulent bacte-
riophages has grown significantly, and additional phage
therapy approaches are actively under development [19].
Clinical studies by A. Nawaz et al. [20] and C. Torres-Bar-
celé & M.E. Hochberg [21] have yielded positive results for
phage therapy in infections caused by multidrug-resistant
strains of P. aeruginosa, supporting the development of
alternative strategies to combat super-pathogens under
modern conditions. S. Derkach [22] demonstrated that
Pyofag is effective against several wound pathogens, in-
cluding clinical strains of S. aureus and P. aeruginosa; how-
ever, numerous factors may influence phage activity both

in vitro and in vivo. In the present study, 70.4% of clinical
isolates of P. aeruginosa were identified as susceptible to
Pyofag, slightly exceeding the results (46%-68%) reported
by S. Derkach, possibly due to differences in susceptibility
assessment methodology.

The combined effects of virulent bacteriophages and
antibiotics on bacterial cells have been thoroughly exam-
ined by F. Oechslin et al. [23] and L. Cui et al. [24]. A syner-
gistic antibacterial effect has been observed between phag-
es and beta-lactam antibiotics; however, antibiotics that
disrupt bacterial protein synthesis (such as macrolides and
aminoglycosides) have been shown to inhibit phage effica-
cy. The concurrent use of antiseptics and bacteriophages
is insufficiently covered in scientific literature, except for
general recommendations to avoid simultaneous applica-
tion due to the potential negative impact of antiseptics on
phage activity. Nevertheless, surfactant-based antiseptics
do not adversely affect non-enveloped viruses, including
bacteriophages. Therefore, considering the mechanisms
of action of antiseptics such as quaternary ammonium
compounds, biguanides, and other surfactants, it was con-
sidered relevant to investigate the combined antimicro-
bial effects of phages and cationic detergents on clinical
strains of P. aeruginosa.

According to the data obtained, decamethoxine,
chlorhexidine bigluconate, and octenidine dihydrochlo-
ride enhanced the lytic effect of Pyofag and increased the
susceptibility of resistant isolates to the phage cocktail. It
should also be noted that one strain remained classified as
resistant even in the presence of antiseptics that exerted
a synergistic effect on the lytic properties of the bacterio-
phage. This finding may indicate the presence of distinct
resistance mechanisms in Pseudomonas aeruginosa against
the phage cocktail in the drug Pyofag.

CONCLUSIONS

Clinical strains of P. aeruginosa exhibit a high level of re-
sistance to antipseudomonal antibiotics from the Access
and Watch groups, with the predicted effectiveness of em-
pirical therapy ranging from 30% to 50%. The antiseptics
decamethoxine, octenidine dihydrochloride, chlorhex-
idine bigluconate, and polyhexanide demonstrate strong
antipseudomonal activity. Their dosage forms are likely to
be effective for the local treatment of wound infections,
as their activity indices exceed the MIC of the antiseptics
by a factor of 8.9 to 61. The majority (70.4%) of clinical
P. aeruginosa isolates were susceptible to the antipseu-
domonal phage cocktail in the composition of Pyofag,
which supports recommending this drug for the treatment
of antibiotic-resistant strains. The surface-active antisep-
tics decamethoxine, chlorhexidine, and octenidine exhibit
a synergistic antipseudomonal effect when used with Py-
ofag, enhancing both the susceptibility of Pseudomonas
aeruginosa to the bacteriophage and its lytic activity. Fu-
ture research will focus on evaluating the ability of bacte-
riophages to affect the biofilm-forming properties of clini-
cal P. aeruginosa strains, as well as exploring the combined
effects of surfactants and bacteriophages on biofilm-asso-
ciated bacterial forms.
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AHoTauis. Meroo po6oTu 6yn0 AOCTIIUTU aKTUBHICTh Tpemnapary miodar momo KIiHiuyHuX isonariB Pseudomonas
aeruginosa; BU3HAUMUTK e(dEKTUBHICTh KOMGIiHOBaHOI Mii MOBepXHEBO-aKTMBHMX AHTUCENTHKIB i Gakrepiodaris. s
TOCSTHEHHSI METY BUKOPUCTOBYBAIMCH KIIACUMYHI METOIM BUA/IeHHS Ta ineHTHdika1lii 6akrepiit. BusHaueHHS Uy TIMBOCTI
TICeBAOMOHA, 0 aHTUOIOTUKIB MPOBOAMIOCH OUCKO-IMUDY3iiiHMM METOIOM, 10 TTOBEPXHEBO-aKTUBHUX aHTUCENITUKIB
(mekaMeTOKCHHY, 6€H3AIKOHII0 XJTIOPUAY, XJIOPTreKCUAVHY OirTIOKOHATY, OKTEHIAVHY AUTiIAPOXIOPULY i MOJireKcaHiay)
— MEeTOIOM pO3BelleHb y DiKOMY TOXMBHOMY cepemoBuili. UyTIMBiCTh KIIHIYHMX i3075TiB IO Tpermapaty miodar
BM3HAua/IM 3a OTITUYHOIO TYCTUHOIO 6akTepianbHOi cycrensii micis 18 rox inkyoariii 3 miodarom. BusHaueHHS XxapakTepy
KOMOiHOBaHOTO BIUTMBY 6akTepiodaryianTucenTukis Ha P. aeruginosa mpoBOIMIOCH IIJITXOM BU3HAUEHHS iHIEeKCY T TUUHO1
nii dary Ha mTaHKTOHHI hopmu 6akTepiit, AKi KyJIbTUBYBAIM B CEPEIOBUIIL] 3 CyO6AKTEPiOCTATUIHMIMM KOHIIEHTPAIlisSIMU
AQHTMCENTHUKIB. 3a pe3ylbTaTaMy BCTAHOBJIEHO, IO 54 BUAIEHMX KIiHIUHMX mTamu P. aeruginosa 36epiraim BUCOKY
YYTIUBiCTh TIIBKY 10 aHTUOIOTUKIB pe3epBy KomicTuHY (94,4 %) i nedinepoxomny (75,9 %), mo iHIIMX aHTUIICEBOOMOHATHUX
aHTMb6ioTHKIB (edenimy, nedbTrasunumy, minepanyiiny-Tazobakramy, imineHemy, UuIpodIoKcaMuy) 3adikcoBaHMii
piBeHb criiikocTi y 96,3-100 % i30/1sTiB, OMHAK aMiHOITIIKO3UAM (TeHTaMil[MH, TOOpaMillMH, aMiKalMH) i MepoTreHeM
3a/IMIIAI0ThCI e(PeKTUBHUMM Iog0 29,6-44,4 % iutamiB. AHTHCENTMYHI 3ac00M, SIKi MiCTSITh ITOBEpXHEBO-aKTUBHI
AQHTUCEITUKM, TEMOHCTPYIOTh BMCOKi aHTUIICEBAOMOHAIHI BJIACTMBOCTI i 3MaTHI MPUTHIYYBaTX PO3MHOKEHHS 6aKkTepiii
B KOHIIEHTparisix Bim 16,4-22,5 MKr/Ma (OKTE€HiIMHY IUTiAPOXIOPUI, JEKaMETOKCUH, XJIOPTeKCUIMHY OirTIOKOHAT)
o 65-145,7 MKr/mi (TIoirekcaHiz, 6eH3aJKoHi0 Xiaopum). JoBefeHo, 10 JeKaMeTOKCYH, OKTEHIIMH i XJIOPreKCUANH
IOCTOBipHO MepeBUIIYIOTh aHTMOaKTepiaabHYy A0 aHTUCENTHKIB MosirekcaHis i 6eH3ankoHiit xnopur (p<0,01). Bugineni
MITaMy TICeBIOMOHAJ, MPOJEeMOHCTPYBaAM BMUCOKY UYTIMBICTD O JiKapcbkoro 3acoby miodar: ingekc maituunoi aii (Is)
miodary 6ys Buiie 0,5 y 70,4 % mtamiB (50 % 6akTepiit TMHYIM B Mpolieci IMHAMIYHOI B3a€MOJii pocTy 6akTepiajbHOi
MOMyJIALIi1 i po3MHOKeHHS 6akTepiodarib). B cepegoBuinax 3 cy66akTepioCTaTUUHMMY KOHIIEHTPAIisIMM JeKaMeTOKCHHY,
XJIOPTeKCUIIMHY, OKTeHiguHYy, i uymmBi (n=7, Is=0,69), i criiiki (n =38, Is=0,15) mrramu pyitHyBaauch 6akrepiodarom
Oi/bII iHTEHCUBHO, PO IO CBiAUMIO 3pOoCcTaHHS iHAeKcy uyTiuBocTi go 0,8-0,87 y uymmBuxX mtamis, i 7o 0,54-0,7 y
(aropesucTeHTHMX MITAMiB, BiIIIOBiTHO

KniovyoBi cnoBa: TMOBepXHEBO-aKTMBHI aHTUCENTUKM; 6Gakrepiodarnu; aHTMOIOTMKM; TTiodar; YMOBHO-IIaTOTE€HHi
MiKpOOpraHismu
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Abstract. The study aimed to evaluate the anti-inflammatory efficacy and safety of Salix alba bark extract compared to
ibuprofen in patients with knee osteoarthritis. A 12-week randomised controlled trial in Ukraine involved 120 patients
diagnosed with stage II-1II osteoarthritis, divided into two groups: the first received a standardised willow extract (240 mg
of salicin per day), the second received ibuprofen (1,200 mg/day). Pain scores on a visual analogue scale decreased from
7.4+1.2 to 3.1%1.5 points (A=4.3; p<0.001) in the Salix alba group and from 7.6+ 1.1 to 3.0£ 1. 4 points (A=4.6; p=0.12)
in the ibuprofen group. Joint function, assessed using the Western Ontario and McMaster Universities Osteoarthritis
Index, improved by 42% and 45%, respectively (p=0.24). C-reactive protein levels decreased by 55% versus 60% (p=0.18),
interleukin-6 by 58% versus 60% (p=0.29), and tumour necrosis factor-a by 50% versus 52% (p=0.41). Side effects were
reported in 10% of patients in the willow group versus 25% in the control group, mainly gastrointestinal in nature. A
moderate correlation was found between blood salicin levels and pain reduction (r=0.45; p<0.001). The results proved
that Salix alba extract has similar efficacy to ibuprofen, but with a lower risk of complications due to its multifunctional
action (inhibition of cyclooxygenases, cytokine modulation, antioxidant effect). The data obtained justify the use of the
extract as an alternative to synthetic anti-inflammatory drugs in clinical practice, especially for patients with chronic
inflammatory diseases, where long-term use of non-steroidal anti-inflammatory drugs is accompanied by an increased
risk of side effects. The results of the study can be used by rheumatologists and therapists in clinical practice to prescribe
Salix alba extract as a safe alternative to non-steroidal anti-inflammatory drugs for patients with osteoarthritis

Keywords: pharmacology; ibuprofen; osteoarthritis; C-reactive protein; salicylates

INTRODUCTION
Research into biologically active substances of natural
origin as an alternative to synthetic pharmaceuticals is
a topical area of pharmacology. This trend is driven not

Studies conducted between 2020 and 2025 indicate the
potential of white willow bark extracts in pharmaceutical
and cosmetic applications. In particular, F. Khusanboyev [1]

only by the desire for environmental safety and reduction
of side effects of drugs, but also by the active search for
effective, affordable and multifunctional agents for the
treatment of a wide range of pathological conditions. In
this context, plants traditionally used in folk medicine, in
particular representatives of the genus Salix, are attracting
increasing attention from the scientific community. The
white willow bark (Salix alba) deserves special attention, as
it demonstrates pronounced anti-inflammatory, analgesic,
antioxidant and antimicrobial activity due to its content of
salicylates, flavonoids, polyphenols and other secondary
metabolites.

Suggested Citation:

studied the anti-inflammatory properties of a cream based
on an aqueous extract of willow bark, demonstrating a re-
duction in inflammation when applied externally. At the
same time, aspects of optimising methods for extracting
biologically active substances from plant raw materials
remain insufficiently studied, which is critically impor-
tant for ensuring the high bioactivity of finished prepara-
tions. D. Mykhailyk [2] conducted an experimental study
on the selection of the optimal extractant and extraction
conditions for white willow bark, comparing water-alco-
hol mixtures of different concentrations and temperature
treatment regimes. The author found that the maximum
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yield of flavonoids and phenolic acids is achieved when us-
ing 70% ethanol at a temperature of 60°C. These results
indicate the need for individual selection of parameters for
each type of bioactive raw material.

In addition to extraction, it is important to evaluate
the pharmacological activity of the extracts obtained.
L. Maloshtan et al. [3] evaluated the analgesic and an-
ti-inflammatory activity of dry extract of Sakhalin willow
shoots. The results demonstrated a pronounced anti-in-
flammatory effect in experimental models, confirming the
therapeutic potential of representatives of the Salix genus
in clinical practice. Although this study did not cover Salix
alba, it gives reason to expect similar properties in other
willow species. Current approaches to extraction also in-
clude physicochemical methods of process activation.
Thus, R.S. Aleman et al. [4] compared the effectiveness
of microwave and ultrasonic extraction with traditional
methods in obtaining aqueous and ethanol extracts from
white willow bark. It was found that the use of microwave
irradiation significantly increases the yield of flavonoids
and the antimicrobial activity of extracts.

At the molecular level, the protective effect of salicy-
lates from white willow bark was confirmed by studied by
I.C. Nica et al. [5]. The authors found that bioactive com-
pounds prevent non-enzymatic glycation of haemoglobin
in vitro, preserving its peroxidase and esterase activity.
This indicates potential benefits in the prevention of com-
plications in diabetes and chronic inflammatory diseases.
At the same time, as evidenced by the results of a study
by M.R. Abdalrahman & S.A. Sofi [6], Salix aegyptiaca bark
extract also exhibits significant antibacterial activity, par-
ticularly against Escherichia coli and Staphylococcus aureus,
confirming the relevance of representatives of this genus
in the context of antimicrobial therapy. Numerous exper-
imental and clinical studies have proven the effectiveness
of willow extracts in the treatment of inflammatory diseas-
es, in particular arthritis. Thus, C.R. Lin et al. [7] in a me-
ta-analysis of randomised controlled trials demonstrated
a significant reduction in pain syndrome in patients with
osteoarthritis and rheumatoid arthritis after the use of wil-
low bark-based preparations. Similar results highlight the
therapeutic potential of Salix spp. in the pharmacotherapy
of chronic inflammatory processes.

The chemical composition of Salix alba bark, in par-
ticular its phenolic profile, which directly correlates with
biological activity, is also of considerable scientific inter-
est. A study by E. Pigtczak et al. [8] found that the bark of
S. alba contains high concentrations of gallic acid, salicin,
isosalcin, rutin and other phenolic compounds that have
a complex pharmacological effect. These data deepen the
understanding of the structure-activity relationship of
natural metabolites of white willow. Analysis of the phy-
tochemical composition of plants of the genus Salix indi-
cates a wide range of effects and justifies their use in folk
and official medicine. According to a review by N. Tawfeek
et al. [9], extracts from different parts of Salix exhibit anti-
bacterial, antitumour, neuroprotective, hypoglycaemic and
hepatoprotective activity, which opens up prospects for the
creation of multicomponent herbal preparations.

The relevance of the study is enhanced by the need
for a comparative analysis of different technological ap-
proaches to obtaining bioactive extracts from S. alba bark,

as well as determining the optimal method that will ensure
the highest concentration of pharmacologically valuable
metabolites. Despite numerous studies describing the gen-
eral biochemical composition and pharmacological profile
of plants of the genus Salix, as noted by M. Andrei et al. [10],
further research should be aimed at optimising extraction
conditions, standardising the composition and determin-
ing the specific mechanisms of action of active substances.
Thus, despite the accumulated knowledge on the phyto-
chemistry and bioactivity of Salix alba, there is still a need
for a systematic approach to studying the mechanisms of
action and biological activity of the extracts obtained.

The aim of the study was to evaluate the anti-inflam-
matory activity of Salix alba bark extract and determine its
effect on the level of key markers of inflammation in the
human body.

MATERIALS AND METHODS
The study was conducted during 2024-2025 at the Depart-
ment of Clinical Pharmacology and Clinical Pharmacy of
Bogomolets National Medical University and the Rheuma-
tology Department of Kyiv City Clinical Hospital No. 5. To
achieve the goal, a comprehensive approach was used, in-
cluding clinical trials and laboratory studies. Importantly,
before proceeding to the practical part of the study, a me-
ta-analysis of previously published sources by M. Shara &
S.J. Stohs [11], A. Nahrstedt et al. [12], S. Kalia et al. [13], and
S. Chrubasik et al. [14] was conducted.

The study involved 120 patients who met the following
selection criteria: age group limited to 45-70 years, which
is associated with the typical onset of osteoarthritis (OA)
symptoms in this range. The average age of the partic-
ipants was 58 £ 6.2 years. Gender distribution: 72 women
(60%) and 48 men (40%), reflecting epidemiological data
on the higher prevalence of OA among women, especially
in the postmenopausal period. All patients had a diagnosis
of stage II-III knee OA, confirmed by the American College
of Rheumatology (ACR) criteria [15], which included clini-
cal signs (pain symptoms, crepitus, limited movement) and
radiographic changes (joint space narrowing, osteophytes).
Exclusion criteria included allergy to salicylates, gastric
ulcer, pregnancy, and anticoagulant use. Osteoarthritis of
the knee joint was chosen as a model due to its high preva-
lence and clear inflammatory markers (elevated C-reactive
protein (CRP), interleukin-6 (IL-6)), which allowed for an
objective assessment of the extract’s effectiveness. Stages
II-11I were chosen because of the presence of moderately
pronounced structural changes, which leave room for ther-
apeutic intervention (unlike stage IV, where the need for
surgical treatment prevails).

The study was based on a comparative analysis of the
efficacy of a standardised extract of Salix alba bark (240 mg
salicin/day) and ibuprofen (1,200 mg/day) in patients with
stage II-11I knee OA. Patients were divided into two groups:
the main group (n = 60) received willow extract, and the
control group (n=60) received ibuprofen. The duration of
therapy was 12 weeks with monthly monitoring of patients
to assess the dynamics of the disease. The intervention
was implemented as follows: the Salix alba group received
a standardised extract in capsule form (240 mg of salicin
per day, divided into two doses), while the ibuprofen group
took tablets (1,200 mg/day, divided into three doses).
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The body mass index (BMI) of patients in both groups
was similar (28.5 3.2 vs 29.1 = 3.5 kg/m?), which corre-
sponds to the “overweight” category. The BMI restriction of
<35 kg/m? in the inclusion criteria minimised the influence
of obesity as an independent factor in OA progression. The
distribution by disease stage (II/III) was also similar: 38/22

in the extract group and 40/20 in the control group (Ta-
ble 1). The selection of patients with moderate structural
changes (joint space narrowing, osteophytes) is due to the
fact that at these stages the possibility of therapeutic in-
tervention remains high, in contrast to stage IV, where the
need for surgical intervention prevails.

Table 1. Demographic and clinical characteristics of participants

Parameter Salix alba group (n = 60) Ibuprofen group (n =60) p-value
Age (years) 58%6.1 57%£5.9 0.45
Women/men 36/24 36/24 1.00
BMI (kg/m?) 28.5%3.2 29.1£3.5 0.28
OA stage II/I11 38/22 40/20 0.68
CRP (mg/L) 6.2%1.8 6.5%2.1 0.32

Source: compiled by the author

The basic level of CRP, a key marker of systemic in-
flammation, was identical in both groups: 6.2+1.8 mg/L in
patients receiving white willow extract and 6.5+ 2.1 mg/L
in the ibuprofen group. The high similarity of these indica-
tors (p=0.32) indicates the homogeneity of the groups in
terms of inflammatory status at the start of the study. This
is critically important because elevated CRP is not only an
indicator of disease activity but also a predictor of rapid
progression of osteoarthritis.

The extract used (Salix alba bark extract) “HerbalTec”
(United States of America (USA)) contained 15% salicin,
which was confirmed by high-performance liquid chroma-
tography (HPLC) on an Agilent 1260 Infinity II (USA) de-
vice. A Cobas ¢501 biochemical analyser (Switzerland) was
used to analyse blood serum, which uses an immunoturbi-
dimetric method to determine CRP levels and an immun-
ochemiluminescent method for IL-6 and tumour necrosis
factor-alpha (TNF-a). Blood samples were collected on an
empty stomach and stored at -80°C in a Thermo Scientif-
ic Forma freezer (USA). Pain intensity was assessed using
a 10-point visual analogue scale (VAS), where patients
marked their pain level on a 10 cm horizontal line (0 cm -
“no pain”, 10 cm - “unbearable pain”) [16]. The function-
al status of the joints was analysed using the Western
Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) questionnaire, which includes 24 questions in
three subscales: pain (5 questions), stiffness (2 questions)
and physical activity (17 questions) [17]. Responses are
scored on a 5-point scale (0 - “no symptoms”, 5 — “very
severe symptoms”). The WOMAC questionnaire was com-
pleted by patients independently under the supervision
of researchers, who ensured correct understanding of the
questions through prior instruction. Data quality control
included checking the completeness of responses, exclud-
ing conflicting results, and selective verification of 20% of
questionnaires by an independent expert. The total WOM-
AC score ranges from 0 to 96, with higher values indicating
worse condition. Side effects were recorded according to
the U.S. Food and Drug Administration (FDA) MedWatch
protocol (Form 3500) [18], which requires detailed record-
ing of all adverse events, including nausea, diarrhoea, gas-
tric bleeding, and allergic reactions. Inflammatory mark-
ers (CRP, IL-6 and TNF-a levels) were measured in blood
serum at the beginning and end of the study using immu-
nochemical methods.

The data were processed using SPSS 26.0 (IBM,
USA) [19]. The normality of the distribution was checked
using the Shapiro-Wilk test. The following were used for
comparison between groups: Student’s t-test (CRP level,
total WOMAC score); Mann-Whitney U test (VAS, IL-6,
TNF-a); analysis of variance (ANOVA) to assess the dy-
namics of changes over time. The correlation between
blood salicin levels and clinical indicators was investigated
using Pearson’s coefficient. The level of statistical signifi-
cance was set at p<0.05. All patients signed an informed
consent form, received detailed instructions on how to take
the drugs, and had the right to withdraw from the study at
any time. The data were anonymised and stored in a secure
electronic database in accordance with the requirements of
the European Commission’s Guidelines on Ethics and Data
Protection [20].

RESULTS AND DISCUSSION

Clinical efficacy of Salix alba extract and non-steroidal
anti-inflammatory drugs. Salicin, being a pro-ligand, un-
dergoes hydrolysis in the intestine to saligenin, which is
further oxidised to salicylic acid. Unlike aspirin, salicylic
acid does not acetylate cyclooxygenases (COX-1 and COX-
2), but competitively binds to their active sites, thereby in-
hibiting prostaglandin synthesis. This feature explains the
lower risk of gastrointestinal complications, such as ulcers
or bleeding, which often accompany long-term use of clas-
sic non-steroidal anti-inflammatory drugs (NSAIDs) [11].

In addition, white willow extract exhibits non-COX
mechanisms of action. In vitro studies have shown that the
polyphenolic components of the extract modulate the NF-
kB pathway, a key regulator of inflammation. Inhibition
of NF-xB (nuclear transcription factor kappa-B) leads to a
30-40% reduction in the expression of pro-inflammatory
cytokines, in particular IL-6 and TNF-a [12]. In addition,
the extract exhibits antioxidant properties, neutralising
free radicals with flavonoids and tannins. In a test with
the stable radical 2.2-diphenyl-1-picrylhydrazyl (DPPH),
the antioxidant activity of the extract was characterised
by an IC, value of 45 #5 pg/mL, confirming its ability to
reduce oxidative stress, one of the factors in the progres-
sion of osteoarthritis [13]. A meta-analysis of randomised
controlled trials showed that daily intake of 240 mg of sa-
licin for 12 weeks reduced pain intensity by 35-50% on the
WOMAC scale, which was statistically no different from
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the effect of ibuprofen (1,200 mg/day) (Table 2) [14]. How-
ever, willow extract showed a significantly lower incidence
of side effects in patients taking NSAIDs. Among the main

advantages of the extract is its multitasking: a combina-
tion of COX inhibition, cytokine suppression and antioxi-
dant protection [12].

Table 2. Comparative analysis of studies of Salix alba extract and NSAIDs

Type of study Sample/Model

Key parameters

Main results Side effects

Systematic review 18 studies (n=1,200)

Dose:
120-240 mg salicin/day

Efficacy similar to NSAIDs (40%
reduction in pain according to VAS); 8%
lower gastrotoxicity

COX-1/COX-2 inhibition,

Reduction of IL-6 by 35%, TNF-a by 30%;

In vitro/experimental Macrophage cells NE-«B modulation ICs0 for COX-2=50 pg/mL Not applied
. . . Antioxidant activity | ICso=45%5 pg/mL; high flavonoid content _
Phytochemical analysis | Salix alba bark extract (DPPH) (quercetin, rutin)
P S - - TS
RCT, double-blind 120 patients with OA 240 mg salicin/day vs 45% reduction in pain (WOMAC); 50% 10%
placebo reduction in CRP

Source: compiled by the author. Systematic review [11], In vitro/experimental [12], Phytochemical analysis [13], RCT,

double-blind [14]

These data emphasised that Salix alba extract may be
an alternative to synthetic NSAIDs, especially for patients
with chronic inflammatory diseases who require long-
term treatment. The absence of COX acetylation, com-
bined with cytokine modulation and antioxidant effects,
creates a unique safety profile, which is confirmed by clin-
ical data. However, scientists noted the need for further
research to study long-term effects, in particular the im-
pact on hepatic metabolism and drug interactions. In this
study, there was a clear correlation between CRP dynamics
and clinical outcomes. For example, patients with higher
baseline CRP levels (>7 mg/L) showed a more pronounced
reduction in pain after treatment (-4.8 = 1.1 points on the
VAS) compared to those with lower CRP levels (-3.5%1.3
points; p=0.02) [16]. Similar patterns were found for joint
function. A 42% reduction in the total WOMAC score in
the extract group was accompanied by a 55% reduction
in CRP levels (to 2.8 £ 1.2 mg/L), while in the ibuprofen
group, the corresponding figures were 45% and 60% (to
2.6 £ 1.0 mg/L) [17]. The absence of a statistical differ-
ence between the groups (p = 0.18) indicates that both
agents are equally effective in suppressing systemic in-
flammation, but through different mechanisms of action.
CRP, whose synthesis in the liver is stimulated by IL-6, is

directly involved in cartilage degradation. It activates ma-
trix metalloproteinases (MMP-3, MMP-9), which destroy
collagen and proteoglycans, and also enhances chondro-
cyte apoptosis [11]. This explains why patients with ele-
vated CRP are more likely to require surgery in the later
stages of OA. In this study, white willow extract not only
reduced CRP levels but also slowed down cartilage degra-
dation, as confirmed by a 30% decrease in serum MMP-3
concentration (p<0.01).

Pain syndrome dynamics and joint function. After 12
weeks of treatment, the group of patients receiving Salix
alba extract showed a significant reduction in pain inten-
sity as assessed by the VAS [16]. The average pain score
decreased from 7.4+ 1.2 at the beginning of the study to
3.1 £ 1.5 after completion of therapy (A =4.3; p<0.001).
This indicates a clinically significant improvement, as a
reduction of >2 points on the VAS is considered significant
for patients with chronic pain syndrome. It is important to
note that the effect of the extract was similar to that of the
ibuprofen group, where the average pain score decreased
from 7.6+ 1.1 to 3.0+ 1.4 (A=4.6; p=0.12 for comparison
between groups). The graph illustrated a steady decrease
in pain in both groups, with the most pronounced effect
between 4 and 8 weeks of therapy (Fig. 1).
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Figure 1. Pain syndrome dynamics (according to VAS)

Source: compiled by the author

The functional status of the joints, assessed using
the WOMAC questionnaire, also improved [17]. In the Sa-
lix alba group, the total WOMAC score decreased by 42%
(from 68 +12 to 40+ 10; p < 0.001), while in the ibuprofen
group it decreased by 45% (from 70+ 11 to 38+9; p=0.24

for comparison between groups). The most pronounced
improvement was observed in the stiffness subscale: a
50% decrease for Salix alba (from 4.6+1.2 to 2.3+0.9) and
a 56% decrease for ibuprofen (from 4.8+ 1.1 to 2.1+0.8).
The pain subscale improved by 42% (extract) and 46%
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(ibuprofen),and physical activity by 42% and 45 %, respective-
ly (Table 3). This indicates that Salix alba not only effectively

reduces pain and stiffness, but also restores the function-
al abilities of patients, approaching the effect of ibuprofen.

Table 3. Dynamics of changes in WOMAC subscales in the Salix alba and ibuprofen groups

Subscale Example of WOMAC questions Salix alba group (n=60) | Ibuprofen group (n=60) | Improvement
Pain Pain when walking on a flat surface 124+2.1-72+1.8 12.8+2.0-6.9%1.6 42% vs 46%
Stiffness Joint stiffness after waking up 4.6+1.2—2.3+0.9 48+1.1-2.1+0.8 50% vs 56%
Physical activity Difficulty getting up from a chair 51.2%£8.5-29.8+6.2 52.0£8.2—28.6+5.9 42% vs 45%

Source: compiled by the author

The reduction in pain syndrome under the influence
of white willow extract is associated with its multifaceted
action. First, salicin inhibits prostaglandin synthesis by
suppressing COX-1/COX-2, which reduces peripheral sen-
sitisation of nociceptors. Secondly, modulation of the NF-
kB pathway leads to a decrease in the production of pro-in-
flammatory cytokines (IL-6, TNF-a), which enhance pain
sensations through central sensitisation. Thirdly, the an-
tioxidant components of the extract (flavonoids, tannins)
reduce oxidative stress in the synovial fluid, slowing down
cartilage destruction.

Although the difference in efficacy between the groups
did not reach statistical significance (p > 0.05), Salix alba
extract has an important advantage — a better safety pro-
file. For example, in the experimental group, only 10% of
patients reported mild side effects (nausea, diarrhoea),
while in the ibuprofen group, this figure was 25%. In ad-
dition, the extract provided a more stable effect: after dis-
continuation of therapy, pain recurrence was observed in
15% of patients in the Salix alba group versus 28% in the
control group. This may be due to the prolonged modula-
tion of inflammatory markers such as CRP and IL-6, whose
levels remained consistently lower for a month after the
end of treatment.

The effect of white willow extract on inflammatory
markers and the correlation between salicin levels and
clinical indicators. CRP, IL-6 and TNF-a are key biomarkers
of systemic inflammation associated with the activation of
the immune response and the progression of chronic dis-
eases. In this study, analysis of these markers revealed a
significant reduction in their levels after the use of Salix
alba extract and ibuprofen. Thus, CRP levels decreased by
55% in the Salix alba group (to 2.8+ 1.2 mg/L) and by 60%
in the ibuprofen group (to 2.6 * 1.0 mg/L), indicating sim-
ilar efficacy of both interventions in modulating the acute

phase response (p=0.18). Despite the lack of statistical sig-
nificance (p >0.05), the downward trend highlights the po-
tential of Salix alba as an alternative to traditional NSAIDs.

The level of IL-6, which plays a key role in maintain-
ing chronic inflammation, decreased from 12.4%3. 1 pg/mL
to 5.2+ 1.8 pg/mL (A=58%) in the Salix alba group and to
4.9+1.6 pg/mL (A=60%) in the ibuprofen group (p=0.29).
A similar trend was observed for TNF-a, which regulates
apoptosis and the inflammatory cascade reaction: a 50%
decrease in the Salix alba group versus 52% in the ibupro-
fen group (p=0.41) (Table 4). The absence of statistically
significant differences between the groups may be due to
the limited sample size or the influence of individual vari-
ations on the results.

The active components of Salix alba, such as salicy-
lates, inhibit COX-1/2 and prostaglandin synthesis, which
partly explains their anti-inflammatory activity. This
mechanism is similar to that of ibuprofen, which also
inhibits COX-2. However, unlike synthetic NSAIDs, Salix
alba extract contains a complex of phenolic compounds
that have been shown in studies to modulate additional
pathways, in particular inhibiting the activation of NF-«B,
a key regulator of IL-6 and TNF-o expression [10, 21]. The
polyphenolic components of Salix alba also reduce oxida-
tive stress through antioxidant activity, which enhances
the overall anti-inflammatory effect. Thus, the combi-
nation of salicylates and phenolic compounds provides a
broad spectrum of action, making Salix alba promising for
the comprehensive treatment of inflammatory conditions.
The results obtained indicated that Salix alba demonstrat-
ed anti-inflammatory efficacy compared to ibuprofen,
pardticularly in terms of reducing CRP, IL-6 and TNF-a.
Despite the lack of statistical significance, the trends high-
light its potential as a natural alternative in the treatment
of inflammatory conditions.

Table 4. Changes in inflammatory markers
Marker Salix alba group (A%) Ibuprofen group (A%) p-value
CRP -55 -60 0.18
IL-6 -58 -60 0.29
TNF-a -50 -52 0.41

Source: compiled by the author

The average salicin level in the blood of patients in the
Salix alba group was 25 * 4 pg/mL, which corresponds to
the therapeutic range required for cyclooxygenase inhibi-
tion and modulation of the inflammatory response. A weak
correlation between salicin levels and a decrease in C-reac-
tive protein (CRP) (r=0.32; p=0.02) may indicate that the
effect of the extract is not limited to salicylates alone, but

includes synergy with other bioactive components, such as
polyphenols or flavonoids. A moderate correlation with a
decrease in pain intensity according to the VAS (r=0.45;
p <0.001) indicates that salicin is a key but not the only
factor in the analgesic effect. A possible explanation is its
effect on peripheral pain receptors and the central nerv-
ous system through modulation of serotonergic pathways.
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Additionally, individual differences in salicin metabolism,
which could have influenced the variability of the results,
should be taken into account.

In the Salix alba group, side effects were reported in
10% of patients, mostly mild: nausea (6%) and diarrhoea
(4%), which occurred during the first 7-10 days of treat-
ment and disappeared on their own after the body adapt-
ed. In contrast, in the ibuprofen group, side effects were
observed in 25% of cases, including stomach discomfort
(12%), headache (8%) and increased liver enzyme activity
(5%). The latter indicator indicates the potential hepato-
toxic effect of ibuprofen with prolonged use. The absence
of serious complications (bleeding, allergic reactions) in
the Salix alba group highlighted its advantage for patients
at high risk of gastrointestinal complications. None of the
participants discontinued treatment due to side effects, in-
dicating that they were manageable and temporary.

Salix alba extract demonstrated efficacy comparable to
ibuprofen in reducing pain intensity in moderate osteoar-
thritis (difference in VAS reduction < 0.5 points). However,
its advantage is a significantly lower risk of side effects
(relative risk Odds Ratio (OR)=0.4; 95% confidence inter-
val (CI): 0.2-0.8), making it acceptable for long-term use.
The average time to onset of action of the extract (14£3
days) exceeded that of ibuprofen (7 #2 days), which is ex-
plained by the gradual accumulation of salicin and synergy
with other components that require time for full activa-
tion of anti-inflammatory mechanisms. For patients with
acute pain, it is recommended to combine the extract with
short-term use of NSAIDs, which will allow for rapid symp-
tomatic improvement without increasing the risk of com-
plications. The optimal course of treatment with Salix alba
is 4-6 weeks, which provides a lasting effect and minimises
the likelihood of developing tolerance.

The results obtained demonstrated that Salix alba bark
extract is an effective alternative to ibuprofen in the treat-
ment of OA, reducing pain and inflammation with similar
intensity but with a lower risk of side effects. These data are
consistent with the conclusions of H.J. Al-shattrawi [22],
who pointed out the ability of willow extracts to modulate
the gut microbiome, reducing systemic inflammation. How-
ever, this study is the first to directly compared the clinical
efficacy of a standardised extract with a synthetic NSAID,
bridging the gap between preclinical research and practical
application. The work of E.L. Maistro et al. [23] confirmed
the absence of hepato- and nephrotoxicity even at high
doses of Salix alba extract (500 mg/kg) in rats, supporting
the conclusions about the low incidence of side effects
(10%) in clinical settings. The authors pointed to the an-
tioxidant properties of the extract, which neutralise oxida-
tive stress, explaining its protective effect on organs. These
data are consistent with the observation of a 30% reduction
in MMP-3, a marker of cartilage degradation, in the study.

A study by D. Ojeda-Ramirez et al. [24] found that Salix
babylonica had a weaker effect on IL-6 compared to NSAIDs,
which contradicts the results obtained for Salix alba. This
difference may be explained by species characteristics (Sa-
lix babylonica contains less salicin and more tannins) or
extraction methods: D. Ojeda-Ramirez et al. used aqueous
extracts, while this study used a standardised ethanol ex-
tract with higher salicin bioavailability. The work of R. Car-
pa et al. [25] pointed to the selective antibacterial activity

of salicin isolated from Salix alba, which does not disturb
the balance of beneficial bacteria in the intestine. This may
explain the lower incidence of diarrhoea reported in the
study, as preservation of the intestinal microbiome pre-
vents dysbiosis, a common cause of gastrointestinal dis-
orders. Unlike synthetic NSAIDs, which often inhibit the
growth of Lactobacillus and Bifidobacterium, salicin selec-
tively acts on pathogenic strains, as confirmed in vitro.

A study by S. Faid [26] demonstrated that Salix spp.
leaf extract reduces TNF-a levels by 40% in rats with rheu-
matoid arthritis by inhibiting NF-xB activation, which is
consistent with the 55% reduction in CRP reported in the
present study. Unlike this study, which focused on chron-
ic effects in osteoarthritis, S. Faid’s study used a model of
acute inflammation, highlighting the versatility of salicin.
It is important to note that the use of the extract in S. Faid’s
study was localised, whereas this study demonstrated sys-
temic efficacy. The study by H.N. Phillips et al. [27] demon-
strated that oral willow extract does not lead to an increase
in prostaglandin E2 levels in calves, unlike flunixin meglu-
mine, which caused a significant increase in this marker of
inflammation. These data are consistent with the results
obtained regarding the lower incidence of side effects in
the Salix alba group, since the inhibition of prostaglandin
synthesis without COX-1 acetylation leaves the gastric mu-
cosa intact. In addition, the lack of effect on prostaglandin
E2 explains the preservation of the protective mechanisms
of the mucosa, which is critical for the safety profile.

A study by K. Warminski et al. [28] found high levels
of flavonoids, particularly quercetin and rutin, in the bark
of Salix alba, which explains the antioxidant activity of the
extract (ICso =45 %5 pug/mL). These flavonoids have been
shown to neutralise free radicals by donating electrons,
which is consistent with the reduction in oxidative stress
in synovial fluid observed in the study. Unlike other species
of the genus Salix, Salix alba exhibits a higher concentra-
tion of polyphenols, making it a promising source for the
development of antioxidant therapeutic agents. The work
of J. Tienaho et al. [29] proved that Salix spp. polyphenols
inhibit virus replication by blocking viral proteases, which
expands the potential range of applications of extracts be-
yond anti-inflammatory therapy. Although the study did
not analyse the effect on oxidative stress, the properties
identified correlate with the ability of polyphenols to mod-
ulate cellular signalling pathways associated with the im-
mune response. This highlights the versatility of willow’s
bioactive components, which can simultaneously affect
different links in the pathogenesis. A study by L. Zheng et
al. [30] demonstrated that polyphenolic beverages based
on Salix alba have neuroprotective properties in silico, in
particular by inhibiting beta-secretase associated with the
development of Alzheimer’s disease. These data confirmed
the broad pharmacological potential of willow extracts,
which is not limited to joint pathology. However, in the con-
text of osteoarthritis, their effect on joint function is key,
as evidenced by a 42% improvement on the WOMAC scale.

The work of D. Reshamwala et al. [31] showed that
willow extracts had no effect on coronavirus replication,
which contradicts their antiviral activity against other
pathogens found in previous studies. This difference may
be explained by the species specificity of bioactive compo-
nents or the peculiarities of interaction with specific viral
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proteins. In the context of osteoarthritis, such results em-
phasised that the therapeutic effect of extracts is primarily
due to anti-inflammatory and antioxidant mechanisms,
rather than direct antiviral action. A study by E. Gligori¢ et
al. [32] found that the bioactive components of Salix alba,
in particular salicin, selectively interact with pro-inflam-
matory cytokines (e.g., IL-1p) without affecting the func-
tion of the intestinal epithelium. This explains the absence
of toxicity and preservation of the structural integrity of
the gastrointestinal tract in the extract group. These prop-
erties make Salix alba promising for long-term use, espe-
cially in patients with a sensitive digestive tract.

A study by I. Sharma et al. [33] demonstrated the effi-
cacy of effervescent tablets based on Salix alba bark, where
the standardised extract reduced CRP levels by 38% after
4 weeks of use. These results are consistent with data on
a 42% reduction in pain syndrome on the WOMAC scale
in the study group, which emphasises the importance of
the pharmaceutical form for the bioavailability of salicin.
Unlike this study, which used effervescent tablets, the
study used encapsulated extract, which may have affect-
ed the rate of onset of the effect. The work of M. Neagu et
al. [34] found that the bark of Salix alba contains 20-30%
more phenolic compounds (salicin, quercetin) than the
leaves and branches, which explains the higher antioxidant
activity of extracts from this part of the plant. These data
confirm the choice of bark as the main source of bioactive
components in the study and also explain the reduction in
oxidative stress in synovial fluid. However, the authors did
not analyse the effect of phenols on joint function, which
limits direct comparison with the WOMAC scale results.

A study by N.P.K. Le et al. [35] and L.K. Venger [36]
showed that Salix alba bark extracts inhibit NF-«B activa-
tion 1.5-2 times more effectively than acetylsalicylic acid
in models of SARS-CoV-2 and LPS-induced inflamma-
tion. This is consistent with data on a 58% reduction in
IL-6 in the extract group, indicating the superiority of the
multitasking action of natural compounds over synthetic
NSAIDs. Unlike this study, which focused on the cytokine
cascade, the study analysed clinical parameters, emphasis-
ing the need for a comprehensive approach to evaluating
efficacy. A comparative analysis confirmed that Salix alba
bark extracts are promising for the treatment of inflamma-
tory diseases due to high content of phenolic compounds
and multifaceted action. Discrepancies in the results are
due to differences in pharmaceutical forms, standardisa-
tion methods and research models, which emphasises the
need for further clinical trials to unify protocols.

These studies have highlighted the broad pharmaco-
logical potential of Salix alba, in particular its anti-inflam-
matory, antioxidant and immunomodulatory properties.
Despite differences in approaches, studies and forms of
administration, Salix alba has consistently demonstrated
a positive effect on the course of pathological processes.
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MpoTu3anasibHa aKTUBHICTb €KCTPaKTy Kopu Bep6wu (Salix alba)
Ta MOro BN/IMB Ha MapKepu 3anaJZieHHs B OpraHisMmi noguHu
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AHoTauif. JoctigkeHHs 6y/10 CIIpsSIMOBaHe Ha OILiHKY MTPOTU3ananbHOI eeKTUBHOCTI Ta 6e31eKu eKCTPaKkTy Kopu Salix
alba mopiBHAHO 3 i6yrTpodeHOM Y MallieHTiB i3 0CTe0aPTPUTOM KOMIHHOTO cyra06a. Y 12-THXXHEBOMY PaHAOMi30BaHOMY
KOHTPOJIbOBAaHOMY HOCHiAXeHHi B YkpaiHi B3siu ydacth 120 mamieHTiB i3 miarHosom octeoaptput II-III cragii,
pO3TofiieHnX Ha JBi TPymu: Iepiia OTpUMYBala CTaHAAPTU30BAHUI eKCTPAaKT Bepbu (240 Mr canminuHy Ha mO6Y),
npyra — i6ynpoden (1 200 mr/no6y). BoiboBi MOKa3HMKY 3a Bi3yaabHO-aHAJIOTOBOIO IKAIOI0 3HM3MINCS 3 7,4 % 1,2 no
3,1+1,5 6aniB (A=4,3; p<0.001) y rpymi Salix albata 3 7,6*1,1 no 3,0+ 1,4 6anis (A=4,6; p=0,12) y rpymi i6ynpodeny.
@yHKIIis cym1o6iB, olliHeHa 3a mKkano Western Ontario and McMaster Universities Osteoarthritis Index, mokpamuiuaacst
Ha 42 % Ta 45 % BigmosigHo (p = 0,24). PiBenb C-peakTuBHOTrO 6iNKa 3MeHImMBCS Ha 55 % mpotu 60 % (p =0,18),
iHTepnelikiny-6 — Ha 58 % nipotu 60 % (p=0,29), bakTOpy HEKPO3Y MyXJAUHU-a. — Ha 50 % mpoTtu 52 % (p=0,41). [To6iuHi
edexty 3apeectpoBani y 10 % mamieHTiB rpynu Bep6u mpotu 25 % y KOHTPOJIi, IepeBaskHO NUTYHKOBO-KUIIIKOBOTO
XapakTepy. BUsSBIeHO TOMipHY KOpeNsIlilo Misk piBHEM CaJillMHY B KPOBi Ta 3HMKeHHSIM 600 (r = 0,45; p < 0,001).
Pe3ynbTaTyt JOBOISITH, IO eKCcTpakT Salix alba mae aHanoriuny i6ynpodeHy edheKTUBHICTH, ale 3 MEHIIUM PU3UKOM
yCKIagHeHb 3aBOSKM 6Garato3amauHiit mii (iHribyBaHHSI IMKIOOKCUMTEHA3, MOOYJISIliS LUTOKIHIB, aHTMOKCUIAHTHMIA
edekT). OTpMMaHi 1aHi OGIPYHTOBYIOTh BUKOPUCTAHHS €KCTPAKTY SIK aJbTePHATUBU CUMHTETUYHUM ITPOTHU3ATIAIbHUM
3aco6aM y KIiHiuHiii MpaKkTuIli, 0COGIMBO /IS MALiEHTIB i3 XPOHIUHMMM 3aTIaIbHUMU 3aXBOPIOBAHHIMM, JIe TPUBAJIMIA
MIPUITOM HECTEPOIZHMUX MPOTU3ATATbHUX TMPernapariB CyMpOBOAKYEThCS MiABUIIEHUM PU3UKOM IMOOIUHMX edeKTiB.
Pe3ynbraTyt po60TH MOXYTh OYyTM BMKOPMCTAHI PeBMATOJOraMM Ta JIiKasiMM-TepaneBTaMM y KIiHIYHiN TpakTHILi
IJISI TIpU3HAYEeHHS eKcTpakTy Salix alba sk 6e3MevYHOi aJibTePHATUBY HECTEPOIAHMUM IMPOTHU3ATAJbHUM IIpernaparam
naijieHTaM i3 0CTeoapTpUTOM
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Abstract. The aim of this study was to investigate the functional status of the thyroid gland in women with endometrial
hyperplastic processes, in light of the increasing interest in the role of thyroid dysfunction in the aetiopathogenesis of
proliferative changes in the uterine mucosa. The study included 30 women of late reproductive and perimenopausal age
(14-50 years), diagnosed with various forms of endometrial hyperplastic pathology, based at the Zaporizhzhia Medical
Academy of Postgraduate Education, Ministry of Health of Ukraine. The methodology involved clinical and laboratory
assessment of patients, including pelvic ultrasound, histological examination of the endometrium, and evaluation of
thyroid-stimulating hormone, free thyroxine and triiodothyronine levels, along with antibodies to thyroid peroxidase.
The main findings demonstrated that women with endometrial hyperplasia frequently exhibited concomitant
thyroid dysfunction, including subclinical or overt hypothyroidism. An elevated thyroid-stimulating hormone level
(3.8 £ 1.2 mIU/L) was observed in patients with endometrial hyperplasia compared to the control group, alongside
increased concentrations of thyroid peroxidase antibodies, indicating an autoimmune origin of the dysfunction. Analysis
revealed a correlation between the severity of thyroid dysfunction and the morphological variant of hyperplastic
endometrial changes: clinically significant thyroid dysfunction was more prevalent in women with atypical hyperplasia.
These findings support the rationale for routine thyroid function screening in women with endometrial hyperplasia,
to detect latent thyroid pathology, which may serve as both a background and a triggering factor in the development
of proliferative endometrial disorders. Thus, the study underscores the importance of an integrated approach to the
diagnosis and management of endometrial hyperplastic processes, considering the status of the thyroid gland and the
endocrine system more broadly

Keywords: thyroid-stimulating hormone; menopause; thyroid dysfunction; thyroid peroxidase antibodies; tissue
hyperplasia; reproductive age

INTRODUCTION

The relevance of this study lies in the high prevalence of
endocrine disorders among women of reproductive age
and their close association with endometrial pathology.
Thyroid dysfunction can influence the menstrual cycle,
fertility, and the morphofunctional state of the endome-
trium, thereby complicating the course of gynaecological
conditions. Investigating the relationship between these
disorders is essential for early diagnosis, the selection of

Suggested Citation:

appropriate therapy, and the prevention of complications,
while also enhancing the effectiveness of comprehensive
medical support for women.

Among the various disorders of the female reproduc-
tive system that are of interest to both clinical practice
and scientific research, endometrial hyperplastic process-
es warrant particular attention. Yu.V. Strakhovetska [1]
and M. Al-Kaabi et al. [2] examined the characteristics of
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endometrial hyperplastic processes in postmenopausal
women, noting that the majority of patients (77%) pre-
sented with climacteric syndrome during the menopausal
transition. In 60% of these women, certain manifestations
of the syndrome persisted into the postmenopausal period.
These pathologies encompass a broad spectrum of altera-
tions in the uterine mucosa, ranging from benign prolifer-
ative changes to precancerous conditions and early-stage
carcinoma. O.D. Leshchova [3] observed that gynaecological
pathology most frequently occurred in women with simple
endometrial hyperplasia without atypia, often accompanied
by chronic endometritis, as well as in patients with chron-
ic endometritis and reactive hyperplasia. Such cases were
typically associated with urogenital infections, menstru-
al irregularities, and pronounced urinary tract pathology.

Despite numerous studies, the pathogenesis of endo-
metrial hyperplastic processes remains complex and insuf-
ficiently understood. Hormonal imbalance - particularly
oestrogen stimulation in the context of relative or absolute
progesterone deficiency, frequently observed in anovula-
tory cycles — plays a significant role in the development
of these changes. I.LK. Orishchak et al. [4] emphasised the
importance of infectious factors in the aetiology of endo-
metrial hyperplastic processes. Restoration of the genital
tract microbiocenosis contributes to more effective treat-
ment and the prevention of relapses. Thyroid hormones
participate in the regulation of the menstrual cycle, ovu-
lation, endometrial development, and the maintenance of
pregnancy. Thus, changes in thyroid function may direct-
ly or indirectly impact the condition of the uterine lining.
L.I. Kulyk & S.V. Khmil [5] noted that correcting endocrine
imbalance, particularly through the use of vitamin D3 and
inositol, has a positive effect on the endometrium in hor-
monally dependent conditions.

There is, however, a well-established association be-
tween thyroid pathology and various gynaecological dis-
orders, including infertility, dysfunctional uterine bleed-
ing, polycystic ovary syndrome, and early menopause. The
potential role of thyroid dysfunction in the pathogenesis
of endometrial hyperplastic changes is of particular in-
terest. Hypothyroidism — both subclinical and overt — may
be accompanied by anovulation, hyperoestrogenism, and
delayed secretory transformation of the endometrium,
thereby creating conditions conducive to excessive prolif-
eration of the uterine lining. G. Brenta & U. Hostalek [6]
studied comorbidities associated with hypothyroidism.
Autoimmune thyroiditis, one of the most common caus-
es of hypothyroidism, may also exert additional effects via
systemic inflammation and impaired immune regulation.
L.J. Jara et al. [7] have explored the broader systemic im-
pact of this disease in more detail. Despite the apparent
pathophysiological connections, the association between
thyroid status and endometrial hyperplasia remains in-
consistently addressed in the literature. Some studies re-
port a high frequency of thyroid abnormalities in patients
with endometrial hyperplasia, while others do not identify
significant differences relative to the general population.
This discrepancy may be attributed to methodological var-
iations across studies — such as differing designs, inclusion
criteria, and classification of hyperplasia — as well as re-
gional differences in thyroid disorder prevalence, iodine
sufficiency, and socio-genetic factors.

Discussion of thyroid dysfunction in patients with en-
dometrial hyperplasia gains particular importance in the
context of gynaecological and oncological disease pre-
vention. Given the potential for proliferative endometrial
changes to undergo malignant transformation, timely cor-
rection of concomitant endocrine disorders, especially thy-
roid dysfunction, may serve as a valuable secondary pre-
ventive strategy against oncological complications. This
is especially pertinent in high-risk populations, including
women in perimenopause, those with excess body weight,
metabolic syndrome, or a family history of related diseas-
es. D.Yu. Beraya [8] observed that women with infertility
and various thyroid pathologies frequently present with
ovarian-menstrual disorders such as dysmenorrhoea and
oligomenorrhoea. In cases of infertility, the predominant
contributing factor is endometriosis in patients without
thyroid pathology, whereas in those with thyroid dysfunc-
tion, the endocrine factor is more relevant.

Endometrial hyperplastic processes are common
among women of late reproductive and perimenopausal age
and are associated with a high risk of recurrence and ma-
lignancy. J. Huang et al. [9] have described oncological var-
iants of endometrial pathology and the associated risk fac-
tors. Nevertheless, the role of thyroid dysfunction in these
processes remains insufficiently understood, and current
clinical protocols do not mandate thyroid function assess-
ment. This represents a significant scientific and practical
gap, which hampers the timely identification of concomi-
tant endocrine abnormalities and reduces the effectiveness
of therapeutic interventions. Aim of the study: to assess the
functional state of the thyroid gland in women with endo-
metrial hyperplastic processes and to establish a potential
pathogenetic link. Objectives of the study: to determine
the prevalence of thyroid pathology among patients with
endometrial hyperplastic processes; to analyse the levels
of thyroid-stimulating hormone (TSH), free triiodothyro-
nine (T3), free thyroxine (T4), and antibodies to thyroid
peroxidase; to identify correlations between the forms
of endometrial hyperplasia and thyroid function status.

MATERIALS AND METHODS

During the study, 60 women aged 14 to 50 years with endo-
metrial hyperplastic processes were examined. The average
body weight of the patients was 65 kilograms. Two groups
were formed: the second group served as the control group
and comprised 30 women, also aged 14 to 50 years and
weighing approximately 65 kg. The inclusion criteria were
the presence of diagnosed hyperplastic changes in the en-
dometrium, absence of malignant neoplasms, and informed
consent to participate in the study. The exclusion criteria
included severe somatic diseases, pregnancy, oncological
pathology, and refusal to participate. The control group
consisted of women without gynaecological pathology.

All participants underwent a detailed collection of gy-
naecological, reproductive, and somatic history, as well as
clinical, laboratory, and instrumental examinations. The
study was conducted at the Zaporizhzhia Medical Acade-
my of Postgraduate Education of the Ministry of Health of
Ukraine, from 1 June 2023 to 1 June 2024. All participants
signed informed consent forms, which outlined the pur-
pose, methods, and potential risks of the study, and guar-
anteed confidentiality of personal data and medical results.
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The study was conducted in accordance with the ethical
standards of the Declaration of Helsinki and was approved
by the local ethics committee [10]. Specifically, information
was gathered on the regularity of the menstrual cycle, the
presence of pathological bleeding such as menorrhagia or
intermenstrual bleeding, and a history of gynaecological
diseases, including chronic inflammatory processes of the
pelvic organs, endometrial polyps, and uterine fibroids.
This information was obtained through patient interviews
during the study.

Additionally, data were collected on previous pregnan-
cies, childbirths, abortions and any related complications,
the use of contraceptives and their effect on the menstru-
al cycle. Reproductive history included assessment of the
number of pregnancies, deliveries, and abortions, as well
as potential fertility issues or miscarriages, and the use of
ovulation-stimulating medications. The presence of syn-
dromes that could affect reproductive function, such as
polycystic ovary syndrome, was also assessed. The somat-
ic history enabled the collection of information regarding
chronic diseases such as hypertension, diabetes mellitus,
cardiovascular conditions, hepatic and renal disorders, as
well as the presence of endocrine abnormalities, particu-
larly hypothyroidism or autoimmune thyroid diseases.
Data concerning body weight, obesity, and lifestyle fac-
tors — including nutrition, physical activity, and harmful
habits such as smoking or alcohol consumption — were also
recorded. In addition, the patients underwent a clinical ex-
amination, which included a general physical assessment,
blood pressure measurement, and evaluation of the genital
organs via gynaecological examination, abdominal palpa-
tion, and cervical inspection.

Laboratory testing was conducted once, in the early
morning hours (07:00-08:00), on an empty stomach, tak-
ing into account diurnal hormonal fluctuations. Levels of
thyroid-stimulating hormone (TSH), triiodothyronine (T3),
thyroxine (T4), and antibodies to thyroid peroxidase, as
well as oestrogens, progesterone, follicle-stimulating hor-
mone (FSH), and luteinising hormone (LH), were measured
using enzyme-linked immunosorbent assay (ELISA) and
chemiluminescent immunoassay on the Cobas e411 auto-
matic analyser (Roche Diagnostics, Switzerland).

A complete blood count and urinalysis were carried out
using haematological and automatic biochemical analys-
ers, respectively. Blood glucose levels were determined
using the glucose oxidase reaction method. To detect po-
tential infectious agents influencing endometrial status,
bacteriological cultures and cytological smear examina-
tions were performed. Instrumental diagnostics included
pelvic ultrasound to assess the condition of the uterus and
ovaries, and to identify any tumorous formations or anom-
alies. For more detailed endometrial assessment, hyster-
oscopy was employed, and where necessary, endometrial
biopsy was performed for histological tissue analysis. This
comprehensive approach enabled evaluation not only of
gynaecological status but also of thyroid function, and fa-
cilitated the detection of comorbidities potentially influ-
encing the course of endometrial hyperplastic processes.
Morphological findings were interpreted according to the
World Health Organization (WHO) classification [11].

The detection of antibodies to thyroid peroxidase
suggested a possible autoimmune origin of the disorders,

which is particularly relevant in patients with gynaecolog-
ical pathology. Measurement of thyroglobulin levels fur-
ther contributed to the evaluation of thyroid function and
structure, especially when destructive thyroid processes
were suspected. This methodology allowed for the iden-
tification of both hypo- and hyperthyroid states, which is
essential for understanding the role of thyroid dysfunction
in the development of endometrial proliferative processes.
Statistical data analysis was performed using variational
statistics in the Excel software package. Differences were
considered statistically significant at p < 0.05. Descriptive
statistics, expressed as mean * standard deviation, were ap-
plied to characterise both parametric and non-parametric
data appropriately.

RESULTS AND DISCUSSION
During the survey, it was established that the vast majority
of patients — 90% — resided in urban areas, and approxi-
mately half (53.33%) were employed in the service sector or
engaged in intellectual work (i.e. white-collar occupations)
(Fig. 1). Only one patient (3.33%) reported exposure to oc-
cupational hazards in the workplace.

30 Housemakers
53.33 Workers
16.67 Employees

Figure 1. Distribution of examined patients
by employment status
Source: created by the authors

Based on the data presented in Figure 1, it can be not-
ed that the majority of women were white-collar work-
ers, indicating a predominance of individuals engaged in
sedentary or office-based occupations. Housewives and
those involved in physical or other forms of active labour
comprised a smaller proportion. This distribution may be
relevant when analysing risk factors associated with life-
style and levels of physical activity. Analysis of menstrual
function revealed that the average age at menarche among
patients was 12.27 # 1.04 years. At the time of examina-
tion, only 4 women (13.33%) had regular menstrual cycles,
while the majority of patients (80%) experienced heavy
menstrual bleeding. Within the gynaecological history of
women with endometrial hyperplastic processes, the most
frequently associated diagnosis was uterine leiomyoma,
observed in 63.33% of cases (Fig. 2).

Figure 2 illustrated the structure of concomitant gy-
naecological diseases in women with endometrial hyper-
plastic processes. The most prevalent pathology was sal-
pingo-oophoritis, diagnosed in over 30% of cases. This was
followed in frequency by endometrial hyperplasia, adeno-
myosis, cervical or uterine corpus pathology, and dysfunc-
tional uterine bleeding. Ovarian cysts were less commonly
observed. These findings highlighted a high incidence of
chronic inflammatory and proliferative changes within the
reproductive system among the study group. It is note-
worthy that the average duration of uterine leiomyoma in
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patients was 3.61£0.75 years, while endometrial hyperpla-
sia had been diagnosed in five women approximately three
years prior to the current assessment. Menometrorrhagia
(prolonged and heavy menstrual bleeding) was reported to
have begun, on average, 2.32+0.16 years before the study
(range: 0.5 to 8 years). The most frequently performed sur-
gical intervention on the reproductive system among those
examined was separate diagnostic curettage of the uterine

cavity, which had been undertaken in 23.33% of women.
Two patients had previously undergone adnexectomy, and
one had undergone cystectomy. J.G. Kruthica et al. [12]
identified in their study that mutations in the MED12,
HMGA2, COL4A5, FN1, TGFB3, and KLF6 genes were as-
sociated with the formation of leiomyomas. Among these,
mutations in the MED12 gene were found to be the most
common cause of leiomyomas across different populations.

33.33
35 .
30 Disease
25
20 16.67
R 13.33 13.33 13.33
15 10
10
5
0
Cysts Thyroid Salpingoophoritis  Endometrial Adenomyosis Dysfunctional
pathology hyperplasia uterine bleeding

Figure 2. Prevalence of gynecological pathologies in the history of examined women

Source: created by the authors

The results of the histological examination of the re-
moved endometrium are presented in Figure 3. The most
frequent morphological form identified was simple atyp-
ical endometrial hyperplasia, which was diagnosed in 19
women. In six cases, an endometrial sample could not be
obtained, most likely due to the prolonged nature of the
bleeding, which resulted in either the absence or signifi-
cant thinning of the uterine mucosa, rendering morpho-
logical analysis unfeasible.

17

8.33’
8.33

H Glandular-fibrous hyperplasia
Simple, atypical hyperplasia
Micropolyposis

79.17 Mixed hyperplasia

Figure 3. Structure of the results
of histological examination of the endometrium
Source: created by the authors

Half of the examined women (15 individuals) had a
history of childbirth, while every fourth participant (8
women or 26.67%) reported having undergone a medical
termination of pregnancy. Spontaneous abortions were
noted in 5 women (16.67%). The average number of preg-
nancies was 1.58 #0.14, deliveries — 1.24£0.22, and abor-
tions — 1.29+0.09. It is notable that the maximum number
of deliveries did not exceed two, induced abortions — three,
and spontaneous abortions — one. Within the structure of
somatic pathology, arterial hypertension was the most fre-
quently observed condition, recorded in 4 women (13.33%).
Isolated cases of diabetes mellitus, liver disease, and renal
disorders were also noted. A history of thyroid pathology
was found in 12 women (40%), of whom half (6 patients, or
20% of the total cohort) had hypothyroidism. Thyroid nod-
ules were identified in 5 women (16.67%), one woman had

thyrotoxicosis, and another had undergone bilateral thy-
roid lobe resection. The average duration of thyroid disease
was 7.46*1.03 years.

Ultrasound examination of the thyroid gland revealed
no abnormalities in only one patient. Nodular formations
were visualised in 15 women (50%), diffuse parenchymal
changes in 8 women (26.67%), follicular formations in 2
cases, and isolated cases of hyperplasia, thyroiditis, atro-
phy, or post-resection changes were also observed. The
average volume of the thyroid gland was 10.78 +1.05 cm?,
with the right lobe measuring 6.57 # 0.24 cm® and the
left lobe 6.31 £0.17 cm®. The average volume of the nod-
ules was 0.86 + 0.04 cm?® Ultrasound measurements of
the uterus and ovaries were consistent with age-relat-
ed norms. However, the M-echo thickness on days 5-7 of
the menstrual cycle was 10.06 # 1.17 mm (range: 3.2 mm
to 18.5 mm), exceeding physiological parameters and sug-
gesting the presence of endometrial hyperplasia. Thyroid
function assessment revealed the following hormone lev-
els: thyroid-stimulating hormone (TSH) - 3.55 mIU/L, free
thyroxine (T4) — 16.03 pmol/L, triiodothyronine (T3) -
3.94 pmol/L, antibodies to thyroid peroxidase — 97.28 1U/
mL, and thyroglobulin - 21.72 ng/mL. These findings indi-
cate that the TSH level approached the upper limit of the
normal range, T3 was below normal, while other indicators
remained within reference values.

During the study, it was found that 60% of patients
with endometrial pathology had thyroid dysfunction. Sub-
clinical hypothyroidism was most frequently diagnosed,
accounting for 20% of cases, while clinical hypothyroidism
and thyrotoxicosis were each observed in 10% of cases.
Additionally, a euthyroid state with elevated antibodies to
thyroid peroxidase was recorded in 20% of patients, indi-
cating autoimmune thyroid pathology without overt clin-
ical manifestations. A. Muzafar Jafaar & M.Q. Meena [13]
reported that most cases of hypothyroidism in their study
were attributable to autoimmune thyroid disease, support-
ed by the presence of goitre and elevated levels of both an-
ti-thyroid antibodies.
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Analysis of the types of endometrial pathology re-
vealed that the highest proportion of patients with thyroid
dysfunction had endometrial hyperplasia — comprising
40% of the cohort. Among these, 70% had coexisting thy-
roid dysfunction. In the subgroup with endometrial polyps,
thyroid dysfunction was identified in 50% of cases. In pa-
tients with atypical hyperplasia, observed in three indi-
viduals, the incidence of thyroid pathology reached 30%,
suggesting a potential impact of thyroid hormone imbal-
ance on the development of more severe forms of endome-
trial hyperplasia. The relationship between thyroid-stim-
ulating hormone (TSH) levels and endometrial thickness
was also examined. In patients with elevated TSH levels
(above 4 mIU/L), the average endometrial thickness was
12.3%£2.1 mm, compared to 9.6% 1.7 mm in those with nor-
mal TSH levels (p <0.01). This finding suggests a possible
role of hypothyroidism in promoting proliferative changes
in the endometrium. B. Gautam et al. [14] analysed patients
who tested positive for anti-TPO antibodies, including 59
women. A significant positive correlation was observed be-
tween TSH and anti-TPO levels, along with a negative cor-
relation between free T3, T4 and anti-TPO. These findings
underscore the value of anti-TPO level determination for
the early detection and confirmation of autoimmune thy-
roid disease.Elevated levels of antibodies to thyroid perox-
idase were found in 30% of the total cohort. Among these,
60% also exhibited menstrual irregularities, such as ano-
vulatory bleeding or secondary amenorrhoea. This further
supports the association between autoimmune thyroiditis
and disrupted endometrial function.

Ultrasound examination of the thyroid gland revealed
structural changes in 40% of the participants. The most
common findings included signs of diffuse thyroiditis and
the presence of nodules (20%). Nodular goitre was more
frequently observed in patients with endometrial polyps,
whereas diffuse changes predominated in the group with
endometrial hyperplasia. Additionally, among women with
elevated thyroid-stimulating hormone (TSH) levels and re-
duced concentrations of free T4, 80% reported symptoms
such as excess weight, increased fatigue, and dry skin, indi-
cating the systemic nature of hypothyroidism. In this sub-
group, delayed menstruation (60%) and anovulation were
also more common, suggesting that these endocrine dis-
turbances may have contributed to the structural chang-
es in the endometrium. Particular attention was given to
patients with recurrent endometrial hyperplasia following
hormonal therapy. In 60% of these cases, previously undi-
agnosed or latent hypothyroidism was identified. This find-
ing suggests that untreated thyroid dysfunction may reduce
the effectiveness of treatment for endometrial pathologies.
Comparison of treatment outcomes showed that patients
whose thyroid function was normalised (via levothyroxine
or antithyroid therapy) demonstrated better clinical out-
comes, including reduced endometrial thickness, regular-
isation of the menstrual cycle, and a lower recurrence rate
of hyperplasia. A. Nayak [15] conducted a study investigat-
ing the relationship between thyroid dysfunction and ab-
normal menstrual bleeding, reporting that 32.6% of partic-
ipants had hypothyroidism and 2.5% had hyperthyroidism.
Hypothyroidism was most common among women with
menorrhagia and metrorrhagia, as well as in cases of pu-
bertal menorrhagia. Furthermore, 17.6% of patients with

endometrial hyperplasia in that study had hypothyroidism.
These data underscore the importance of assessing thyroid
function in women with menstrual irregularities to ensure
timely diagnosis and effective treatment. A similar view-
point is presented by R.A. Safonov et al. [16], who reported
that significant abnormalities in steroid hormone levels in
women with thyroid dysfunction support the existence of
a relationship between endometrial proliferative processes
and thyroid function. Their findings, like the current study,
demonstrated a close association between thyroid dys-
function and abnormal uterine bleeding.

As part of this research, patients were stratified into
age groups to assess the influence of age on the frequency
of thyroid dysfunction in the context of endometrial pa-
thology. The highest frequency of thyroid dysfunction was
recorded in women aged 36-45 years, at 66.7% (10 out of
15). In the younger cohort (20-35 years; 9 patients), the
rate was 55.6% (5 women), and among those over 45 years
(6 patients), it was 50% (3 women). These results indicate
a heightened vulnerability to endocrine dysregulation
among women of mid-reproductive age, likely due to the
combined influence of hormonal fluctuations, stress, and
metabolic changes. F. Memon et al. [17] also noted that
thyroid fibrosis was most prevalent (36%) in middle-aged
patients, while the thickness of the basement membrane
was lowest in younger patients (12%) and highest in older
patients (31%), which supports the reliability of the pres-
ent data. The relationship between body mass index (BMI)
and thyroid function was also examined. Among the 19
overweight patients (BMI >25), thyroid dysfunction was
observed in 73.7% (14 women). In contrast, among the 11
patients with normal weight (BMI £25), only 36.4% (4 wom-
en) had thyroid dysfunction. Furthermore, of the 12 women
with confirmed hypothyroidism, 83.3% (10 patients) had a
BMI over 25. This finding points to a close association be-
tween reduced thyroid function and metabolic disturbanc-
es, including obesity. E.M. Milewska-Kobos et al. [18] and
F. Torre et al. [19] have similarly indicated a connection be-
tween increased body weight and thyroid status. Excessive
obesity and adipose tissue dysfunction may contribute to
the development of thyroid disorders such as autoimmun-
ity, thyroid nodules, and thyroid cancer. The prevalence of
thyroid disease is significantly higher among obese indi-
viduals than in those with normal weight, particularly in
the presence of unhealthy obesity phenotypes.

Among the eight women diagnosed with autoimmune
thyroiditis, three (37.5%) also exhibited ultrasound signs
of polycystic ovary syndrome (PCOS). These patients ex-
perienced prolonged anovulatory cycles and menstrual
irregularities, which were associated with hyperplastic
processes in the endometrium. It was found that five out
of eight (62.5%) patients with autoimmune thyroiditis and
chronic anovulation had complex forms of endometrial
hyperplasia, including cases with proliferative and atypical
changes. This underscores the importance of thyroid func-
tion in regulating the endocrine axis — hypothalamus-pi-
tuitary-ovarian — and its influence on the endometrium.
A retrospective analysis of reproductive history revealed
that out of 30 patients, nine women (30%) had a history of
miscarriage or infertility. Among these, seven (77.8%) had
thyroid dysfunction, suggesting a potential role in the on-
set or persistence of reproductive disorders. Specifically,
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three cases involved hypothyroidism, while two patients
exhibited elevated titres of antibodies to thyroid peroxi-
dase despite maintaining a euthyroid state. Such immune
activity could interfere with implantation or early embry-
onic development. A. Beadini et al. [20] also identified a
link between autoimmune thyroiditis and PCOS, report-
ing that among women with PCOS, 26.03% had markers
of autoimmune thyroiditis (elevated anti-TPO or anti-Tg
levels), compared to only 9.72% in the control group. This
suggests a significantly higher risk of developing auto-
immune thyroiditis in women with PCOS, irrespective
of geographic location or diagnostic criteria. Addition-
al analysis of clinical symptoms associated with thyroid
dysfunction demonstrated a relationship with the type of
endometrial changes. Among the 12 patients with hypo-
thyroidism, the most commonly reported symptoms were
fatigue (83.3%, 10 women), facial or limb swelling (58.3%,
7 women), dry skin (66.7%, 8 women), and menstrual ir-
regularities (91.7%, 11 women). In contrast, among the
12 patients without thyroid pathology, these symptoms
were significantly less frequent: fatigue (33.3%), swell-
ing (16.7%), dry skin (25%), and menstrual irregularities
(41.7%). Statistical analysis confirmed a significant dif-
ference in the prevalence of these symptoms between the
two groups (p < 0.05), highlighting the clinical relevance
of thyroid dysfunction in the development of endome-
trial disorders. Evaluation of the relationship between
thyroid-stimulating hormone (TSH) levels and the type
of endometrial pathology revealed that the highest mean
TSH values were observed in patients with atypical hyper-
plasia (5.1% 1.3 mIU/L). In those with simple hyperplasia,
the average TSH level was 4.2 # 1.1 mIU/L, while patients
with polyps had a mean TSH of 3.4 £ 1.2 mIU/L. By compar-
ison, women without thyroid pathology had a significantly
lower mean TSH level of 2.1 #0.7 mIU/L. These findings
suggest a potential progression of endometrial patholo-
gy with increasing thyroid dysfunction. S.S. Bahreiny et
al. [21] similarly reported that in women with abnormal
uterine bleeding, the most common histopathological

findings included proliferative endometrium, hyperplasia
without atypia, and secretory endometrium. Hyperplastic
endometrial changes were more prevalent in patients with
hypothyroidism, further supporting the role of thyroid
dysfunction in endometrial pathology. Additionally, endo-
metrial thickness as measured by ultrasound was found to
correlate with histopathological findings: patients diag-
nosed with endometrial hyperplasia had greater endome-
trial thickness than those in other groups.

The study analysed the effect of thyroid gland treat-
ment on the endometrium. Among six patients who re-
ceived levothyroxine replacement therapy for hypothy-
roidism for at least six months, four (66.7%) demonstrated
positive dynamics — namely, a decrease in endometrial
thickness (by an average of 2.4 mm), normalisation of the
menstrual cycle, and the disappearance or reduction of
menorrhagia. These findings indicate the effectiveness of
correcting thyroid insufficiency as a key component in the
management of concomitant gynaecological pathology.
Another important aspect was the assessment of free T4
levels in relation to endometrial pathology. Patients with
atypical hyperplasia had statistically lower free T4 levels
than those in other groups — 9.7 * 1.4 pmol/L compared to
12.2% 1.5 pmol/L in women with endometrial polyps. This
correlation may reflect the duration and severity of hy-
pothyroidism as a contributing factor in the progression
of endometrial pathology. The level of prolactin was also
measured separately in patients with menstrual disorders
and concurrent hypothyroidism. In six out of twelve such
women (50%), a moderate increase in prolactin levels was
detected (mean value — 33.4 +4.5 ng/mL). This was likely
due to the stimulatory effect of elevated thyroid-stimulat-
ing hormone on prolactin production, which could nega-
tively impact ovulatory function and contribute to chronic
anovulation. The overall analysis of the study findings en-
abled the identification of the most significant risk factors
for the development of thyroid dysfunction in women with
endometrial pathology. More detailed information is pre-
sented in Table 1.

Table 1. Risk factors for thyroid pathology

Risk factor ] Note
of occurrence
Overweight (BMI>25 kg/m?) 63.6% Mostly associated with hypothyroidism
Age 36-45 years 66.7% The highest incidence of thyroid dysfunction
Atypical or recurrent endometrial hyperplasia 75% Accompanied by thyroid dysfunction
Autoimmune thyroiditis 80% Often accompanied by menstrual irregularities
Reproductive.losses (miscarriage, infert.ility, 77.8% In most cases — hyp(?thyroidi.sm or antibodies to
premature birth, fetal growth retardation) thyroid peroxidase

Source: created by the authors

In order to further analyse the relationship between
the functional state of the thyroid gland and the mor-
phological structure of the endometrium, the results of
histological examination were assessed. In patients with
hypothyroidism, proliferative changes predominated: sim-
ple or complex hyperplasia without atypia was identified
in 66.7% (8 out of 12) of cases, and atypical hyperplasia
in 25% (3 women). In only one case (8.3%) was secreto-
ry endometrium observed without pathological chang-
es. In the group of women with normal thyroid function,
pathological changes were less pronounced: endometrial

hyperplasia was detected in 33.3% of cases (4 out of 12), and
no atypical changes were observed. Furthermore, based on
the evaluation of the morphofunctional state of the endo-
metrium in patients with varying levels of thyroid-stimu-
lating hormone (TSH), it was noted that the higher the TSH
level, the greater the likelihood of persistent endometrial
thickening, regardless of the phase of the menstrual cycle.
In 70% of patients with TSH >4.5 mIU/L, an endometrial
thickness exceeding 11 mm was recorded, which is consid-
ered a pathological indicator for women of reproductive
age, particularly in the luteal phase. In contrast, among
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patients with TSH <2.5 mIU/L, such thickness was observed
in only 16.7% of cases. These findings suggest that disrup-
tion of thyroid homeostasis may lead to increased stimula-
tion of endometrial growth, potentially due to altered lev-
els of gonadotropins or the influence of thyroid hormones
on the oestrogen-progesterone balance. In this context, it
is important to highlight that the study found a statisti-
cally significant correlation between TSH levels and the
frequency of hyperplastic processes in the endometrium.
Another important clinical consideration was the in-
vestigation of anaemic syndrome in patients with con-
current endometrial and thyroid pathology. In nine wom-
en (30% of the sample), haemoglobin levels were below
110 g/L; in all these cases, both heavy menstrual bleeding
and concomitant hypothyroidism or thyroiditis were pres-
ent. This supports the hypothesis of an indirect effect of hy-
pothyroidism on the intensity of uterine bleeding, possibly
via destabilisation of the endometrial layer. An additional
examination of inflammatory markers, particularly C-reac-
tive protein (CRP), revealed that among patients with auto-
immune thyroid changes (elevated anti-thyroid peroxidase
antibodies), CRP levels were raised in 54.5% of cases (6 out
of 11),indicating possible systemic immune activation. This
finding suggests a potential role for immune mechanisms
in the pathogenesis of endometrial changes, especially in
the context of autoimmune thyroiditis as a systemic con-
dition. Analysis of lifestyle and associated factors demon-
strated that 10 patients (33.3%) experienced chronic stress
or psycho-emotional exhaustion. Within this subgroup,
thyroid pathology was identified in 70% of cases (7 women).
It was also recorded that six patients (20%) were tak-
ing combined oral contraceptives at the time of examina-
tion. Among them, only one woman was diagnosed with
hypothyroidism, while the remainder had thyroid function
within normal limits. This provided grounds to assume that
hormonal contraception may stabilise the hormonal back-
ground to some extent, but does not influence autoimmune
processes. It should also be noted that comorbid pathology
was identified in five patients: arterial hypertension (three
cases) and insulin resistance (two cases). All these women
had concomitant hypothyroidism, suggesting the presence
of a general metabolic syndrome in which thyroid insuffi-
ciency plays a significant role. Thus, the results obtained
demonstrate the multifactorial influence of the thyroid
gland on the condition of the endometrium. Dysfunction of
this organ is associated not only with morphological chang-
es in the endometrium, but also with general somatic and
metabolic disorders, significantly complicating the clinical
picture. This once again highlights the need for an individ-
ualised approach to the examination and treatment of such
patients, with mandatory consideration of thyroid status
in each case. H.D. Sahu et al. [22] analysed the relationship
between hormonal oral contraceptives and thyroid func-
tion. Oral contraceptives containing oestrogens increase
the level of thyroxine-binding globulin, which leads to a
rise in the total serum levels of T4 and T3, while the levels
of free hormones remain stable. This may complicate the
interpretation of thyroid function test results, especially
in women receiving levothyroxine replacement therapy,
as an increase in thyroxine-binding globulin may reduce
the bioavailability of free T4, necessitating an adjustment
in the levothyroxine dose. In addition, in women with

subclinical hypothyroidism or those on levothyroxine ther-
apy, oral contraceptives may increase the risk of thrombo-
embolic and cardiovascular complications. Therefore, when
prescribing oral contraceptives to women with thyroid dys-
function, it is essential to consider potential changes in the
hormonal profile and adjust therapy accordingly.

The investigation into the relationship between the
level of antibodies to thyroid peroxidase and the type of
endometrial pathology deserves particular attention. An-
tibodies to thyroid peroxidase were detected in 11 patients
(36.7%), of whom nine had morphologically confirmed en-
dometrial hyperplasia (81.8%). In five cases (45.5%), the
hyperplasia was atypical, indicating the potential role of
autoimmune inflammation in the development of prolif-
erative processes in the endometrium. Notably, atypical
hyperplasia was not observed in women without elevated
levels of antibodies to thyroid peroxidase. This pattern
suggests that autoimmune processes in the thyroid gland
may exert systemic effects and contribute to destructive
changes in the endometrium. The study also assessed the
influence of reproductive history on the likelihood of de-
veloping thyroid dysfunction. Among infertile patients
(six women), hypothyroidism of varying degrees or elevat-
ed antibodies to thyroid peroxidase were identified in five
cases (83.3%). All these women also exhibited hyperplastic
changes in the endometrium, further supporting the hy-
pothesis that thyroid dysfunction is involved in impaired
implantation processes and the development of chronic
anovulation. By contrast, among patients with at least one
previous normal pregnancy, thyroid pathology was detect-
ed in only 33.3% of cases (six out of 18 women). A. Muzafar
Jafaar & M.Q. Meena [13] demonstrated in their study that
most cases of hypothyroidism are associated with autoim-
mune processes, as evidenced by the high frequency of An-
ti-TPO and Anti-Tg antibodies and the presence of goitre
in patients. These findings underscore the importance of
accounting for the autoimmune component in the diagno-
sis and treatment of hypothyroidism. Similarly, a study by
1. Upadhyay et al. [23] found that most patients with thyroid
disease tested positive for thyroid peroxidase antibodies,
confirming the autoimmune nature of these conditions.
The detection of diffuse hypoechogenicity on ultrasound
closely correlated with the presence of Anti-TPO antibod-
ies, highlighting the value of ultrasound diagnostics as a
non-invasive, safe, and cost-effective method for the de-
tection and prognosis of autoimmune thyroid diseases.

The influence of seasonal factors was also examined.
Among the 30 patients assessed, 18 were evaluated during
the autumn-winter period. Of these, 11 women (61.1%)
exhibited signs of thyroid dysfunction, compared to 6 of
12 patients (50%) examined in the spring-summer period.
Although the difference was not statistically significant,
it may suggest seasonal fluctuations in thyroid function,
particularly in regions characterised by low insolation or
iodine deficiency. In several cases (three patients), hypo-
thyroidism was found in combination with other autoim-
mune conditions - specifically, one case of rheumatoid
arthritis and two cases of subclinical gastritis with pos-
itive antibodies to parietal cells. These findings support
the systemic nature of the autoimmune process, which
extends beyond the thyroid gland and may potentially re-
sult in multiorgan involvement, including disruption of
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endometrial structure. Overall, the detection rate of sub-
clinical hypothyroidism was slightly higher (13.3%) than
that of clinical hypothyroidism (10%), reinforcing the
importance of screening for thyroid function even in the
absence of overt symptoms. Most patients with subclini-
cal hypothyroidism had elevated thyroid-stimulating hor-
mone (TSH) levels with normal free T4 levels; however,
even at this stage, they already presented with menstru-
al irregularities, increased endometrial thickness, and a
heightened risk of hyperplastic processes. A comprehen-
sive evaluation of the effectiveness of an interdisciplinary
approach to managing patients with endometrial pathol-
ogy and concurrent thyroid dysfunction was undertaken.
It was found that, when an endocrinologist participat-
ed in correcting thyroid status, positive outcomes were
achieved in 10 out of 13 such cases (76.9%), both in terms
of reproductive function (normalisation of the menstrual
cycle, onset of ovulation) and in the morphological con-
dition of the endometrium (reduction in hyperplasia, re-
gression of polyps). A.S. Vishen et al. [24] also determined
that seasonal changes affect the histochemical properties
of the thyroid gland. Specifically, during winter, the gland
demonstrates increased functional activity, possibly as
an adaptive response to decreased ambient temperature.
I. Domuschiev [25], in studying the impact of global warm-
ing on the thyroid gland, found that elevated ambient tem-
peratures may lead to hormonal imbalance, increasing the
risk of thyroid disease. Climate change may also affect the
availability of iodine in food, which is crucial for thyroid
hormone synthesis.

Another significant area of investigation was the im-
pact of body weight and body mass index (BMI) on the
functional state of the thyroid gland and the nature of
endometrial pathology. Among the 30 patients, 16 wom-
en (53.3%) were overweight or obese (BMI >25 kg/m?), of
whom 11 (68.8%) exhibited signs of thyroid dysfunction,
primarily subclinical or overt hypothyroidism. Conversely,
among women with normal body weight (14 individuals),
thyroid dysfunction was detected in only 4 cases (28.6%).
This disparity indicates a strong association between met-
abolic disorders and thyroid function. Overweight patients
also more frequently exhibited hyperplastic changes in
the endometrium — 75% of cases (12 out of 16) — includ-
ing both simple and atypical hyperplasia. This underscores
that excess body weight may act not only as an independ-
ent risk factor for endometrial hyperplasia but also as an
amplifying factor in the adverse effects of thyroid dysfunc-
tion on hormonal homeostasis. An analysis of the study by
S.B. Kaur et al. [26] confirmed that the group with elevated
BMI had a greater mean endometrial thickness and a high-
er incidence of atypical endometrial hyperplasia. Notably,
the frequency of atypical endometrial hyperplasia was sig-
nificantly higher among women with increased BMI.

It is important to note that among all the examined
women, 10 cases (33.3%) exhibited anovulatory or irregu-
lar menstrual cycles, and thyroid pathology was detected
in 8 of these cases. In three women, the menstrual cycle
exceeded 45 days, indicating a marked disruption of ovu-
lation. Following correction of thyroid-stimulating hor-
mone (TSH) levels and normalisation of T4 and T3 con-
centrations over a period of 3-6 months, normalisation of
the menstrual cycle was achieved. In two cases, pregnancy

occurred within one year following comprehensive treat-
ment, further supporting the role of thyroid dysfunction in
fertility disorders. H.I. Aliu-Ayo et al. [27] similarly found
that menstrual disorders, such as oligomenorrhoea and
amenorrhoea, were more prevalent among infertile women
with thyroid dysfunction. A significant correlation was also
observed between thyroid hormone levels and different
types of menstrual cycles.

To assess the emotional state of the patients, a sur-
vey was conducted. In 12 women (40%), mild or moderate
depressive syndrome was recorded, of whom nine exhibit-
ed signs of hypothyroidism. This finding corroborates the
well-documented clinical association between thyroid in-
sufficiency and depressive states. It also highlights the ne-
cessity of considering the psycho-emotional component in
the management of such patients, particularly when plan-
ning hormone therapy. Among the 30 patients, only three
women (10%) presented a normal histological picture of
the endometrium despite clinical evidence of thyroid dys-
function. In these instances, it may be assumed that thy-
roid pathology had not yet progressed sufficiently to induce
morphological changes, or that compensatory mechanisms
had temporarily offset its effects. I.I. Rodrigues da Cunha et
al. [28] demonstrated that even minor alterations in thy-
roid hormone levels can influence brain function and con-
tribute to the development of depression. Specifically, thy-
roid dysfunction may result in reduced levels of serotonin
and noradrenaline in the central nervous system, both of
which are characteristic of depressive states. This finding
further underscores the importance of early diagnosis and
intervention, even in the presence of minimal symptoms.
Similar conclusions were drawn in the studies by K. Gokce
& D. Dogan [29] and ]. Fedorko et al. [30].

The results of ultrasound examination of the thyroid
gland were also included in the analysis. Diffuse changes
characteristic of thyroiditis was identified in 14 women
(46.7%), including hypoechogenicity, structural heteroge-
neity, and increased vascularisation. Of these, 11 women
had positive titres of antibodies to thyroid peroxidase, con-
firming the autoimmune nature of the thyroid pathology.
Thyroid nodules were detected in five patients (16.7%),
although only two of these were associated with hormo-
nal activity. No cases of malignant lesions were identified.
While this suggests a relatively low oncological risk within
the sample, it highlights the importance of regular ultra-
sound monitoring in women presenting with both hyper-
plastic changes in the endometrium and nodular altera-
tions in the thyroid gland. In summary, the study results
confirmed not only the statistical, but also the clinical
significance of thyroid dysfunction in patients with endo-
metrial pathology. Particular attention should be given to
women with hypothyroidism, positive autoimmune mark-
ers, excess body weight, and irregular menstrual cycles.
These factors significantly increase the risk of developing
proliferative changes in the endometrium and, in some
instances, may contribute to the development of atypical
forms of hyperplasia.

The ultrasound findings, when considered alongside
laboratory indicators, enabled a more comprehensive char-
acterisation of the structural and functional state of the
thyroid gland in women with endometrial pathology. The
observed diffuse changes, nodular formations, and signs of
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autoimmune processes confirm the close interrelationship
between the endocrine and reproductive systems. This di-
agnostic approach facilitates not only the timely identifi-
cation of co-existing pathologies but also the development
of individualised monitoring and treatment plans. Such an
approach is particularly crucial for the prevention of hyper-
plastic and atypical changes in the endometrium. Thus, the
findings of the study provide a foundation for the formu-
lation of practical recommendations and evidence-based
conclusions.

CONCLUSIONS

The study revealed a significant association between thy-
roid pathology and endometrial changes in patients with
various forms of endometrial disease. Among the 30 pa-
tients included in the study, 60% were found to have thy-
roid dysfunction. Specifically, overt hypothyroidism was
present in 10% of cases, subclinical hypothyroidism in
13.3%, and elevated levels of antibodies to thyroid per-
oxidase — indicative of autoimmune thyroid disease — in
36.7%. Simultaneously, 73.3% of patients were diagnosed
with endometrial hyperplasia. Among these, 36.4% had
simple hyperplasia without atypia, 18.2% had complex hy-
perplasia, and 45.5% had atypical hyperplasia, reflecting a
substantial proportion of patients at increased oncological
risk. This distribution of morphological types of hyperpla-
sia is clinically significant for patient assessment and fur-
ther management, particularly in the context of concomi-
tant endocrine disorders.

Special attention should be directed toward over-
weight patients, as thyroid dysfunction was observed in
68.8% of such cases, and endometrial hyperplasia in 75%.
An even higher prevalence of thyroid disorders — 80% — was
noted in patients with anovulatory cycles. The correction
of thyroid status was shown to have a beneficial effect on
menstrual cycle regulation and the restoration of ovula-
tion in some patients. In several instances, treatment led
to normalisation of endometrial thickness and improved
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AHoTauif. MeTo IIbOr0 JOC/TIIKEHHSI OYJI0 BMBYEHHSI (PYHKIIOHAJbHOTO CTAHy INMTOBMIHOI 3a/I03U Y SKiHOK i3
rinepruiacTUYHUMU TIpollecaMy eHIOMeTpilo, 3 OMISAY Ha 3pOocTaiouuii iHTepec A0 poii TUpeoinHoi aucyHKuii
B eTiomaToreHesi mpomidepaTMBHUX 3MiH CI1M30BOi 0GOJOHKM MaTKU. Y HOCTiIKeHHsS 6yn0 BKIOUeHO 30 KiHOK
Mi3HPOTO PEMpOAYKTMBHOIO Ta IepUMeHOIay3aJlbHOro BiKy, a came 14-50 pokiB, y SIKMX [iarHOCTOBAHO pi3Hi
dbopmu rineprutacTuuHoi maTosiorii eHmomeTpio, Ha 6a3i 3amopi3pbKoi MeaMuHOI akamemii MicAIAUIIOMHOI OCBiTH
MiHicTepcTBa OXOPOHM 300POB's YKpaiHu. MeTomoIoris JOCTiIKeHHS Iepeabayasa KiIiHiko-1abopaTopHe 06CTeskKeHHS
MallieHTOK, BK/IIOUAIOUM yJAbTPa3BYKOBY IiarHOCTUKY OpPraHiB MaJIOro Tasa, TiCTOJOTiuHe MOCTigkKeHHS eHA0MeTpilo,
a TAKOX BM3HAUeHHSI PiBHIB TMPEOTPOMHOTO TOPMOHY, BiTbHMUX GPaKLiii TUPOKCUHY i TPUIIOATUPOHIHY, aHTUTIN A0
TUpeoifHoi nepokcupasu. OCHOBHI pe3ynbTaTy JOCTiI)KeHHS T0Ka3asau, 0 XXiHKM i3 rifnepruiasi€io eHaoMeTpilo Maainu
CYIYTHIi MopymeHHsT GYHKIIT MMTOBMUIHOI 3aI03U, Cepef SIKUX CIIOCTepiraBcsl CyOKIiHiuHMI ab0 SBHMIA rimoTupeos.
BusiBieHO 3pOCTaHHS PiBHSI TUPEOTPOITHOTO TopMoOHY (3,8 £ 1,2 MMO/1) y mallieHTOK 3 Tirepruiasi€io eHaoMeTpio
MOPiBHSHO 3 KOHTPOJBHOK TPYIIOI0, a TAKOX 36i/JbIIeHHST KOHIIEHTpaIlil aHTUTII 0 TUpeoigHOoi mepoKkcuaasu, mo
CBiIUMTDH TIPO aBTOIMYyHHMII XapaKTep IOpYyIIeHb. AHaJli3 OTPMMaHUX NAHUX OO3BOJVB BUSIBUTU B3a€EMO3B’SI30K
MDX BupaskeHIiCTIO TupeoinHoi aucdyHKIii Ta MopdonorivHMM BapiaHTOM TiMepIiIacTMYHUX 3MiH eHIOMeTpilo: y
SKIHOK 3 aTMIIOBOIO Tilepriias3i€io AiarHOCTYBalM KIiHIYHO 3HAuMMi MOpyiieHHsT GYHKI MUTOMOAiOHOI 3a103M.
OTpuMaHi pe3y/ibTaTy CBigyaTh PO IOLIJIbHICTh PYTMHHOTO CKPUHIHTY TUpeoigHoi GyHKIii y KiHOK 3 rimepruiasiero
€HJIOMETDIilo I BUSIBJIEHHS TPUXOBaHMX GOPM TUPeOinHOi maTosorii, ika Moske 6yTH K GOHOBUM, TaK i TpUrepPHUM
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Abstract. The aim of the study was to assess the effectiveness of computer-based methods for interpreting abdominal
radiographs in clinical diagnostics. The methodology included a prospective analysis conducted from April 2023 to
February 2024 in Kharkiv, Ukraine, involving 312 patients aged 18-75 years with suspected acute abdominal conditions
and a control group of 50 patients who underwent abdominal overview radiography due to suspected urological pathology,
but in whom neither urological nor abdominal pathology was detected. Image interpretation was performed manually
by two radiologists and automatically using two artificial intelligence systems. The results showed that automated
interpretation provided slightly higher average sharpness scores (4.7+0.3 vs 4.6+0.4) and contrast (4.6 0.4 vs 4.5%0.5)
compared to manual evaluation, as well as fewer artefacts (4.5%0.5 vs 4.2%0.6). The Aidoc system outperformed Zebra
Medical Vision in terms of sensitivity (93.6% vs 89.1%), specificity (95.4% vs 94.7%), positive predictive value (91.8%
vs 88.2%), and negative predictive value (96.7% vs 92.5%). The area under the receiver operating characteristic curve
for Aidoc was 0.972, compared to 0.951 for Zebra Medical Vision. Kappa coefficients indicated higher consistency of
Aidoc with expert assessments in diagnosing bowel obstruction (x=0.92 vs 0.88) and pneumoperitoneum (x =0.91 vs
0.85). The average interpretation time per image significantly decreased with Aidoc (1.4 + 0.3 minutes) compared to
manual analysis (6.8 # 1.2 minutes) and Zebra Medical Vision (1.9 + 0.4 minutes). The study demonstrated that the use
of artificial intelligence significantly improved the speed, accuracy, and reliability of abdominal radiograph analysis,
optimising clinical decision-making in emergency situations. The practical significance of the study lay in the potential
to substantially reduce diagnostic time, increase the accuracy of detecting critical pathologies, and optimise healthcare
facility resources in providing emergency care

Keywords: abdominal emergencies; abdominal radiograph; visualisation quality; artificial intelligence; automated
analysis; prognostic value

INTRODUCTION

Successful diagnosis of acute abdominal conditions re-
mained one of the key challenges in modern medicine due
to the high frequency of complications, significant mortal-
ity rates, and the need for rapid clinical decision-making.
Abdominal radiography traditionally played an important
role in detecting such pathologies as bowel obstruction,
hollow organ perforations, pneumoperitoneum, and other
critical conditions. However, the subjective nature of im-
age interpretation, dependence on physician experience,
and limited human resources often led to diagnostic er-
rors or delays in diagnosis. These circumstances reduced

Suggested Citation:

the effectiveness of medical care and could worsen patient
outcomes. Consequently, there arose an urgent need to
improve radiograph analysis methods by integrating com-
puter technologies, particularly artificial intelligence al-
gorithms, which demonstrated promise in improving the
accuracy, speed, and standardisation of interpretation — es-
pecially important in emergency departments.

The issue remained that routine radiography often
failed to provide an adequate level of accuracy in detect-
ing certain abdominal pathologies, which was particularly
critical in acute cases. O. Grechanyk et al. [1] emphasised
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that traditional radiograph evaluation methods were prone
to high variability of results among different specialists.
This was due to both differences in clinical experience and
individual perception of images, significantly reducing di-
agnostic reliability and potentially leading to clinically sig-
nificant errors. The complexity of differential diagnosis of
acute abdominal conditions based on radiography was the
subject of research described by H. Stepanova & O. Lupy-
na [2]. The results showed that even experienced radiol-
ogists often encountered difficulties in visualising minor
pathological changes, such as early signs of perforation
(minimal free air or fluid in the abdominal cavity) or sub-
clinical signs of bowel obstruction. This led to unwarranted
delays in diagnosis and the need for additional investiga-
tions, prolonging the initiation of treatment.

Equally important was the issue of excessive workload
on radiologists, which reduced the quality of image eval-
uation, especially under high patient flow. N. Nehria et
al. [3] drew attention to the fact that the high pace of work
in emergency departments contributed to an increase in
false-negative results. By overinterpreting obvious find-
ings and becoming fatigued from repeated image analysis,
radiologists might miss critical pathologies, directly affect-
ing the patient’s condition. The high frequency of artefacts
on film-based radiographs, which hindered accurate inter-
pretation, was the focus of a study conducted by E. Reis et
al. [4]. It was found that factors related to technical aspects
of imaging (incorrect tube positioning, exposure errors)
and patient positioning (upright, supine, lateral, motion,
breath-holding) often resulted in poor-quality images. This
required repeat examinations, delayed the clinical process,
and increased radiation exposure for patients.

The issue of standardising abdominal radiograph inter-
pretation was thoroughly analysed by A. Elek et al. [5]. The
authors noted that existing methods were insufficiently for-
malised, hindering the implementation of unified clinical
protocols and complicating staff training. The absence of
standardised interpretation criteria reduced interpersonal
consistency of results and made it difficult to compare data
across clinical centres. The unsatisfactory sensitivity of ra-
diography in detecting certain critical pathologies, such as
early manifestations of pneumoperitoneum or subclinical
perforations, was studied by J. Sato et al. [6]. The results
confirmed that traditional interpretation often showed low
detection rates for these conditions. Due to limitations
in the decisiveness of clinical conclusions, this could de-
lay surgical intervention and worsen patient prognosis.

The analysis of temporal characteristics in abdomi-
nal radiograph interpretation was the subject of research
by Z. Liu et al. [7]. It showed that a significant portion of
time was spent on the initial visual analysis of images,
particularly under heavy medical workload. This reduced
the speed of clinical decision-making, which was critical
in emergencies where every minute could determine the
patient’s survival. Finally, the issue of integrating artificial
intelligence systems into clinical radiology practice was
addressed by L. Blankemeier et al. [8]. The study demon-
strated that although automated systems showed high ac-
curacy, the adoption was hindered by distrust from both
clinicians and radiologists, a lack of sufficiently represent-
ative clinical studies, and the absence of proper regulatory
frameworks.

Considering the numerous unresolved challenges in
the interpretation of abdominal radiographs - including
issues of standardisation, limited sensitivity, and substan-
tial time demands on professionals — the logical continu-
ation of scientific inquiry was to explore the potential of
new technological approaches in clinical practice. Based
on this, the present study aimed to compare the results
of automated and manual interpretation of abdominal
radiographs in terms of accuracy, speed, and consistency
of findings. The study objectives included comparing the
accuracy, speed, and consistency of automated interpreta-
tion results with traditional “manual” assessment, as well
as analysing the specific features of different artificial in-
telligence systems for optimising clinical decision-making
in emergency conditions.

MATERIALS AND METHODS

The study was conducted from April 2023 to February 2024
at the Municipal Non-Commercial Enterprise “City Clini-
cal Hospital No. 8” of the Kharkiv City Council. At the in-
itial stage, pilot testing was carried out on a sample of 30
patients aged 21 to 68 who presented with complaints re-
quiring abdominal radiography, including but not limited
to suspected acute abdominal conditions. The aim of the
pilot phase was to standardise the technical parameters of
computer image processing and to evaluate the reproduc-
ibility of radiographic results under different patient posi-
tions and exposure settings. No restrictions were applied
to the pilot sample in terms of sex, clinical diagnosis or
pathology type; however, individuals with pronounced an-
atomical deformities, implants, or pregnancy (which could
distort images) were excluded, as well as those who refused
to participate. Calibration of the Siemens Ysio Max digi-
tal radiography system (Germany) included verification of
automation for quick and safe system positioning, stand-
ardisation of high image quality using chain imaging tech-
nology, accuracy of radiation parameters, dose control, and
more. The main abdominal radiographic examination was
performed in standing, supine, and left lateral positions
with a focus distance of 120 ¢cm, energy of 70-90 kV, and
exposure time of 10-16 ms.

The study involved patients aged 18 to 75 who under-
went abdominal radiography on suspicion of acute abdom-
inal conditions. Exclusion criteria included pregnancy, sig-
nificant abdominal wall deformities, the presence of metal
implants, and clinical contraindications for radiography.
The total sample comprised 312 patients (168 men and 144
women) with a mean age of 47 years. An additional con-
trol group of 50 patients was formed, who underwent ab-
dominal overview radiography due to suspected urological
pathology, but neither abdominal nor urological patholo-
gy was detected. These patients were aged 20 to 65 years
(28 men and 22 women). Exclusion criteria for the control
group included any gastrointestinal complaints, identified
anomalies during preliminary clinical examination, preg-
nancy, and refusal to participate. All participants provided
written informed consent to take part in the study. Reports
of the study were prepared with full regard for participant
confidentiality, in compliance with the Declaration of Hel-
sinki of the World Medical Association [9].

Data analysis was conducted using RadiAnt Digital
Imaging and Communications in Medicine Viewer 2023.1
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software (Poland) and the Aidoc artificial intelligence sys-
tem (Israel), integrated into the hospital’s clinical infor-
mation system. Parallel image processing was carried out
using the alternative artificial intelligence system Zebra
Medical Vision (Israel) for result verification. Each image
was initially analysed by two independent radiologists
with over 5 years of experience, after which the automated
analysis results were compared with clinical conclusions.
Interpretation included the detection of signs of bowel ob-
struction, pneumoperitoneum, pathological gas formation,
and free fluid. Visualisation quality was assessed according
to three criteria: sharpness, contrast, and presence of ar-
tefacts, on a five-point scale, where 5 corresponded to ex-
cellent quality and 1 to unsatisfactory quality. Diagnostic
effectiveness was determined based on calculations of sen-
sitivity, specificity, positive predictive value, and negative
predictive value. To assess consistency between manual
and automated interpretation results, the Kappa concord-
ance coefficient (k) was calculated and Pearson’s paired
correlation analysis was performed.

Radiation exposure was assessed by calculating the
average effective radiation dose using PCXMC 2.0 soft-
ware (Finland), the results of which were used to justify
the feasibility of applying the method in clinical practice.
Interpretation time was analysed by determining the av-
erage time to assess one image manually and using the
artificial intelligence system, allowing comparison of the

effectiveness of the approaches. Statistical analysis was
conducted using IBM SPSS Statistics v.29 (USA). Compar-
ison of the mean values of manual and automated inter-
pretation times, as well as average image quality scores
between groups, was performed using the two-tailed Stu-
dent’s t-test. Consistency between the assessments of the
two independent radiologists and the computer interpre-
tation results was determined using the Kappa concord-
ance coefficient (x). Diagnostic accuracy of the method
was evaluated by constructing receiver operating charac-
teristic (ROC) curves, based on which the area under the
curve (AUC) was calculated for sensitivity and specificity
indicators. Statistical significance of all analyses was set
at p<0.05.

RESULTS

As a result of the comparative assessment of the quality
of abdominal radiographs based on three key parame-
ters — sharpness, contrast, and presence of artefacts — it
was established that both traditional “manual” interpre-
tation and automated processing using the Aidoc artificial
intelligence system demonstrated high visualisation scores
(where 5 points corresponded to excellent quality and 1
point to unsatisfactory quality). At the same time, artefacts
were more frequently noted during manual analysis, indi-
cating the advantages of preliminary automatic correction
in artificial intelligence algorithms (Table 1).

Table 1. Assessment of the quality of radiograph visualisation (mean scores, M = SD)

Parameter Manual evaluation Automated assessment (Aidoc)
Sharpness 4.6+0.4 4.7%£0.3

Contrast 4.5%0.5 4.6%0.4

Artifacts 4.2%0.6 4.5+0.5

Source: developed by the author

The assessment of the quality of abdominal radio-
graphs showed high results in both groups of analysis: dur-
ing traditional “manual” interpretation and with computer
processing using the Aidoc artificial intelligence system.
The average sharpness score for manual evaluation was
4.6 £0.4, while for automated analysis it was 4.7 +0.3. The
difference between the groups was slight; however, the
trend towards increased sharpness with the use of artifi-
cial intelligence remained stable across all patient sub-
groups. In particular, automated algorithms enabled bet-
ter highlighting of fine structures, such as the contours of
gas-fluid levels in the intestines or minimal accumulations
of free gas under the diaphragm dome, which is critical-
ly important for diagnosing acute abdominal conditions.
Contrast also demonstrated improvement with automated
processing: the average value was 4.5 0.5 in the “manu-
al” assessment group and 4.6 *0.4 in the automated group.
This result indicates Aidoc’s ability to optimise the image’s
dynamic range, reducing the effect of tissue density heter-
ogeneity and overlay artefacts. In a clinical context, higher
contrast significantly facilitates the detection of free fluid,
differentiation between homogeneous and heterogeneous
areas of gas formation, and the assessment of the condition
of serous membranes.

Artefact evaluation became the key parameter show-
ing the most noticeable advantage of the automated ap-
proach. In the “manual” analysis, the average score was

4.2 £ 0.6, reflecting frequent registration of detrimental
defects, whereas the automated system achieved 4.5+0.5.
The main types of artefacts included shadows from for-
eign objects, detector defects, motion artefacts, and noise
zones arising from insufficient exposure. The Aidoc system
proved capable of automatically correcting most of these
artefacts, minimising the risk of diagnostic errors, par-
ticularly under time-constrained clinical decision-mak-
ing conditions. The Kappa concordance coefficient (k) for
sharpness assessment between radiologists was 0.89, for
contrast — 0.86, and for artefacts — 0.78. This indicates a
high level of agreement among expert assessments, with
minimal variation related to the subjective perception of
defects. Unlike humans, the computer system demonstrat-
ed complete consistency in detecting technical shortcom-
ings, significantly increasing the reliability of the diagnos-
tic process under real clinical workload.

In the control group, image quality assessments re-
mained consistently high: sharpness — 4.7 #0.3, contrast —
4.6 £0.4, artefacts — 4.5 +0.5. This confirms that the sys-
tem’s effectiveness did not depend on the clinical status of
the patient or the presence of pathology, which is impor-
tant for the universality of the method. On a technical lev-
el, the results can be explained by the use of advanced dig-
ital image processing technologies, such as wavelet-based
noise reduction algorithms, local contrast normalisation
functions, and motion artefact compensation methods
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based on image registration models. Aidoc also uses deep
learning methods for automatic background defect recog-
nition, which improves both the detection of minor patho-
logical changes and the overall final image quality. Thus,
the results clearly indicate that the use of artificial intelli-
gence for processing abdominal radiographs ensures high
visualisation quality, stable evaluation, and minimisation
of diagnostic error risks. This significantly increases the
effectiveness of the clinical process by reducing interpre-
tation time, easing radiologist workload, and optimising
diagnostic decisions in cases of emergency pathology.

A comparative analysis of diagnostic effectiveness of
the Aidoc and Zebra Medical Vision systems was carried

out based on the main indicators: sensitivity, specifici-
ty, positive predictive value, and negative predictive val-
ue. According to the results obtained, the Aidoc system
demonstrated higher sensitivity in detecting signs of acute
abdominal conditions, in particular bowel obstruction and
pneumoperitoneum. At the same time, the specificity of
both systems remained at a high level, ensuring the relia-
ble exclusion of pathology in the absence of visible chang-
es. The positive and negative predictive values for Aidoc
also exceeded the corresponding results for Zebra Medical
Vision, indicating a better ability of the model to correct-
ly classify both the presence and absence of pathological
changes (Table 2).

Table 2. Diagnostic efficiency indicators of Aidoc and Zebra Medical Vision systems

Indicator Aidoc (%) Zebra Medical Vision (%)
Sensitivity 93.6 89.1
Specificity 95.4 94.7

Positive predictive value 91.8 88.2

Negative predictive value 96.7 92.5

Source: developed by the author

The analysis of diagnostic effectiveness indicators of
the Aidoc and Zebra Medical Vision systems in the context
of interpreting abdominal radiographs showed high results
for both systems, with Aidoc having an advantage in all key
criteria. AidoC’s sensitivity was 93.6%, ensuring detection
of almost all cases of acute abdominal conditions, includ-
ing early stages of bowel obstruction, pneumoperitoneum,
and significant pathological gas formation. The higher
sensitivity compared to Zebra Medical Vision (89.1%) had
important clinical significance, as in acute abdominal pa-
thology even a small percentage of missed cases may lead
to serious complications or fatal outcomes. The high sen-
sitivity of the Aidoc system reduced the risk of false-neg-
ative results, which is particularly important in emergency
medicine settings with limited time for decision-making.

Specificity was also higher in Aidoc (95.4%) compared
to Zebra Medical Vision (94.7%), indicating the system’s
ability to reduce the number of false-positive results. High
specificity is crucial for decreasing the frequency of un-
necessary hospitalisations, additional tests, and invasive
procedures, which may be undesirable for both the pa-
tient and the healthcare system. In particular, during the
analysis of radiographs of healthy volunteers, Aidoc was
less likely to generate false-positive alerts about poten-
tial free fluid or subdiaphragmatic gas. Positive predictive
value for Aidoc reached 91.8%, whereas for Zebra Medical
Vision it was 88.2%. This means that the likelihood of a
true pathology being present in the event of a positive re-
sult was higher when using Aidoc. In clinical practice, a
high positive predictive value allows the physician to rely
more confidently on the results of automated interpreta-
tion when deciding on further treatment tactics — for ex-
ample, the need for emergency laparotomy in the presence
of signs of hollow organ perforation.

AidocC’s negative predictive value was extremely high —
96.7%, guaranteeing almost complete confidence in the ab-
sence of pathology with a negative result. For Zebra Med-
ical Vision, this indicator was 92.5%, which is also a good
result; however, the difference of more than 4% can be
practically significant in high patient flow environments,

where each missed case is critical. Aidoc’s high negative
predictive value allows for effective screening of patients
with atypical symptoms, filtering out those who did not re-
quire immediate surgical intervention. A detailed analysis
of error types showed that Aidoc had fewer false-negative
results for small gas accumulations in the abdominal cavi-
ty, while Zebra Medical Vision more frequently missed thin
layers of free gas under the diaphragm. This is due to the
use of deep learning technologies in Aidoc with multi-level
object segmentation, which increased sensitivity to small
and low-contrast pathological changes.

The area under the ROC curve was also higher for Ai-
doc (0.972 compared to 0.951), indicating an overall high-
er model accuracy regardless of classification thresholds.
This further highlighted the effectiveness of Aidoc’s algo-
rithms in adapting to various abdominal pathology sce-
narios. In the clinical context, Aidoc’s higher sensitivity
and specificity are decisive for early diagnosis of critical
conditions, minimising diagnostic errors, and optimising
patient hospital pathways. This is especially important
for emergency hospitals, where the time for making diag-
nostic decisions has a direct impact on prognosis and pa-
tient survival. Thus, the comparative analysis showed that
the Aidoc system provides higher diagnostic accuracy for
acute abdominal pathologies compared to Zebra Medical
Vision, justifying its preferential use in clinical practice
focused on emergency care.

To assess the consistency of automated interpretation
results of abdominal radiographs, the Kappa concordance
coefficient (k) was calculated. The comparison was made
between assessments by two independent radiologists, and
the automated interpretation results of the Aidoc and Ze-
bra Medical Vision systems. The obtained data indicated a
high degree of agreement for both systems; however, the
Aidoc system showed higher Kappa values in evaluating
the presence of bowel obstruction, pneumoperitoneum,
and pathological gas formation. Specifically, the Kappa co-
efficient for Aidoc was 0.91, which corresponded to a level
of “almost perfect” agreement, while for Zebra Medical Vi-
sion this indicator was slightly lower — 0.86 (Table 3).
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Table 3. Kappa coefficients (k) for agreement between interpretation methods

Pathology Aidoc Zebra Medical Vision
Intestinal obstruction 0.92 0.88
Pneumoperitoneum 0.91 0.85
Pathological gas formation 0.86
Free liquid 0.89 0.83

Source: developed by the author

The comparison of the consistency of results from
automated analysis by the artificial intelligence systems
Aidoc and Zebra Medical Vision revealed important char-
acteristics regarding the quality of diagnostic conclusions.
Kappa coefficients demonstrated high values in both
groups; however, the Aidoc system consistently showed
higher results, indicating a better alignment of its conclu-
sions with clinical reality. For the detection of bowel ob-
struction, the Kappa coefficient for Aidoc was 0.92. Such
a high level is critically important, as obstruction requires
urgent treatment and is often diagnosed based on visual-
isation of classical signs — fluid and gas levels. In contrast,
Zebra Medical Vision showed a lower Kappa coefficient
(0.88), which, although still within the range of “excellent”
agreement, indicates a higher risk of missing or misinter-
preting minimal signs.

In the detection of pneumoperitoneum, the Aidoc sys-
tem achieved a Kappa coefficient of 0.91 compared to 0.85
for Zebra Medical Vision. This is particularly important due
to the severe clinical danger posed by pneumoperitoneum,
which indicates perforation of a digestive tract organ. Even
minimal amounts of gas under the diaphragm dome may
be the only early sign of a serious condition. The higher
consistency of Aidoc results ensured greater reliability in
the automated detection of this critical pathology. When
analysing pathological gas formation, the Kappa coeffi-
cient was 0.9 for Aidoc and 0.86 for Zebra Medical Vision.
Pathological gas formation can indicate severe infectious
processes or intestinal ischaemia, so even a slight differ-
ence in consistency has a significant impact on clinical tac-
tics. The Aidoc system demonstrated a higher capacity to
consistently identify changes in gas volume and distribu-
tion, even in atypical clinical presentations.

In the assessment of free fluid, Kappa coefficients were
0.89 for Aidoc and 0.83 for Zebra Medical Vision. The de-
tection of free fluid is a more complex task due to the low
contrast between the fluid and surrounding soft tissues
in standard radiographs. The higher consistency of Aidoc

results is attributed to the implementation of algorithms
focused on multiparametric analysis of fine density gradi-
ents. A detailed analysis of discrepancy cases showed that
most inconsistencies in Zebra Medical Vision occurred in
complex or marginal clinical situations — such as small vol-
umes of free fluid or subclinical pneumoperitoneum. This
suggests that Aidoc’s algorithms were better adapted and
trained on more diverse pathology patterns.

The clinical importance of high consistency lies in en-
suring reliable diagnostic conclusions without the need for
repeat verification of radiographs by multiple physicians,
which is particularly vital in emergency and intensive
care units. Using a system with a consistently high Kap-
pa coefficient allows for faster patient routing, avoidance
of treatment delays, and reduced costs for additional ex-
aminations. It is also worth noting that consistently high
agreement coefficients for Aidoc were observed regard-
less of the patient’s age group, confirming its applicability
across broad demographic populations, including older in-
dividuals with common comorbidities. Thus, the conducted
study unequivocally confirms the higher clinical reliability
and consistency of automated radiographic interpretation
results using the Aidoc system compared to Zebra Medical
Vision, making it the preferred choice for implementation
in the diagnostics of acute abdominal conditions.

The comparison of the average time spent interpreting
a single radiographic image of abdominal organs revealed
significant differences between “manual” analysis and au-
tomated interpretation by artificial intelligence systems.
According to the study, “manual” assessment conducted
by two experienced radiologists took an average of 6.8+1.2
minutes per image. In contrast, the use of the Aidoc auto-
mated system reduced this time to 1.4*0.3 minutes, while
for Zebra Medical Vision the average analysis time was
1.9+0.4 minutes. Therefore, the implementation of artifi-
cial intelligence in the medical imaging process enabled a
reduction in interpretation time by 3.5 to 5 times compared
to the traditional approach (Table 4).

Table 4. Average interpretation time of one radiographic image

Method Average time (minutes) Standard deviation (¥SD)
Manual interpretation 6.8 +1.2
Automated interpretation (Aidoc) 1.4 +0.3
Automated interpretation (Zebra Medical Vision) 1.9 +0.4

Source: developed by the author

The comparative analysis of the time spent on inter-
preting a single radiographic image of abdominal organs
demonstrated a significant advantage of automated anal-
ysis over traditional “manual” interpretation. The average
time for manual assessment amounted to 6.8+ 1.2 minutes,
which is a typical figure for a thorough review of abdomi-
nal radiographs, considering the need to examine multiple
anatomical levels, identify hidden changes, and evaluate

several critical indicators. At the same time, radiologists
encountered a high cognitive load, as images could con-
tain artefacts, contrast heterogeneity, as well as a variety
of normal and pathological variations, which complicated
interpretation. The use of the automated Aidoc system re-
duced the average interpretation time to 1.4 #0.3 minutes.
This considerable reduction was due to the system’s ability
to independently detect and mark suspicious areas on the
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images, reducing the need for complete manual analysis of
each scan. Thanks to deep learning algorithms and prelim-
inary data processing, Aidoc allowed medical specialists to
focus only on reviewing the relevant areas and verifying
the proposed diagnosis. This minimised cognitive load, re-
duced the risk of staff fatigue, and accelerated the clinical
decision-making process.

Another system — Zebra Medical Vision — also demon-
strated a significant reduction in interpretation time to
1.9£0.4 minutes. Nevertheless, its indicators were slightly
inferior to Aidoc, which may be explained by the specific
features of its internal pathology detection algorithms.
Analysis of the systems’ internal logs showed that Aidoc
identified high-risk areas more quickly due to deeper opti-
misation of classification models and image ranking. Spe-
cial attention should be paid to the impact of reduced in-
terpretation time on clinical practice. In a cluster hospital
where numerous radiographic examinations are performed
daily, even a few minutes’ reduction per image results in
saving dozens of man-hours per day. This not only enables
quicker service for new patients but also frees up physi-
cians’ resources for handling more complex cases or pro-
viding peer consultations.

The study also showed that shortening image assess-
ment time directly affects the quality of medical care in
emergency departments. Patients suspected of having an
acute abdomen require rapid diagnostics to determine the
need for surgical intervention or intensive care. The use
of the Aidoc system makes it possible to ensure a clinical
decision within the first few minutes after the patient’s ad-
mission, significantly improving prognosis and reducing
the risk of complications. Moreover, the use of automated
analysis reduces the risk of human error, which may occur
due to fatigue or physician overload. The study revealed
that when processing more than 20 images in a row with-
out the assistance of artificial intelligence, the quality of
manual interpretation decreased by 8-12%, whereas when
using Aidoc, this figure remained stable. In conclusion, the
interpretation time analysis demonstrated that artificial
intelligence-based automated systems, especially Aidoc,
not only speed up the processing of medical images but
also enhance physicians’ performance stability, optimise
clinical workflows, and improve treatment outcomes for
patients with acute abdominal conditions.

DISCUSSION

The conducted study made it possible to establish that the
quality of radiographic images of abdominal organs during
automated processing by the Aidoc artificial intelligence
system was consistently high according to such criteria as
sharpness, contrast, and minimisation of artefacts. These
results are consistent with the conclusions of P. Pick-
hardt et al. [10] and K. Means et al. [11], who also reported
improvements in image characteristics when using deep
learning algorithms and comprehensive digital process-
ing. Improved sharpness and contrast without significant
increase in noise levels contribute to better visualisation
of fine anatomical structures, which confirms the clinical
feasibility of introducing automated technologies into the
diagnostics of acute abdominal conditions.

The reduction in artefacts on images when using Ai-
doc indicates the high efficiency of data preprocessing

by means of machine learning algorithms. Similar results
were obtained by S. Naik et al. [12], who noted the abili-
ty of modern artificial intelligence systems to minimise
both small-scale noise defects and large motion artefacts.
At the same time, W. Li et al. [13] expressed doubts about
the ability of automated systems to effectively identify all
variants of image defects, especially in complex clinical
cases. The present study demonstrated that, thanks to ad-
vanced motion compensation methods and local contrast
normalisation algorithms, the Aidoc system significantly
outperformed manual interpretation in terms of artefact
reduction, providing more consistent results.

Analysis of Kappa concordance coefficients revealed a
high level of agreement between radiologists and automat-
ed interpretation results across all major assessment pa-
rameters. This is consistent with the findings of B. Xavier
& P. Chen [14] and M. Hamghalam et al. [15], who demon-
strated a similar level of agreement when using computer
vision systems for visualising abdominal organs. High in-
terpretation stability is critical in situations with high clin-
ical workloads, where decision-making time is limited and
the risk of human error increases.

It was found that the Aidoc system showed higher av-
erage scores in sharpness, contrast, and minimal artefact
presence compared to the Zebra Medical Vision system.
A similar advantage was described by Z. Kelm et al. [16],
who noted the effectiveness of advanced platforms in
high-complexity clinical scenarios. On the other hand,
D. Glazer et al. [17] emphasised that in many cases the dif-
ference between systems is not clinically significant. How-
ever, the results of the present study demonstrated statisti-
cally significant advantages in favour of Aidoc, which is due
to better adaptability of deep learning algorithms to vari-
ous pathological conditions. Assessment of diagnostic ef-
fectiveness showed higher sensitivity, specificity, positive
and negative predictive values for Aidoc compared to Zebra
Medical Vision. These findings are supported by the studies
of S. Stieger-Vanegas & E. McKenzie [18] and J. Warner et
al. [19], who demonstrated that more accurate artificial in-
telligence models provide more reliable predictive charac-
teristics when screening for acute abdominal pathologies.
At the same time, H. Kaur et al. [20] warned of a possible
excess of false positives in high-sensitivity systems. The
current study disproved such concerns by demonstrating a
high level of specificity, ensuring minimisation of clinical
decision-making errors.

The established advantage of Aidoc in the area un-
der the ROC curve additionally indicates the high overall
accuracy of the model, regardless of the selected classifi-
cation threshold values. Similar conclusions were made
by C. Wolfe et al. [21], who emphasised the importance of
integral evaluation using AUC for comprehensive analysis
of the diagnostic effectiveness of artificial intelligence.
A comparison of radiographic image interpretation time
showed a significant reduction in analysis duration when
using Aidoc compared to traditional manual assessment.
These results are consistent with data from M. Virarkar et
al. [22] and N. Chhabra et al. [23], who noted that auto-
mated systems reduced analysis time by more than half
in emergency care departments. Moreover, faster pro-
cessing contributes to reducing delays in patient routing
and optimising healthcare facility resources. The greatest
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advantage of Aidoc was evident in detecting small patho-
logical changes, particularly subtle accumulations of free
gas under the diaphragm or minimal amounts of free fluid
in the abdominal cavity. This is supported by the findings
of H. Shaish et al. [24] and S. Hattori et al. [25], who noted
that deep learning algorithms significantly improve sen-
sitivity in detecting small, low-contrast objects, which is
critical for early diagnosis of severe conditions.

Despite the overall confirmation of high effectiveness,
some sources indicated limitations in the use of artificial
intelligence systems. In particular, Y. Lee et al. [26] empha-
sised the risks of model malfunction in cases of insufficient
representativeness of training datasets. However, this study
was based on an analysis of a large volume of real clinical
practice data, which ensured high objectivity of the results
obtained and minimised the risk of systematic errors. Con-
sistently high Kappa coefficients in all patient subgroups
additionally confirmed the universality of Aidoc use regard-
less of age or clinical characteristics of the population. Sim-
ilar conclusions were presented by H. Kaur et al. [27], who
emphasised the importance of stable system performance in
multicentre studies involving various types of pathologies.

The results obtained also made it possible to identi-
fy that the use of Aidoc significantly reduces the cognitive
load on radiologists, which is particularly important in
high-intensity work environments where the number of
radiographic examinations is large, and decision-making
time is limited. Reduction of cognitive load is manifested
in decreased fatigue risk, reduced interpretation errors for
complex images, and increased general resilience to stress.
This conclusion is supported by the study of A. Moth et
al. [28], who noted improved efficiency of medical profes-
sionals when using supportive automated tools. Moreover,
automated systems such as Aidoc provide preliminary risk-
based case triage, allowing radiologists to focus more on
the most critical examinations, thereby optimising effort
distribution and reducing the likelihood of missing im-
portant clinical signs. This is especially relevant during
shift work and in emergency care departments, where the
workload is uneven and unpredictable. At the same time,
S.Jain et al. [29] expressed concern about the risk of exces-
sive reliance on artificial intelligence decisions by doctors,
which may lead to the loss of clinical reasoning. However, in
the present study, the results of automated interpretation
were necessarily verified by a specialist, ensuring a balance
between technological support and clinical oversight.

Significant time savings when using Aidoc have impor-
tant economic and organisational implications for health-
care institutions. W. Chen et al. [30] emphasised that op-
timising diagnostic data processing time can significantly
reduce healthcare costs, increase the throughput of medi-
cal institutions, and simultaneously reduce the burden on
staff. In particular, shortening the time required for inter-
preting radiographic studies allows radiologists to serve
more patients without compromising diagnostic quality,
which is critical in conditions of limited human resources.
Furthermore, freeing medical staff from the routine pro-
cessing of large volumes of studies promotes more effective
task redistribution in favour of complex or atypical clinical
cases, positively affecting the overall quality of medical
care. The use of Aidoc also helps avoid additional costs
associated with repeat examinations caused by manual

interpretation errors due to staff fatigue. Thus, the auto-
mation of diagnostic processes has the potential not only to
improve the efficiency of individual clinical units, but also
to optimise financial flows within the healthcare system
as a whole. At the same time, J. Cull et al. [31] emphasised
the need for long-term monitoring of artificial intelligence
performance in the context of changing clinical patterns
and ongoing protocol updates. The results of this study
show that even under conditions of significant variability
in pathological changes, the Aidoc system maintained high
accuracy and consistency of diagnostic conclusions.
Therefore, the results of the conducted study unequiv-
ocally indicate that the use of the Aidoc artificial intelli-
gence system for the analysis of radiographic images of
abdominal organs ensures high visualisation quality, sig-
nificant reduction in interpretation time, increased diag-
nostic accuracy, and decreased error risk. The use of auto-
mated technologies has important clinical, economic, and
organisational benefits, which underlines the feasibility of
the broad implementation in modern medical practice, es-
pecially in emergency and intensive care departments.

CONCLUSIONS

Within the framework of the conducted study, a com-
parative assessment was carried out of the quality of ra-
diographic images of abdominal organs using traditional
manual interpretation and automated analysis with artifi-
cial intelligence systems Aidoc and Zebra Medical Vision.
It was established that automated analysis methods pro-
vided consistently high indicators of sharpness (4.7 £0.3),
contrast (4.6+0.4), and minimisation of artefacts (4.5+0.5)
compared to manual assessment, where the corresponding
values were: sharpness — 4.6 0.4, contrast — 4.5+0.5, ar-
tefacts — 4.2 = 0.6. The quality indicators of visualisation
indicated the ability of the Aidoc system to better high-
light critical anatomical structures, reduce the impact of
artefacts, and provide stable accuracy regardless of the pa-
tient’s pathological condition.

Kappa concordance coefficients (k) for the detection of
key pathologies showed the highest results for Aidoc: bow-
el obstruction - 0.92, pneumoperitoneum - 0.91, patholog-
ical gas formation - 0.9, free fluid - 0.89. For Zebra Medical
Vision, the respective values were 0.88,0.85,0.86, and 0.83,
while for manual interpretation — 0.89, 0.86, 0.78, and 0.82.
This indicated higher consistency of automated analysis re-
sults, especially in complex or marginal clinical situations.
The AUC indicator for Aidoc (0.972) additionally confirmed
its advantage in overall diagnostic accuracy. Quantitative
analysis of the average time of interpretation of a single
image demonstrated a significant reduction when using au-
tomated systems: 1.4+0.3 minutes for Aidoc, 1.9%0.4 min-
utes for Zebra Medical Vision, compared to 6.8+ 1.2 minutes
using the traditional approach. This indicated significant
optimisation of clinical processes, reduced decision-mak-
ing time, and decreased cognitive load on physicians. The
Aidoc system ensured high-quality detection of patholog-
ical changes regardless of the patient’s clinical status and
demographic characteristics, which testified to its univer-
sality and adaptability in various application scenarios.

Practical recommendations involve the implementa-
tion of automated systems, in particular Aidoc, into clinical
practice in emergency medical departments to improve the
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CyyacHi MeTogu KoMN'lOTepPHOI iHTepnpeTauii peHTreHorpadii
OpraHiB YepeBHOI MOPOXXHMHMU: AOCBIA 3aCTOCYBaHHSA Y AiarHocTuui
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AHoTauif. MeTow HOCTiIKEeHHS 6y0 OIiHUTY e(eKTMBHICTh KOMITIOTEPHUX METOAIB iHTepIiperallii peHTreHorpam
OpraHiB yepeBHOI MOPOXHMHY Y KJiHiIUHil AiarHOCTULi. MeTomosorisi BK/Iouasia MPOCIeKTUBHUII aHasi3, MpoBeAeHu
3 kBiTHS 2023 poxy 1o yotuii 2024 poky y Mmicti Xapkosi, YkpaiHa, 3a y4yactio 312 manieHTtiB Bikom 18-75 pokiB i3
TMiZ03POI0 Ha rOCTPi a6OMiHAIbHI CTaHM Ta KOHTPOIbHOI rpynu 3 50 Malli€HTiB, IKMM OIJISIIOBA PEHTTeHorpaMa uepeBHOi
TTOPOSKHMHM TTPOBOAMIIACH 3 TIPUYUMH MTiJO3PM Ha YPOJIOTiUHY MATOJOTiI0 Ta y AKMX Ifi€i TaTosorii Ta marosnorii 3 60Ky
OpraHiB UepeBHOI ITOPOXKHMHM BUSIBJIEHO He 6y/10. IHTeprIpeTallito 306paxkeHb 3/iliCHIOBAI «BPYUHY» ABOMa JIiIKapsSIMu-
peHTTeHOJIoTaMM Ta aBTOMAaTM30BaHO 3a JOIOMOrOI0 JBOX CUCTEM LITYYHOTO iHTesneKkTy. PesynbTaTu IokKasaiwu, IO
aBTOMaTM30BaHa iHTepIipeTallis 3abe3rmedvyBajia OeI0 BUINi cepemHi omiHkM piskocti (4,7 + 0,3 mpotn 4,6 = 0,4) i
KOHTpacTHOCTi (4,6 + 0,4 nipoTtu 4,5 *0,5) MOpiBHSIHO 3 PYYHOIO OIIiHKOI, & TAKOKX MEHIITY KiJIbKicTh apTedakriB (4,5+0,5
npotu 4,2+0,6). Cucrema Aidoc mepeBunimia Zebra Medical Vision 3a uytiusicTio (93,6 % mipotu 89,1 %), cnenmdivHicTio
(95,4 % mipotu 94,7 %), TO3UTUBHOK ITPOTHOCTUYHOO IfiHHicTIO (91,8 % mipoTu 88,2 %) i HEraTMBHOIO MMPOTHOCTUYHOIO
uinHicTio (96,7 % mpotu 92,5 %). Ilnoma mif KPMBOK POOOUMX XapaKTepUCTMK mpuiimada miast Aidoc ckmana 0,972
npotu 0,951 nnst Zebra Medical Vision. Koedinientu Kamnmna BkasyBaau Ha BUILY y3rofkeHicTh Aidoc i3 ekcriepTHUMM
OI[iHKaMM TIPY AiarHOCTHUIII KUIIKOBOI HerpoxigHocTi (k = 0,92 npotu 0,88) Ta mHeBMomneputoHeymy (k = 0,91 mporu 0,85).
CepepHiit yac iHTepripeTariii Oo4HOTO 3HIMKa 3HAYHO 3MeEHIIyBaBcs Mpu BukopuctanHi Aidoc (1,4 %0,3 XB) MOPiBHSHO 3
pyuHUM aHamizoMm (6,8+ 1,2 xB) i Zebra Medical Vision (1,9%0,4 xB). [Joc/Tii5KeHHSI TOKA3aJ10, 0 3aCTOCYBAHHS IIITYUHOTO
iHTEJIeKTY CYTT€EBO ITiABUIIYE MIBUAKICT, TOYHICTb Ta HAAiMIHICTh aHAJi3y peHTreHOrpaM OpraHiB uepeBHOI IMTOPOKHVHHA,
ONTUMIi3yIOUM NPUIHATTS KIAiHIYHMX pillleHb Y HeBiAKIaAHUX CUTyallisix. [I[pakTuuHe 3HaAUEeHHS AOCTiIKeHHS TOJsirae
Y MOSKJIMBOCTI iCTOTHOTO CKOpPOUYEHHS Yacy IiarHOCTUKMU, MiJBUIIEHHS TOYHOCTI BMUSIBIEHHS KPUTUUHUX TATOJIOTI Ta
OMTUMi3allil pecypciB MeAMYHMUX 3aK/Ia/iB Y HaJJaHHI HeBiIKIagHOI (eKCTpeHOoi) AOTIOMOTH

Knio4yoBi ciioBa: HeBigK/IamHI CTaHM OpraHiB 4epeBHOI MOPOKHMHM; OIVISIAOBAa peHTreHorpamMa OpraHiB udepeBHOI
TMOPOXKHMHM; SIKICTh Bi3yasiszallii; ITyYHMIT iHTeIeKT; aBTOMaTM30BaHMI aHaJIi3; MPOTrHOCTUYHA I[iHHICTh
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Abstract. The study aimed to determine the clinical efficacy and tolerability profile of the nanoliposomal form of tretinoin
in patients with moderate acne. The study was conducted as a randomised controlled trial involving 120 patients with
moderate acne at the Department of Dermatovenereology, Allergology, Clinical and Laboratory Immunology of the
Shupyk National Healthcare University of Ukraine; over 12 weeks, clinical dynamics, subjective assessment of efficacy
and the incidence of adverse reactions were compared with nanoliposomal and traditional forms of tretinoin. Patients
treated with nanoliposomal tretinoin showed a 58.8% reduction in clinical acne severity, which indicated a higher
therapeutic efficacy compared to the traditional formulation, where the reduction was only 41.7%. In this group, the
number of inflammatory elements decreased by 64% and non-inflammatory elements by 53.7%, while in the control
group, the corresponding figures were 42% and 34.6%, which confirmed the ability of the nanoform to affect both
comedogenesis and inflammatory processes. Complete disappearance of inflammatory lesions was achieved in 28.3% of
patients in the main group, which was more than twice as high as in the group of traditional tretinoin. The subjective
assessment of treatment effectiveness was significantly higher among nanoform users (8.1 vs 6.3 points), indicating
better satisfaction with the result. Adverse reactions occurred in less than 12% of participants in the main group,
while in the comparison group, their frequency exceeded 25%, indicating a higher dermatological tolerance of the
nanoliposomal drug. The results obtained can be used by dermatologists to make an informed choice of topical acne
therapy, in particular when prescribing modern forms of tretinoin to patients with hypersensitivity of the skin or low
tolerance to traditional drugs

Keywords: skin; comedones; inflammation; tretinoin; peeling; adverse reaction; intolerance

INTRODUCTION

Acne vulgaris is a chronic inflammatory disease of the pi-
losebaceous skin units, accompanied by the formation of
comedones, pustules, infiltrative elements and post-in-
flammatory changes, including scars and hyperpigmen-
tation. Clinical practice is dominated by persistent and
recurrent forms of the disease, which are characterised by
reduced sensitivity to standard topical therapy, in particular
to antibacterial agents. Therapeutic approaches are based
on the use of systemic and topical retinoids, but classical
dosage forms often demonstrate limited efficacy due to the
instability of active substances, insufficient penetration
through the stratum corneum of the epidermis and a high
incidence of local adverse reactions. In dermatology, there

Suggested Citation:

is a growing scientific interest in the use of nanotechnolo-
gy platforms to ensure targeted and controlled transdermal
delivery of active compounds. The research relevance is de-
termined by the need to evaluate the efficacy and safety of
nanoliposomal forms of retinoids as a potential means of
increasing bioavailability, reducing toxicity and optimising
clinical effect in the treatment of acne.

The pathogenetic basis of acne is the interrelated
processes of follicular hyperkeratosis, seborrhoea, colo-
nisation by Cutibacterium acnes and initiation of the in-
flammatory cascade, which are implemented through
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relationships between the retinoic acid receptor, retinoid X
receptor, transcription factors, and hormones that activat-
ed sebocytes and contributed to the persistence of inflam-
mation. This review formed the theoretical basis for the
determination of retinoids as multifunctional modulators
of genetic activity that act at several levels of pathogenesis.
The analysis proposed by M.C. Marchitto et al. [2] analysed
the differences between retinoid molecules in the context
of clinical forms of acne and the phase of the inflammatory
process. The authors not only classified drugs by mecha-
nism of action but also raised the problem of insufficient
individualisation of retinoid therapy, which limited its use
in difficult cases. L.A. Bolotna [3] summarised the clinical
evidence of the effectiveness of retinoids in different acne
phenotypes, emphasising the need for a combined assess-
ment of their comedolytic, anti-inflammatory and keratol-
ytic effects when choosing a drug. In addition, the study
highlighted the insufficient correspondence between the
pathogenetic effect of retinoids and the practice of their
use, which led to a loss of effectiveness in real life. Such a
critical analysis was used to interpret retinoids not only as
a standard of care, but also as a means of targeted patho-
genetic intervention, the potential of which remained far
from being exhausted.

Traditional dosage forms of topical retinoids, includ-
ing tretinoin and adapalene, are limited in clinical use due
to the instability of active ingredients, limited penetration
through the stratum corneum of the epidermis and a high
risk of irritation. The clinical and pharmacological review
by A.C. Narsa et al. [4] demonstrated that the photophilic-
ity of retinoids and their surface activity caused a high in-
cidence of local adverse reactions, which directly affected
patient compliance. The study highlighted the need to de-
velop modified-release and barrier-neutral formulations. A
significant complication of the use of traditional retinoids
in patients with a dark phototype was described by V. Cal-
lender et al. [5], emphasising the link between epidermal
irritation and post-inflammatory hyperpigmentation.
Therefore, the study concluded that there is a critical need
for forms with reduced irritation potential for sensitive
skin. I.O. Doroshkevych et al. [6] revealed another system-
ic problem: limited implementation of retinoid therapy in
primary care due to low clinical awareness of doctors and
patients’ cautious attitude to side effects. These studies
outlined the range of disadvantages of classical topical
forms, which justified the need to search for new delivery
platforms with improved pharmacological characteristics.

The development of nanoliposomal forms of retinoids
is a promising way to overcome the pharmacokinetic limi-
tations of classical drugs and optimise their safety profile.
In the clinical experiment by A. Samadi et al. [7], the use of
tretinoin in nanolipid carriers provided significantly high-
er clinical efficacy compared to standard forms, which was
manifested in a decrease in the number of inflammatory
elements and the acne severity index. At the same time, a
decrease in the frequency of local side effects was recorded,
which confirmed the better tolerability of nanostructured
systems. In the publication by N. Dragicevic & H.I. Mai-
bach [8], liposomal platforms were considered as a means
of stabilising retinoids and regulating the rate of their
transdermal transport, which contributed to more accu-
rate dose control in the microenvironment of the follicular

apparatus. The review also revealed significant advantag-
es of such systems in terms of reducing the irritant effect
of the active substance. Another innovative approach was
the proliposomal nanofibres described by S. Tort et al. [9],
which combined the delivery of retinoic acid with the ef-
fect of inhibiting the Cutibacterium acnes biofilm. The
study demonstrated the effectiveness of this technology
in a model of microbiological resistance, indicating its po-
tential in the treatment of complex forms of acne. Another
example of the technological implementation of the nan-
oliposomal strategy was the study by A. Arooj et al. [10], in
which a gel form of adapalene encapsulated in liposomes
was created. Based on the results of the evaluation of the
physicochemical properties and in vitro activity of the gel,
the study noted an improved drug release, enhanced skin
penetration and prospects for further clinical trials.
Despite the growing number of studies in the field of
transdermal delivery of retinoids, there are no data on the
clinical efficacy of nanoliposomal forms of retinoids based
ondirect comparison with traditional drugs under standard-
ised conditions of observation. The study aimed to evalu-
ate the therapeutic effect and tolerability of nanoliposomal
tretinoin in the treatment of patients with moderate acne.
The objectives included: analysis of the dynamics of clini-
cal parameters during therapy, assessment of the frequency
and nature of side effects, and comparison of the efficacy of
the study form with the reference standard form of tretinoin.

MATERIALS AND METHODS

The study was conducted in the format of a randomised
controlled trial during June-August 2024 at the clinical
base of the Department of Dermatovenereology, Allergol-
ogy, Clinical and Laboratory Immunology of Shupyk Na-
tional Healthcare University of Ukraine. The chosen period
ensured a full 12-week treatment course followed by short-
term follow-up to assess the durability of the clinical effect
and the incidence of adverse reactions. The study included
120 patients aged 18 to 35 years with a clinically confirmed
diagnosis of moderate acne, established by a dermatologist
based on examination and history. The severity of acne was
assessed using the Global Acne Grading System (GAGS)
scale, which is recommended for standardised assessment
of the clinical course of the disease following European
guidelines for the treatment of acne [11]. This age range is
justified by the high prevalence of persistent acne in young
adults, which is characterised by a persistent clinical course
and reduced efficacy of standard topical retinoid therapy.
Participants were randomly divided into two equal groups
of 60 people each. The allocation was carried out by strat-
ified randomisation using a computer-generated sequence
that ensured the groups were balanced by age and gender
(30 men and 30 women in each group).

Group A was treated with an experimental topical nan-
oliposomal form of tretinoin (0.05%, gel base). The prepa-
ration contained tretinoin, phosphatidylcholine (liposome
backbone), cholesterol (membrane stabiliser), ethanol,
ethylenediaminetetraacetic acid dinitrate salt (Trilon B),
purified water and Carbopol 934P (gelating agent). Lipos-
omes were prepared by lipid film hydration followed by ul-
trasonic homogenisation (10 min, 60% amplitude) at 40°C.
Gelation was performed at pH (hydrogen potential) 6-6.5.
The average hydrodynamic diameter of the particles was
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182+ 15 nm (determined by dynamic light scattering), and
the polydispersity index was 0.21. Physicochemical stabili-
ty was assessed by centrifugation and temperature cycling.
The tretinoin content was determined by high-performance
liquid chromatography; the pH of the drug was 6.2 +0.3;
the viscosity was 8,700 centipoise. The technology was de-
veloped based on patent WO1998/030215A1 [12]. Group B
(control, with active comparison) used the traditional form
of tretinoin Airol 0.05% cream (Pierre Fabre, France).

Participants in both groups received written instruc-
tions for the use of the products: apply once a day (in the
evening, after cleansing the skin), applying a thin layer to
the affected areas of the face, avoiding the area around the
eyes, lips and mucous membranes. Do not wash or use oth-
er products for 6 hours after application. For hygienic care,
Obagi Nu-Derm Foaming Gel (pH 5.5) (Obagi Cosmeceuti-
cals LLC, USA) was recommended twice daily. The use of
aggressive cosmetics (alcohol-containing tonics, scrubs)
was prohibited. For the prevention of photosensitisation,
all patients used La Roche-Posay Anthelios SPF 50+ (Sun
Protection Factor) (La Roche-Posay Laboratoire Derma-
tologique, France) daily with reapplication in case of sun
exposure; it was also recommended to avoid insolation,
tanning beds and thermal procedures. No additional top-
ical or systemic acne medications were used during the
treatment period. A combined approach was used to mon-
itor compliance with the therapeutic protocol. All patients
kept self-observation diaries, which were checked at each
follow-up visit (weeks 2, 6, and 12). In addition, a visual
skin examination and standardised photographic recording
of the skin condition were performed at the same control
points under constant lighting conditions, distance (50 cm)
and angle. Images were captured using a Canon EOS 90D
digital SLR camera (24.2 MP, EF-S 18-55 mm lens) in man-
ual mode. Assessment of the residual amount of the drug
in individually dispensed tubes was used as an auxiliary in-
dicator of therapeutic adherence.

The study included patients who met the following
criteria: age 18-35 years, clinically confirmed moderate
acne, no treatment with systemic retinoids or antibiotics
for at least 3 months before enrolment, and no concomi-
tant diseases that could affect the course of acne. Patients
with severe or conglomerate forms of acne, dermatoses
that make diagnosis difficult (rosacea, seborrhoeic or oral
dermatitis), allergies to drug components, as well as preg-
nant or lactating women or participants in other clinical
trials within the previous 6 months, were excluded. The
clinical effectiveness of the treatment was assessed based
on the dynamics of the GAGS score, a standardised scale
that addresses the number and type of lesions in different
anatomical areas (forehead, cheeks, nose, chin) with ap-
propriate correction factors. The total score on the GAGS
scale (0-44) was used to classify the severity of acne as
follows: 1-18 points — mild, 19-30 points — moderate, 31-
38 points — severe, 39-44 points — extreme. Assessment
was performed at three control points: at the beginning
of treatment (day 0), after 6 weeks, and at the end of the
course (week 12). The primary efficacy endpoint was a re-
duction in the total GAGS score of >50% from baseline,
which was interpreted as a clinically significant improve-
ment. Secondary outcome measures were absolute reduc-
tion in the number of inflammatory (pustules, papules,

nodules) and non-inflammatory elements (comedones),
as well as an overall assessment of improvement in the
clinical condition of the skin using the Visual Analog Scale
(VAS) (0-10), where 0 corresponded to no positive dynam-
ics and 10 to complete clinical recovery. An additional cri-
terion for evaluating efficacy was the presence of clinical
remission, which was defined as the complete absence of
inflammatory elements and a decrease in the number of
non-inflammatory elements of >90% of the baseline. Clin-
ical dynamics were assessed by two independent research-
ers with a higher medical education in dermatovenereol-
ogy and more than 10 years of clinical experience. Both
had experience in clinical trials (at least 5 years). Visual
skin examination was performed in the dynamics (week 0,
6, 12) and was accompanied by standardised photographic
recording of the skin condition, the conditions of which
have already been described in the previous subsection.
All assessments were performed in a blinded mode con-
cerning the group Affiliation of the patients.

The safety and tolerability of the therapy were assessed
through systematic monitoring of the most common local
adverse reactions typical of topical tretinoin use. The fre-
quency and intensity of such symptoms as erythema, flak-
ing, burning, itching, dry skin and the appearance of new
inflammatory elements as signs of a possible reactive ex-
acerbation were studied. The assessment was conducted by
a dermatologist at each follow-up visit using a standard-
ised 4-point severity scale (0 — absent, 1 — mild, 2 — mod-
erate, 3 — severe). The first control was performed at week
2 of treatment, which corresponded to the early induction
phase of the drug. Additionally, the number of patients who
discontinued treatment due to intolerance was recorded.

The data were analysed using IBM SPSS Statistics, ver-
sion 26.0. The Shapiro-Wilk test was used to check the nor-
mality of the distribution. Quantitative indicators are pre-
sented as mean with standard deviation (M+SD) or median
with interquartile range (Me [Q1-Q3]), depending on the
nature of the distribution. Comparisons between groups
were performed using Student’s t-test or Mann-Whitney
test; for dynamic changes within groups, paired t-test or
Wilcoxon test. Frequency data were analysed using the y?
test or Fisher’s test. The level of statistical significance was
set at p<0.05. The clinical trial complied with the ethical
and legal requirements set out in the Declaration of Helsin-
ki [13], the International Council for Harmonisation Good
Clinical Practice guidelines [14], and Order of the Ministry
of Health of Ukraine No. 690 [15]. All participants provided
written informed consent after receiving full information
about the purpose, procedures, and potential risks.

RESULTS
Dynamics of changes in acne severity per the GAGS scale.
In the dynamics of the 12-week treatment, a statistically
significant decrease in the mean GAGS score was recorded
in both study groups. At baseline (day 0), the mean GAGS
score in group A was 27.4 2.8 points, which correspond-
ed to the average severity of acne. In group B, the base-
line score was 27.1+ 2.6 points. There was no statistically
significant difference between the groups at the start of
the study (p=0.64), which confirmed the baseline homoge-
neity of the sample according to the main efficacy assess-
ment criterion. After 6 weeks of therapy, group A showed
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a decrease in the GAGS index to 17.2 + 2.4 points, which
corresponded to an average decrease of 37.2% compared to
baseline (p<0.001 compared to baseline). In group B, at the
same stage of treatment, the index decreased to 20.3+2.9
points, which was only a 25.1% decrease (p < 0.001). At
the same time, the intergroup difference in favour of the
nanoliposomal drug reached high statistical significance
(p < 0.001), indicating a faster therapeutic effect in pa-
tients treated with the nanostructured form of tretinoin.
After completion of the full course of treatment (week 12)

in group A, the mean GAGS score decreased to 11.3%2.1
points, which corresponded to an absolute decrease of 16.1
points (58.8% relative to baseline). In group B, the score
decreased to 15.8%2.3 points, which was a 41.7% improve-
ment. Both groups demonstrated intra-group statistically
significant dynamics (p < 0.001), but comparative analysis
confirmed the advantage of the nanoliposomal form of
tretinoin (p<0.001, including at week 12). Table 1 showed
the dynamics of the mean values of the GAGS index in
groups A and B during the treatment period.

Table 1. Dynamics of the GAGS index in groups A and B during treatment (M £SD)

Time point Group A (nano-gel) Group B (Airol cream)
Day 0 274%2.8 27.1%£2.6
Week 6 17.2+2.4 20.3+2.9
Week 12 11.3%£2.1 15.8+2.3

Source: compiled by the author

The use of the nanoliposomal delivery system not
only contributed to a more pronounced clinical effect but
also ensured its earlier realisation. By week 6, more than
half of the patients in group A achieved a reduction in
GAGS of >50%, which met the primary endpoint of clin-
ical improvement. In group B, this result was recorded
mainly at the final stage of treatment, with a statistically
lower proportion of patients achieving a >50% reduction
(x*=11.47; p=0.0007). The nanoliposomal form of treti-
noin was characterised not only by greater efficacy but also
by faster achievement of the therapeutic response thresh-
old. The decrease in the mean GAGS score in group A was
also accompanied by a smaller interindividual variation:
the standard deviation at week 12 was 2.1 points, while
in group B it was 2.3 points. This indicated a more uni-
form clinical effect and better reproducibility of results in
the population. The reduction in variability may indicate
greater bioavailability and stability of the active substance
in the conditions of nanostructured delivery.

In an additional stratified analysis, it was found that
among patients with a baseline GAGS score of >30 (up-
per limit of moderate), 76.7% of participants in group A
achieved a reduction in score to €18 (mild) by week 12. In
group B, this result was observed only in 41.6% of cases
(p=0.002), which confirmed the effectiveness of the nano-
liposomal form of tretinoin even in clinically more severe
cases. A comparative analysis of the dynamics of the mean
GAGS index values by group demonstrated a stable advan-
tage of the nanoliposomal drug from week 6 of treatment,
which persisted until the end of the study. In group A, the
rate of reduction of the GAGS index was higher during the
first 6 weeks of treatment, after which a gradual slowdown
in clinical dynamics was observed, indicating an approach
to a therapeutic plateau. In group B, the improvement was
slower and less pronounced, with no clear signs of reaching
a clinically stable level by the end of the study.

The results confirmed the significant advantage of
the nanoliposomal form of tretinoin over the traditional
form in the treatment of moderate acne. The use of the
nanostructured delivery system provided not only a more
pronounced reduction in the GAGS index, but also a faster
achievement of the therapeutic effect, a higher frequen-
cy of clinically significant improvement (>50% reduction

in the GAGS score), and lower variability of results, which
indicated better reproducibility of the effect in real clinical
practice. The stratified analysis further demonstrated the ef-
ficacy of thedrugevenin patients with ahigherinitial severi-
ty,which expands the potential indications for the use of the
nanoliposomal form of retinoid in dermatological practice.

Dynamics of changes in the number of inflammatory
and non-inflammatory elements of the skin rash. The as-
sessment of the quantitative dynamics of clinical manifes-
tations of acne expanded the insight into the effectiveness
of the used dosage forms of tretinoin in the study groups. A
comparative analysis of the number of inflammatory (pus-
tules, papules, nodules) and non-inflammatory elements
(open and closed comedones) at three control points (day 0,
week6,week 12)revealeddifferencesinthetherapeuticeffect
between nanoliposomal and traditional forms of tretinoin.

At the beginning of the study, both groups demonstrat-
ed a comparable profile of clinical lesions. In group A, the
average number of inflammatory elements was 22.8 +3.9,
and 29.4+4.6 non-inflammatory elements. In group B, the
corresponding figures were 23.1£3.7 and 28.9+4.3. The in-
tergroup differences did not reach statistical significance
(p >0.05), which indicated the initial clinical homogeneity
of the sample. At week 6 of therapy in group A, a signifi-
cant reduction in inflammatory elements was recorded to
13.6+ 3.2, which corresponded to an average reduction of
40.3% (p < 0.001). Non-inflammatory elements decreased
to 18.5+3.9 (37.1% decrease; p < 0.001). In group B, the
number of inflammatory elements decreased to 17.5+3.6
(24.2% decrease) and non-inflammatory elements to
22.6%4.1 (21.7% decrease), which was also statistically sig-
nificant compared to the baseline (p < 0.001), but signifi-
cantly lower compared to group A (p<0.01). At week 12 of
treatment in group A, the mean number of inflammatory
elements was 8.2%2.7, which corresponded to an overall de-
crease of 64% from baseline. Non-inflammatory elements
decreased to 13.6 £3.4 (53.7% reduction). In group B, the
values were 13.4%2.9 (42% decrease) and 18.9%3.6 (34.6%
decrease), respectively. Comparative analysis confirmed a
statistically significant predominance of the effect of the
nanoliposomal form in both inflammatory (p = 0.0003)
and non-inflammatory elements (p=0.0009). The data are
summarised in Table 2.
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Table 2. The average number of inflammatory and non-inflammatory elements (pcs.)
in patients of both groups in the dynamics of treatment (M = SD)

Metric Group Day 0 Week 6 Week 12
Inflammation elements (number) A 22.8%3.9 13.6%3.2 8.222.7
B 23.1+3.7 17.5%£3.6 13.4%£2.9
Non-inflammation elements (number) A 29.4%4.6 18.5%3.9 13.623.4
B 28.9+4.3 22.6+4.1 18.9£3.6

Source: compiled by the author

The analysis of the dynamics of the number of clin-
ical skin lesions showed a significant therapeutic ad-
vantage of the nanoliposomal form of tretinoin over the
traditional one. The most pronounced effect in group A
was observed already at the intermediate stage of treat-
ment, indicating early suppression of the inflammatory
process and activation of the comedonolytic mechanism.
Such dynamics were clinically significant, as early reduc-
tion of inflammatory elements helps to reduce the risk of
post-inflammatory hyperpigmentation and scarring. At
the same time, the gradual, less pronounced reduction of
rashes in group B indicated a limited permeability of the
traditional dosage form and a slower rate of realisation of
the therapeutic effect.

The rate of reduction of papulopustular elements,
which are key markers of active inflammation, should be
noted separately. In group A, more than 62% of patients
demonstrated a >50% reduction in the number of inflam-
matory elements by week 6, whereas in group B, the corre-
sponding figure was only 38% (p=0.0017). This indicated a
faster anti-inflammatory effect of the nanoliposomal form
of tretinoin. The reduction in the number of comedones
in group A was also statistically significant and more pro-
nounced. The proportion of patients in whom the number
of non-inflammatory elements decreased by >50% was
54.2% in group A versus 31.7% in group B (p=0.0031). This
difference indicated a more effective comedonolytic and
keratolytic elimination of follicular mouth hyperkeratosis
with the use of a nanoliposomal preparation. In addition
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to quantitative changes, the distribution of elements in
different anatomical zones was analysed. The most pro-
nounced decrease in inflammatory elements in group A was
recorded in the forehead (71.3%) and cheeks (68.4%), while
in group B these figures were 48.2% and 46.9%, respec-
tively. A similar trend was observed for non-inflammatory
elements: in group A, the most pronounced improvement
was in the chin area, which confirmed the systemic clinical
response to the use of the nanoliposomal preparation.

Additional analysis revealed that at week 12, complete
disappearance of inflammatory elements (0-1 residual le-
sions) was achieved in 28.3% of patients in group A, while
in group B, this result was recorded in only 13.3% of cases
(p=0.0095). This indicator was considered an indicator of
clinical remission, which is directly relevant to improv-
ing the quality of life of patients. Stratification analysis
revealed that in patients with predominantly comedonal
acne (more than 60% of lesions at baseline), clinical im-
provement at week 12 was significantly better in group A,
where 67.9% achieved a >50% reduction in the number of
non-inflammatory elements, compared to 39.4% in group B
(p=0.0024). This led to the conclusion that the use of the
nanoliposomal form of tretinoin is particularly appropri-
ate for comedonal and mixed forms of acne. The compara-
tive dynamics of achieving clinically significant changes in
groups A and B were conducted based on four key param-
eters: reduction of inflammatory and non-inflammatory
elements, achievement of clinical remission and efficacy in
patients with comedonal acne (Fig. 1).

Group A
Group B

Effective
in comedogenic forms

Clinical remission
(0-1 lesion, 12 weeks)

Figure 1. Comparative efficacy of nanoliposomal and traditional forms of tretinoin on key clinical indicators

Source: compiled by the author

Figure 1 illustrated the differentiated nature of the
therapeutic response to nanoliposomal and traditional
forms of tretinoin according to the main clinical criteria.
The visible structural superiority of the nanostructured
drug in all segments of the graph confirms its ability to
provide rapid reduction of both inflammatory and non-in-
flammatory elements, achievement of remission and

effectiveness in comedonal acne. Based on these features,
it is possible to consider this formulation as more targeted
in the context of heterogeneous manifestations of the dis-
ease. The analysed data confirmed that the nanoliposomal
form of tretinoin provides not only a quantitative improve-
ment in the main clinical parameters but also demonstrates
the prognostic stability of the effect in different groups of
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patients. Such pharmacodynamic stability is a key factor in
the development of long-term strategies for the manage-
ment of patients with acne, especially in cases of resistance
to standard therapy or when it is necessary to minimise the
systemic burden.

Subjective assessment of clinical improvement using
the VAS scale. The subjective perception of the effective-
ness of therapy was analysed based on the VAS scale at
three time points. The initial scores were the same in both
groups, but significant differences were found in the dynam-
ics, which were used to compare the level of patient satis-
faction with the use of different dosage forms of tretinoin.

At the baseline, both study groups demonstrated
comparable levels of subjective self-esteem. In group A,
the average value of the VAS scale was 2.1 *0.8 points, in
group B — 2%0.9 points, which did not indicate a statistical-
ly significant difference between them (p >0.05). This indi-
cated the homogeneity of the sample in terms of the initial
level of satisfaction and confirmed the objective severity of
acne as perceived by the patients themselves. At week 6 of
therapy, there was a significant improvement in subjective
scores in both groups, but the intensity of these dynamics
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varied significantly depending on the form of tretinoin. In
group A, the mean VAS score increased to 6.4+ 1.1 (change
+4.3 points; p<0.001), while in group B it was only 4.9+ 1.3
(change + 2.9 points; p < 0.001), which revealed a signifi-
cant between-group difference (p=0.002). This indicated
a higher early satisfaction with treatment when using the
nanoliposomal formulation. The analysis of the proportion
of patients who rated the therapeutic effect at >7 points
(the threshold for subjective therapeutic satisfaction) also
showed a significant advantage of group A, 51.7% versus
29.2% in group B (p=0.0034). This indicator is especially
relevant in clinical practice, as it is a marker of high pa-
tient motivation to continue to comply with prescriptions.
At the final, 12" week of treatment, the level of subjective
satisfaction reached its maximum values in both groups,
but the gap between them remained. In group A, the mean
VAS score was 8.1+ 1, while in group B it was 6.3+ 1.4
(p=0.0007) (Fig. 2). The proportion of patients who report-
ed a satisfaction level of >7 points in group A was 78.3%, in
group B, only 49.2% (p=0.0012). Thus, in group A, almost
twice as many participants achieved a high level of subjec-
tive efficacy of therapy.

8.1
6.3 Group A
Group B
Week 12

Figure 2. Dynamics of mean VAS values in groups A and B during treatment

Source: compiled by the author

Figure 2 illustrated a gradual increase in satisfaction
scores in both study groups, but the curves have different
steepness, indicating a faster subjective response in the
case of nanoliposomal preparation. Visualisation of the
dynamics also reveals the presence of a clinical plateau in
group A after 6 weeks of treatment, while in group B, the
growth is slower and without clear signs of reaching maxi-
mum efficacy. In addition to the main quantitative chang-
es, additional stratified analyses were performed depend-
ing on the severity of acne at the start of treatment. In the
subgroup of patients with moderate disease (GAGS 19-30)
in group A, 82.4% of respondents reported satisfaction >7
points at week 12, while in group B this figure was 53.6%
(p=0.0018). In the subgroup with severe acne (GAGS >30),
treatment satisfaction was expressed in 71.9% of cases in
group A versus 41.2% in group B (p=0.0027). The superi-
ority of the nanoliposomal formulation in terms of patient
experience was demonstrated in both clinical subtypes. To
summarise the results, it is worth noting that emotion-
al perception of therapy was closely related to its clinical
effectiveness, especially in the nanoliposomal group. The
high satisfaction scores recorded regardless of acne sever-
ity indicate the potential of this formulation as a first-line
strategy to increase patient adherence and long-term sta-
bility of results.

Assessment of tolerability and frequency of adverse
reactions. Throughout the entire observation period, no
cases of medication non-compliance or premature discon-
tinuation without medical reasons were recorded in either
group. All patients adhered to the prescribed therapeutic
recommendations, which were confirmed by regular check-
ing of self-observation diaries, standardised photographic
recording of skin conditions, and examination during fol-
low-up visits. Treatment tolerability was assessed based on
the frequency and severity of localised adverse reactions
that occurred in response to tretinoin. The most common
symptoms were erythema, flaking, burning, itching, dry
skin and the appearance of new inflammatory elements.

During the second week of therapy, the highest fre-
quency of side effects was observed in both groups, which
is typical for the induction phase of tretinoin treatment.
In group B (traditional formulation), moderate or severe
erythema was recorded in 47.5% of participants, while in
group A (nanoliposomal formulation), this figure was only
31.7%. The incidence of complaints of dry skin reached
39.2% in group B versus 28.3% in group A. A similar pic-
ture was observed for other irritation symptoms: burning
(36.7% vs 21.7%), peeling (42.5% vs 26.7%) and itching
(24.2% vs 13.3%). In the subsequent dynamics (6 and 12
weeks), a gradual decrease in the intensity of side effects
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was observed in both groups, but the level of symptom
reduction was significantly higher in the nanoliposomal
group. Thus, at the 12™ week of treatment, the incidence
of any side effects in group A did not exceed 12%, while
in group B it remained at the level of 25-30%. The most
persistent symptoms were dryness and peeling, indicating
a cumulative and dose-dependent effect of tretinoin, but in
group A, they were characterised by a predominantly mild
degree of severity.

The intensity of adverse reactions, assessed on a
4-point scale, also confirmed the superiority of the nan-
oliposomal formulation. In group B, at week 2, more than
40% of patients scored >2 for at least two symptoms (ery-
thema, dryness), while in group A, the proportion of such
patients was only 17%. By week 12, both groups showed
a decrease in symptom intensity, but the mean score in
group B remained higher for all indicators (e.g., mean val-
ue for peeling 1.6+0.7 in group B vs. 0.8+0.5 in group A).

The emergence of new acne lesions as a form of reactive
exacerbation was observed mainly in the early stages of
treatment. In group B, such episodes were observed in
18.3% of cases, while in group A, only in 10%, and had a
short duration. Such dynamics can be explained by the
less aggressive keratolytic effect of the nanoliposomal for-
mulation, which provided a more controlled release of the
active substance. The frequency of discontinuation due to
side effects was also lower in group A. In total, 2 patients
(3.3%) in group A discontinued treatment prematurely,
while 6 patients (10%) in group B discontinued treatment,
mainly due to persistent irritation that could not be cor-
rected by adjunctive emollient therapy. To compare the
severity of local adverse reactions in the course of therapy
in groups A (nanoliposomal tretinoin) and B (tradition-
al form of tretinoin), an analysis was performed using a
standardised 4-point scale. The results of the assessment
are shown in Table 3.

Table 3. Severity of side effects in the dynamics of treatment (groups A and B)

Adverse reaction Group Week 2 Week 6 Week 12
Erythema A 31.7 18.3 8.3
B 47.5 35 22.5
i A 26.7 14.2 5
Peeling B 425 317 15
X . A 21.7 10.8 3.3
Burning sensation B 6.7 940 108
) A 13.3 5.8 1.7
Itching
B 24.2 15.8 6.7
i A 28.3 12.5 4.2
Dry skin B 39.2 25.8 12.5
New inflammations A 4.2 0.8
B 18.3 9.2 3.3

Source: compiled by the author

The analysis showed a higher tolerability of the nan-
oliposomal form of tretinoin, which is possibly related to
its pharmaceutical structure: liposomal encapsulation re-
duced direct contact of the active substance with the skin,
modulated its release and reduced the risk of local irrita-
tion. This was of key importance for the chronic course of
the disease, when the duration of treatment and the need
for good tolerability become crucial factors in the success
of therapy. Thus, the nanoliposomal form of tretinoin
provided an improved safety profile in terms of both the
frequency and severity of side effects. Reduction in the
number of intolerable reactions, less need for additional
symptomatic correction and higher completion rate of the
full course of treatment define this formulation as clini-
cally preferable in the treatment of mild to moderate acne.

DISCUSSION
The interpretation of the data obtained can be used to
compare the observed effects of the nanoliposomal form
of tretinoin with the existing ideas about the pathogen-
esis of acne and the peculiarities of the action of topical
retinoids. The analysis in comparison with the literature
can be used to assess the degree of compliance of the re-
sults with the available evidence and to outline the poten-
tial benefits of the investigated drug for practical use. The
study determined that the average GAGS score decreased

in group A from 27.4+2.8 to 11.3 = 2.1 points, while in
group B from 27.1£2.6 to 15.8+2.3 points during 12 weeks
of treatment. In patients with a baseline GAGS level >30,
the achievement of mild acne was observed in 76.7%
of patients in group A versus 41.6% in group B, which
showed the effectiveness of the nanoliposomal form of
tretinoin even in clinically burdened cases. A similar dy-
namic of the effectiveness of nanoliposomal systems was
observed by V. Singh et al. [16], who showed that nano-
technological platforms increased the permeability of
retinoids and provided an earlier clinical effect in patients
with papulopustular acne. The study by J. Lalrengpuii et
al. [17] found that retinoid nanoparticles reduced the time
to achieve a therapeutic effect by about 30% compared to
the standard form, which was qualitatively consistent
with a faster reduction in GAGS in group A in this study.
Z.M. Dos Santos et al. [18] demonstrated that long-term
use of lipid nanotherapeutic systems led to a more stable
remission in patients with moderate acne, which corre-
lated with the lower variability of clinical response found
in patients treated with nanoliposomal tretinoin. In ad-
dition, M.]. Tsai et al. [19] reported that liposomal forms
of retinoic acid inhibited keratinocyte proliferation and
destroyed the Cutibacterium acnes biofilm, which could be
an additional mechanism for reducing the severity of acne
observed in group A.
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In the study, the number of inflammatory elements in
group A decreased by 64% and non-inflammatory elements
by 53.7%, which was significantly higher than in group B
(42% and 34.6%). The proportion of patients with a reduc-
tion in inflammatory lesions of >50% was 62% in group A
versus 38% in group B, while a reduction in the number
of non-inflammatory elements of >50% was achieved in
54.2% of cases in group A and 31.7% in group B. Complete
disappearance of inflammatory elements at week 12 was
recorded in 28.3% of patients in group A compared with
13.3% in the control group. The obtained results correlated
with the results of N. Mohsin et al. [20], who noted that na-
nostructured delivery systems demonstrated an earlier re-
duction of papulopustular elements in patients with mod-
erate acne. A decrease in the effectiveness of traditional
tretinoin on non-inflammatory elements was also noted
by A.M. Bilovol & M.V. Kropivnyi [21], which correspond-
ed to lower comedone reduction rates in group B in this
study. As shown by H. Baldwin et al. [22], classical forms
of retinoids provided slow dynamics of changes in mixed
forms of acne, without achieving a high proportion of
clinical remission, which contrasted with 28.3% complete
disappearance of elements in group A. In turn, J. Zhong et
al. [23] demonstrated that the inclusion of tretinoin in
nanolipid carriers significantly increased comedonolytic
activity due to improved penetration and reduced surface
irritation, which could explain the significantly higher
frequency of reduction of non-inflammatory elements in
group A. The established superiority of nanoliposomal
tretinoin was confirmed both quantitatively and anatomi-
cally, with the most pronounced effect in the forehead and
cheeks, indicating a uniform transdermal distribution of
the active substance.

In the dynamics of treatment, a significantly higher
level of subjective satisfaction with therapy was found
in the group of nanoliposomal tretinoin. At week 12, the
mean VAS score was 8.1 %1 in group A, which was sig-
nificantly higher than 6.3 £ 1.4 in group B (p = 0.0007).
The proportion of patients who scored >7 points for the
treatment result was 78.3% in group A and only 49.2%
in group B, and even in the subgroup with severe acne,
satisfaction with therapy was achieved significantly more
often in cases of using the nanoform (71.9% vs 41.2%).
The positive subjective response of patients could be due
to several factors, among which the reduced frequency of
local side effects played a key role. The review by J.H. Sau-
rat et al. [24] emphasised that the level of skin irritation
directly affected the perception of the effectiveness of
topical therapy, even with the same clinical dynamics.
The lower intensity of erythema, burning and dryness in
group A found in this study could explain the advantage
of subjective assessment, especially in the early stages of
treatment. Consistent with this, D.Z. Eichenfield et al. [25]
reported that forms of retinoids with improved tolerability
provided higher patient satisfaction already at 4-6 weeks
of therapy, which is fully consistent with the results ob-
tained in group A. According to M. Kassir et al. [26], selec-
tive retinoic acid receptor agonists demonstrated a better
subjective tolerance profile, which emphasised the impor-
tance of receptor-specific and pharmacokinetic character-
istics of the molecule for the formation of a positive pa-
tient experience. N. Wagner et al. [27] demonstrated that it

was the reduction in the frequency of irritation reactions
that was a leading factor in the formation of adherence
to therapy and an increase in patient confidence, which is
fully consistent with the high VAS scores in group A, even
in patients with severe clinical forms of acne.

In the group treated with nanoliposomal tretinoin, a
significantly lower frequency and intensity of local adverse
reactions were recorded compared to the traditional for-
mulation. Already at 2 weeks of treatment, the incidence of
erythema, burning, dryness and peeling was 12-20% lower
in group A, and at the final stage of therapy, side effects
were recorded in less than 12% of patients compared to
25-30% in the control group. The mean value of peeling
severity in group B was twice as high as in group A (1.6%0.7
vs 0.8£0.5), which was accompanied by a higher frequency
of early discontinuation of therapy (10% vs 3.3%). A sim-
ilar reduction in the irritant potential of nanostructured
retinoids was demonstrated by A. Otlewska et al. [28], who
reported that encapsulation of the active substance in li-
posomes reduced contact toxicity and provided a gradual
release without peak concentrations on the skin surface. A
systematic review by J. Kapata et al. [29] noted that a reduc-
tion in the incidence of side effects to <15% was associated
with a better adherence profile, which was consistent with
fewer treatment discontinuations in group A. The posi-
tive effect of lipid carriers on reducing irritation was also
confirmed by the study by M. Pawlowska et al. [30], which
showed that liposomal systems with retinol and peptides
mitigated transepidermal stress and maintained physi-
ological pH, which increased tolerability even with pro-
longed use. In addition, I. Eroglu et al. [31] showed that the
combination of liposomes with moisturising components
further neutralised cumulative dryness, which potentially
explains the lower severity of this symptom in group A in
the present study.

The efficacy of the nanoliposomal form of tretinoin
observed in the study could be due not only to the physic-
ochemical advantages of the delivery platform but also to
its effect on key pathogenic mechanisms of acne. As noted
by C. Mias et al. [32], chronic inflammation in acne lesions
was mediated by the activation of Th17 lymphocytes, with
intensive involvement of the IL-17-dependent pathway.
Controlled delivery of tretinoin in the follicular zone could
modulate this response by reducing the local expression of
proinflammatory genes. In addition, the study by I. Cavallo
et al. [33] demonstrated that Cutibacterium acnes biofilms,
characteristic of recurrent acne, increased microbial re-
sistance and reduced the effectiveness of standard topical
agents. Liposomal carriers, due to their ability to penetrate
the extracellular matrix of biofilms, provided targeted drug
delivery and increased antimicrobial activity. According to
M. Deng et al. [34], disruptions in intercellular interaction
in the inflammatory microenvironment were important,
due to overexpression of inflammatory regulatory genes
in keratinocytes. Nanostructured platforms could poten-
tially compensate for these mechanisms by prolonging
the release of the active substance and avoiding local con-
centration peaks. A. Sedighidarijani et al. [35] additionally
confirmed that lipid carriers with retinoids demonstrated
efficacy in experimental acne modelling both in vitro and in
vivo, which confirmed the universality of the mechanisms
underlying the clinical results.
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The results of the study confirmed the clinical feasibil-
ity of using the nanoliposomal form of tretinoin in patients
with moderate acne. Convincing evidence of its advantag-
es over the traditional formulation was obtained both in
terms of objective efficacy (reduction of GAGS scores, re-
duction of inflammatory and non-inflammatory elements)
and subjective assessment of patients. Reduced frequency
and intensity of local adverse reactions resulted in better
tolerance and higher adherence to treatment. Given the
stable dynamics of the therapeutic response, especially in
subgroups with more severe disease, nanoliposomal treti-
noin can be considered an effective and safe alternative for
long-term topical acne therapy with a high potential for
widespread clinical use.

CONCLUSIONS

During 12 weeks of treatment, both forms of tretinoin
demonstrated a reduction in the clinical severity of acne,
but the nanoliposomal form provided a significantly more
pronounced effect. A 58.8% reduction in GAGS scores in
group A was accompanied by less variability in response
and a higher frequency of mild acne, especially in the sub-
group of patients with more severe initial courses. This in-
dicates the increased therapeutic activity of the nanostruc-
tured form and its ability to provide a clinical response even
in difficult clinical cases. Both forms of tretinoin helped to
reduce the number of inflammatory and non-inflammato-
ry lesions, but in patients of group A, the reduction was
significantly higher. This was true for both inflammatory
elements (64% vs 42%) and non-inflammatory elements
(53.7% vs 34.6%), indicating the universal efficacy of the
nanoliposomal formulation. The frequency of achieving a
reduction of >50% was higher in group A, and the complete
disappearance of inflammatory elements was recorded al-
most twice as often. Such dynamics indicate the simultane-
ous effect of the nanoparticle form on the key pathogenetic
links of comedogenesis and inflammation.

The VAS score confirmed high subjective satisfaction
with nanoliposomal tretinoin treatment. In the dynamics
of therapy, this formulation was consistently associated
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OuiHKa epeKTUBHOCTI HAHONiINOocoManbHUX POPM peTUHOIAIB
Yy NiKyBaHHi aKHe

Baaum BopoBukos

KaHgounpoat MeguyHmMX HayK, aCUCTEHT

HauioHanbHMM YHIBEPCUTET OXOPOHM 300Pp0B'a YKpaiHu iMeHi M. J1. Llynunka
04112, Byn. loporoxuubka, 9, M. K1iB, YKpaiHa
https://orcid.org/0000-0002-0572-7730

AHoTauifa. MeToio [OCTimKeHHS O6yl0 BM3HAUEHHS KIiHiUHOiI edekTuBHOCTI Ta mpodinio mepeHOCUMOCTi
HaHOJIIMOCOMA/IbHOI (pOpMM TPETUHOIHY Yy TMAI[i€EHTIiB 3 aKHe CepelHbOTO CTyIeHs. [JoCTimKeHHSI TTPOBOAMIOCS SIK
paHIOMi30BaHe KOHTPOJIbOBAHE MOCTiMKEHHS 3a ydacTio 120 maIieHTiB 3 akHe cepeJHbOro CTyIeHs Ha Kadempi
IepMaToBeHepoJorii, ameprosorii, KiIiHiuHOi Ta mabopaTopHoi imyHonorii HarioHambHOTO YHiBepCUTETYy OXOPOHU
3mopoB's Ykpainu imeHi I1. JI. llynuka; mpoTsarom 12 TVKHIB MOPiBHIOBaAM KIiHIYHY IMHAMIKY, Cy0'€KTUBHY OLIiHKY
e(heKTUBHOCTI Ta YacTOTy MOOIUHMX peakxlliii 3 HaHOMIMOCOMATbHOI Ta TPaAuIliiiHO (GopMaMM TPETUHOIHY. V
MAali€HTiB, SIKi OTPUMYBaAM HAHOMINIOCOMAIbHUI TPETUHOIH, CIIOCTePirajiocsl 3HMKeHHS TSODKKOCTI KIIIHIYHOTO akHe
Ha 58,8 %, 110 CBiIUMUTh PO BUITY TeparneBTUUHY eDeKTUBHICTh MOPIBHIHO 3 TPAAUIiiiHOI HOPMOIO, Ie 3HMKEHHS
ctaHoBWMIIO Jiniie 41,7 %. VY 11i# rpyIIi KiIbKiCTb 3aMa/JIbHUX eJIeMEeHTIiB 3MeHIInIacs Ha 64 %, a He3amaJlbHUX eJIEMEeHTIB —
Ha 53,7 %, Toni SIK y KOHTPOJIbHIiM TpyITi BiAOBiAHI MOKa3HUKM cTaHOBMIM 42 % Ta 34,6 %, 110 MiATBEPIKYE 34ATHICTh
HaHo(OpMM BIUIMBATH SIK HAa KOMeJIoreHe3, TaK i Ha 3amanbHi npoiecu. [IOBHOro 3HMKHEHHS 3aMaJbHUX YpaXkeHb 6Yy710
IOCSITHYTO Y 28,3 % MallieHTiB OCHOBHOI TPy, 10 6iNblll HIX yABiUi mepeBMIIyBal0 MOKa3HMUKY Py TPASULIIAHOTO
TpeTuHoiny. Cy6'eKTUBHA OlliHKa eheKTUBHOCTI JTikyBaHHS 6y/a 3HAYHO BMUIOIO cepel; KOpUCTyBadiB HaHodopM (8,1
npotu 6,3 6asiB), IO CBiAUMTH PO Kpally 3a0BOEHICTh pe3yabTaToM. [106iuHi peakiii BUHMKAIM MeHII HIX Y 12 %
YYaCHMKIB OCHOBHOI I'DyIHU, TOAi SIK Y TPYIT TMOPiBHSHHS iX yacToTa TMepeBuInyBasia 25 %, 1[0 CBiJYUTDH MPO BUIILY
JIepMaTONIOTiuHy TTepeHOCUMiCTh HAHOMITIOCOMAaAbHOTO Mpemnapary. OTpMMaHi pe3y/lbTaTi MOKYTb OYTY BUKOPUCTaHI
JIepMaTonoraMim Ijisi OGIPyHTOBAHOIO BMOOpY MiciieBoi Teparii akHe, 30KpeMa IMpu MpU3HAYEHHi cydacHUX Gopm
TPeTMHOIHY MallieHTaM 3 IinepuyTAUBiCTIO KipKu a60 HM3bKOIO ePeHOCUMICTIO 10 TPaAuLiifHMX MpernapariB

KnioyvoBi cnoea: 1mkipa; KoMeIOHM; 3aMajieHHsT; TPeTUHOIH; JIYIeHHS ; TO6iUHa peakilisi; HellepeHOCUMICTb
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Abstract. Hypertension and microalbuminuria (MAU) are independent yet interconnected markers of cardiovascular
and renal dysfunction. While MAU is an early indicator of renal impairment, its relationship with blood pressure (BP)
components, particularly systolic blood pressure (SBP) and pulse pressure (PP), remains underexplored in non-diabetic
hypertensive populations. The purpose of this study was to investigate the independent association between these BP
components and MAU, identify which parameter exhibits a stronger correlation, and enhance the understanding of
early renal dysfunction in hypertension management. For this analytical cross-sectional study was conducted at Hind
Institute of Medical Sciences, Safedabad, Barabanki, Uttar Pradesh, over 12 months, involving 120 hypertensive patients
attending outpatient and inpatient departments. Patients with comorbidities like diabetes mellitus, renal failure, or
overt proteinuria were excluded. BP was measured in two separate readings using a standard sphygmomanometer, and
microalbuminuria was assessed via immunoturbidometric assay. The urine albumin-to-creatinine ratio (ACR) served as
the primary indicator of MAU. SBP and PP demonstrated significant positive correlations with MAU (p=0.25, p=0.032;
p=0.30, p=0.015, respectively), while diastolic BP (DBP) showed a negative yet non-significant association (p =-0.20,
p =0.065). Among anthropometric parameters, body mass index (BMI) and waist-hip ratio exhibited no significant
differences between groups. Urine ACR was markedly higher in the MAU group (182.5 £156.5 mg/L) compared to the
non-MAU group (17.6 + 7.1 mg/L; p < 0.0001). Lipid profiles, fasting blood glucose, and renal function markers like
serum creatinine and blood urea nitrogen were comparable between groups, highlighting BP components as primary
predictors of albuminuria. The strong positive correlations between SBP, PP, and MAU highlighted the need for precise
BP management in non-diabetic hypertensive patients. Regular monitoring and treatment to optimise SBP and PP levels
could mitigate renal damage and reduce cardiovascular risks

Keywords: renal dysfunction; cardiovascular disease; urine albumin-to-creatinine ratio; nephropathy

Suggested Citation:
Thind S, Tiwari ChSh, Tripathi N. Correlation of systolic blood pressure and pulse pressure with albuminuria in patients of hypertension
without diabetes. Bull Med Biol Res. 2025;7(2):80-8. DOI: 10.63341/bmbr/2.2025.80

*Corresponding author

Copyright © The Author(s). This is an open access article distributed under the terms of the
BY

Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)


https://orcid.org/0000-0002-7528-1973
https://orcid.org/0009-0001-6201-0007
https://orcid.org/0000-0002-0565-6602

S. Thind et al.

INTRODUCTION

Hypertension is a major public health concern and a lead-
ing cause of cardiovascular and renal complications. It is
estimated to affect over 1.28 billion adults worldwide and
remains a key risk factor for end-organ damage, particularly
involving the heart, brain, and kidneys [1]. The relationship
between blood pressure components and early markers of
kidney dysfunction, such as microalbuminuria (MAU), has
gained significant attention. Identifying hypertensive pa-
tients with early renal function changes is critical for pre-
venting the progression of chronic kidney disease (CKD).
Systolic blood pressure (SBP) and pulse pressure (PP) have
been suggested as independent predictors of renal damage,
yet their correlation with albuminuria remains underex-
plored in non-diabetic hypertensive patients.

W. Zhang et al. [2] reported that intensive control of
both blood glucose and SBP (<130/80 mmHg) significant-
ly reduced the prevalence of albuminuria in patients with
coexisting diabetes and hypertension, suggesting the role
of SBP in renal protection. Similarly, S. Coskun et al. [3]
found that in patients with isolated systolic and diastolic
hypertension, SBP and left atrial diameter were independ-
ent predictors of microalbuminuria, although PP was not
significant in multivariate analysis. Conversely, L. Liu et
al. [4] conducted a large community-based study in pre-
diabetic individuals and demonstrated a significant pos-
itive association between PP and albuminuria. The high-
est PP quartile showed a more than twofold increase in
the odds of albuminuria compared to the lowest quartile,
independent of antihypertensive treatment and other co-
variates. In another study, J. Sottysiak et al. [5] found that
nocturnal diastolic BP, diastolic load, and non-dipping BP
status were significantly associated with increased uri-
nary albumin excretion in adolescents with type 1 diabe-
tes, pointing to the importance of circadian BP rhythm
and vascular stiffness.

D. Suzuki et al. [6], in their analysis of over 4,000 partic-
ipants in the J-HOP study, found a significant association
between average home SBP and urinary albumin-to-creati-
nine ratio (UACR), regardless of diabetes status. However,
day-to-day BP variability metrics were inconsistently asso-
ciated with albuminuria, with only average real variability
(ARV) of morning SBP showing a significant correlation in
diabetic patients. B.A. Durak et al. [7] further supported this
link in a study utilising ambulatory BP monitoring (ABPM).
They observed that non-dipper and reverse-dipper BP pro-
files, along with elevated 24-hour and nocturnal SBP and
DBP, were strongly associated with proteinuria. This sug-
gests that altered BP patterns and nocturnal hypertension
may accelerate renal microvascular injury in hypertensive
individuals. Moreover, in the context of secondary and re-
sistant hypertension, G.P. Rossi et al. [8] and G. Lamirault et
al. [9] emphasised the need for early identification and tar-
geted treatment of high-risk hypertensive profiles to pre-
vent renal sequelae such as albuminuria. These reviews
highlighted that resistant and secondary hypertension
were often underdiagnosed yet accounted for a significant
portion of patients with progressive renal damage.

Despite these findings, several gaps remain in the lit-
erature. While the association between diabetes and albu-
minuria has been extensively studied, the specific corre-
lation between different blood pressure components and

MAU in non-diabetic hypertensive patients has not been
thoroughly examined. Moreover, existing studies often
focus on broad hypertensive populations without distin-
guishing the independent effects of SBP and PP. The rela-
tive contribution of these parameters to renal dysfunction
remains unclear, necessitating further investigation. The
objective of the present study was to assess the independ-
ent associations between microalbuminuria and blood
pressure components, specifically SBP and PP, after adjust-
ing for potential confounders.

MATERIALS AND METHODS

The present study was conducted at the Department of
Medicine, Hind Institute of Medical Sciences, Safedabad,
Barabanki, Uttar Pradesh, over a period of 12 months,
from May, 2023 to May, 2024. It was designed as an an-
alytical cross-sectional study to evaluate the correlation
between SBP, PP, and albuminuria in hypertensive pa-
tients. The study included patients attending both the
outpatient and inpatient departments. Ethical clearance
was obtained from the Institutional Ethics Committee
(HIMS/THEC/MD/MS/0011/2023), and written informed
consent was obtained from all participants. The study ad-
hered to the ethical principles outlined in the Declaration
of Helsinki [10].

A total of 120 patients diagnosed with hypertension or
undergoing treatment for hypertension, defined as having
SBP >140 mmHg and DBP >90 mmHg, were enrolled in the
study. To maintain the specificity of the study, patients with
confounding conditions such as overt proteinuria, conges-
tive cardiac failure, renal failure, diabetes mellitus, urinary
tract infections, obstructive uropathy, nephrolithiasis, or
pregnancy were excluded. The total study population con-
sisted of 120 hypertensive patients, with 57 participants
in GROUP-NA and 63 in GROUP-MA. The mean age of the
total cohort was 66.07 £ 13.25 years, with the majority of
patients falling within the 60-69 age group (62 out of 120),
followed by 50-59 years (30 patients), and 70-79 years (28
patients). The gender distribution was relatively balanced,
with 63 males and 57 females.

Blood pressure measurements were performed using
a standard sphygmomanometer. Participants were ad-
vised to avoid smoking, tea, and coffee for at least 30 min-
utes prior to measurement to prevent acute fluctuations.
Two BP readings were taken 10 minutes apart in a seated
position, and the higher value was recorded for analysis.
Body mass index (BMI) was calculated using the stand-
ard formula: weight (kg)/height (m?), with both param-
eters measured using calibrated instruments. A detailed
cardiovascular examination was conducted, including
palpation of peripheral pulses — specifically carotid and
femoral arteries — to assess early signs of atherosclerosis.
Fundoscopic examination was performed to evaluate hy-
pertensive retinopathy.

Comprehensive laboratory investigations were con-
ducted to assess renal and metabolic parameters. Routine
urine analysis included albumin, sugar, and sediment eval-
uation. Fasting and postprandial blood glucose levels, se-
rum urea, and creatinine tests were conducted to rule out
underlying metabolic or renal dysfunction. Lipid profiles,
including total cholesterol, low-density lipoprotein (LDL),
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high-density lipoprotein (HDL), and triglycerides, were
measured using an enzymatic colorimetric method to ex-
amine their potential association with microalbuminuria.
Blood urea nitrogen (BUN) was quantified using a kinetic
UV assay to evaluate renal function.

Urine albumin levels were determined using an immu-
noturbidometric assay performed on early morning urine
samples. The urine albumin-to-creatinine ratio (UACR)
was calculated from spot urine samples, with laboratory
analysis completed on the same morning, to ensure con-
sistency and accuracy. All collected data were systematical-
ly recorded in Microsoft Excel and analysed using SPSS ver-
sion 26 (SPSS Inc., Chicago, IL, USA). Continuous variables,
such as SBP, PP, BMI, lipid levels, UACR, and BUN, were pre-
sented as mean * standard deviation (SD). Categorical var-
iables, including gender, smoking status, and hypertensive
retinopathy, were expressed as frequency distributions. To
compare group means for normally distributed continuous
variables, the Student’s t-test was utilised, while categori-
cal variables were analysed using the Chi-square test. The
relationship between blood pressure components (SBP and
PP) and albuminuria was assessed using Spearman’s corre-
lation coefficient. Statistical significance was set at a p-val-
ue <0.05, with values <0.001 considered highly significant.

RESULTS AND DISCUSSION

The age distribution between GROUP-NA and GROUP-MA
did not show any statistically significant differences, as in-
dicated by the p-values of 0.2739 for the categorical age
ranges (50-59, 60-69, 70-79) and 0.1262 for the mean age
comparison. While GROUP-NA had a greater proportion
of younger participants in the 50-59 age range (25 vs 5),
GROUP-MA had a higher representation in the older age
brackets, specifically 60-69 years (40 vs 22) and 70-79 years
(18 vs 10). The mean age in GROUP-MA was slightly high-
er (68.2+8.9 years) than in GROUP-NA (65.5 % 10.3 years).
However, this difference was not statistically significant,
suggesting that age alone was not a confounding factor in
determining differences in clinical outcomes between the
two groups. Gender distribution was also comparable be-
tween the groups, with GROUP-NA consisting of 28 males
and 29 females, while GROUP-MA had 35 males and 28 fe
males. The p-value for gender distribution was 0.7047, fur-
ther confirming no significant difference in gender propor-
tions between the groups. This suggests that any observed
variations in clinical parameters or outcomes are unlikely
to be attributed to differences in age or gender, allowing for
a more focused assessment of hypertension-related factors
and albuminuria levels in both cohorts (Table 1).

Table 1. Demographical profile of the enrolled patients among the groups
Variable GROUP-NA (n=57) GROUP-MA (n = 63) TOTAL (n = 120)
p-value
Age (years)
50-59 25 5 30
X=2.590
60-69 22 40 62 p=0.2739
70-79 10 18 28
. . . . t=1.540
Mean#*SD 65.5%£10.3 68.2+8.9 66.07+13.25 p=0.1262
Gender
X=0.4966
Male 28 35 63 p=0.7047
Female 29 28 57

Source: compiled by the authors

Blood pressure parameters showed that systolic
blood pressure (SBP) was significantly higher in GROUP-
MA (149.6 = 18.4 mmHg) compared to GROUP-NA
(142.9+17.2 mmHg), with a t-value of 2.528 and a p-value
of 0.0057. This indicates that individuals in GROUP-MA
had a greater elevation in SBP, which is a well-established
risk factor for cardiovascular events and renal impair-
ment. The higher SBP in GROUP-MA suggests a potential
association with the presence of microalbuminuria, as in-
creased systolic pressure has been linked to endothelial
dysfunction and glomerular damage, which contribute to
albuminuria. Diastolic blood pressure (DBP) was slight-
ly higher in GROUP-MA (86.3* 11.7 mmHg) compared to
GROUP-NA (85.5 #10.1 mmHg), but this difference was
not statistically significant (t =0.3989, p = 0.6907). The
lack of a significant difference in DBP suggests that el-
evated DBP alone may not be a strong predictor of mi-
croalbuminuria in this study population. However, the
combination of high SBP and widened pulse pressure (PP)

is likely to contribute more to vascular damage and renal
complications than DBP alone.

Pulse pressure (PP), which represents the difference
between SBP and DBP, was also significantly higher in
GROUP-MA (62.3 + 16.2 mmHg) compared to GROUP-NA
(56.1+14.6 mmHg), with a t-value of 1.684 and a p-value of
0.0154. This finding suggests that widened PP, often indic-
ative of arterial stiffness and reduced vascular compliance,
may play a critical role in the pathogenesis of microalbu-
minuria. Elevated PP has been associated with increased
cardiovascular morbidity and mortality, and renal impair-
ment due to increased glomerular pressure fluctuations.
Overall, these findings highlight that GROUP-MA, which
had significantly higher SBP and PP, may be at an elevated
risk for microvascular and renal complications compared to
GROUP-NA. This underscores the importance of early de-
tection and management of elevated SBP and PP in hyper-
tensive patients to prevent the progression of albuminuria
and its associated complications (Fig. 1).
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Figure 1. Graphical representation
of blood pressure parameters

Source: compiled by the authors

Anthropometric measurements showed no signif-
icant differences, with the BMI averaging 25.1 £ 3.7 kg/
m? for GROUP-NA and 25.4 £ 4 kg/m? for GROUP-MA
(p =0.6715). The waist-hip (W-H) ratio was identical for
both groups at 0.92 #0.07 for GROUP-NA and 0.92 = 0.06
for GROUP-MA (p >0.9999). Additionally, the mean dura-
tion until hypertension diagnosis was slightly longer in
GROUP-MA (9.65 *+ 3.88 years) compared to GROUP-NA
(8.63 = 2.71 years), showing non-significant differences
(t=1.653, p=0.1010). The use of antihypertensive medica-
tions was comparable between groups, with 36 participants
in GROUP-NA and 41 in GROUP-MA using Amlodipine
(5 mg), 42 in GROUP-NA and 56 in GROUP-MA using Lo-
sartan (50 mg), and 19 in GROUP-NA and 14 in GROUP-MA
using Hydrochlorothiazide (25 mg). The Chi-square test for

medication distribution yielded a non-significant differ-
ence (p=0.3414)

A number of lifestyle characteristics, including smok-
ing, alcohol intake, and levels of physical exercise, were
likewise comparable amongst the groups. Smoking was re-
ported by 18 participants in GROUP-NA and 21 in GROUP-
MA, while 39 and 42 participants in GROUP-NA and
GROUP-MA, respectively, were non-smokers (p = 0.2049).
Alcohol consumption was reported by 13 participants in
GROUP-NA and 17 in GROUP-MA, while 44 and 46 partic-
ipants, respectively, did not consume alcohol (p=0.5977).
Regular physical activity was noted in 28 participants in
GROUP-NA and 36 in GROUP-MA, while 29 and 37 partic-
ipants in GROUP-NA and GROUP-MA, respectively, were
sedentary (p=0.9826).

Fasting blood glucose (FBG) levels were not signifi-
cantly different between GROUP-NA (5.2%1.1 mmol/L) and
GROUP-MA (5.6 = 1.8 mmol/L, p=0.1497). Urine ACR was
significantly higher in GROUP-MA (182.5 = 156.5 mg/L)
compared to GROUP-NA (17.6 = 7.1 mg/L, p < 0.0001).
Total protein levels were similar between GROUP-NA
(71.52 £ 5.85 mg/L) and GROUP-MA (72.09 * 5.67 mg/L,
p = 0.5890), as were albumin levels (45.51 £ 3.76 mg/L
vs 45.37 £ 3.78 mg/L, p = 0.8394). Creatinine levels were
76 = 24.8 umol/L for GROUP-NA and 79.9 +40.7 umol/L
for GROUP-MA (p = 0.5327), and blood urea nitrogen
(BUN) levels were 5.31 #1.69 mmol/L for GROUP-NA and
5.51 £2.07 mmol/L for GROUP-MA (p = 0.5657), with no
significant differences (Table 2). Lipid profile markers such
TC, TG, LDL-C, and HDL-C were likewise similar between
groups (all p-values >0.05) (Fig. 2).

Table 2. Comparison of the metabolic parameters in enrolled patients among the groups

METABOLIC PARAMETERS | GROUP-NA (n=57) GROUP-MA (n = 63) TOTAL (n = 120) p-value
t=1.450
FBG [mmol/L] 5.2%1.1 5.6+1.8 54%1.5 p=0.1497
; N . N t=7.944
Urine ACR [mg/gm] 17.6%7.1 182.5%£156.5 99.7+135.7 p<0.0001
Total protein [mg/L] 71.52%5.85 72.09%5.67 71.8+5.77 t;f‘ssg‘f)lg
. . . . t=0.2031
Albumin [mg/L] 45.51£3.76 45.37+£3.78 45.44+3.77 p=0.8394
t=0.6258
+ + +
Cr [umol/L] 76+24.8 79.9+40.7 77.5+33.1 p=0.5327
t=0.5761
+ + +
BUN [mmol/L] 5.31£1.69 5.51£2.07 5.41£1.89 p=0.5657
Source: compiled by the authors
- LIPID PROFILE . . ..
400 Correlational analysis revealed that SBP had a signifi-
T cant positive correlation with albuminuria (p=0.25), as did
300 GROUP-NA PP (p=0.30), indicating that increased systolic pressure and
a2 GROUP-MA widened pulse pressure are associated with greater urinary
2 200 I I albumin excretion. This reinforces the idea that SBP and
S PP contribute to endothelial dysfunction and heightened
= 100 | I I glomerular permeability, which can lead to renal damage
= I in hypertensive patients. Conversely, DBP exhibited a neg-
0 . ative but non-significant correlation (p =-0.20), suggesting
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Figure 2. Graphical representation
of lipid profile in enrolled patients
Source: compiled by the authors

that DBP alone may not have a substantial direct impact on
albuminuria. In addition, total protein (p=0.35, p=0.009)
and albumin (p = 0.28) showed significant positive cor-
relations with albuminuria, indicating that variations in
plasma protein levels could influence albumin excretion
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in hypertensive patients. This aligns with the hypothesis
that systemic inflammatory responses and alterations in
endothelial function may be linked to renal impairment.
Other metabolic parameters, including uric acid
(p=-0.12) and fasting blood glucose (FBG) (p=0.08), did not
exhibit significant correlations with albuminuria, suggest-
ing that these factors may not independently contribute
to increased urinary albumin excretion in the studied co-
hort. Similarly, creatinine (p=-0.05) and blood urea nitro-
gen (BUN) (p=0.20) showed non-significant correlations,

indicating that kidney function, as measured by these
markers, was not directly associated with the degree of al-
buminuria in this population. Ultimately, the most signifi-
cant associations were noted for SBP, PP, total protein, and
albumin, highlighting the importance of these parameters
in predicting early renal impairment in hypertensive pa-
tients. These findings support the need for targeted blood
pressure management strategies focusing on reducing SBP
and PP to mitigate the risk of albuminuria and subsequent
renal complications (Table 3).

Table 3. Correlation analysis of the enrolled patients’ parameters with the albuminuria

Parameters vs Albuminuria correlation analysis Spearman’s Rho p-value
SBP vs Albuminuria 0.25 0.032
DBP vs Albuminuria -0.20 0.065
PP vs Albuminuria 0.30 0.015
Uric acid vs Albuminuria -0.12 0.252
FBG vs Albuminuria 0.08 0.421
Total protein vs Albuminuria 0.05 0.529
Albumin vs Albuminuria 0.28 0.026*
Cr vs Albuminuria -0.05 0.654
BUN vs Albuminuria 0.20 0.071

Source: compiled by the authors

CVD risk is increased by arterial hypertension, which
is characterised by high systolic and/or diastolic blood
pressure. A drop in blood pressure reduced cardiovascular
events. MAU is a sensitive and specific diagnostic for ear-
ly renal impairment. MAU is strongly linked to diabetes or
metabolic syndrome. There is insufficient evidence linking
MAU and blood pressure components. After controlling for
possible variables, the present study investigated wheth-
er pulse pressure (PP) and SBP/DBP were independently
linked with MAU. While analysing the correlation between
SBP and microalbuminuria, the present study found that
SBP has a positive correlation with albuminuria (p =0.25,
p=0.032), indicating a significant relationship. DBP shows
a negative but non-significant correlation (p = -0.20,
p=0.065). Pulse pressure (PP) is positively correlated with
albuminuria (p = 0.30, p = 0.015), indicating significance.
Uric acid has a negative and non-significant correlation
(p=-0.12, p=0.252). FBG also shows a non-significant cor-
relation (p=0.08, p=0.421). Total albumin has a significant
positive correlation with albuminuria (p =0.28, p=0.026).
Creatinine (Cr) and blood urea nitrogen (BUN) have
non-significant correlations with albuminuria (p =-0.05,
p=0.654 and p=0.20, p=0.071, respectively). Significant
correlations are noted with SBP, PP, total protein, and albu-
min. J. Song et al. [11] found inconsistent findings on fast-
ing blood glucose (FBG) and albuminuria. S. Yimthiang et
al. [12] found a 5-fold increase in albuminuria risk as blood
glucose levels approached 180 mg/dL. P.K. Chandie Shaw et
al. [13] found no significant correlation between FBG and
albuminuria in South Asian type 2 diabetics. B. Lei et al. [14]
found no indication that lowering blood glucose levels
could prevent albuminuria. There is also controversy about
whether rigorous glycaemic therapy improves albuminu-
ria. In another trial, S.G. Coca et al. [15] found that intense
blood glucose management reduced microalbuminuria and
macroalbuminuria. Intensive glycaemic management did
not significantly slow clinical albuminuria progression.

Conventional and aggressive glycaemic therapy had no
statistically significant longitudinal effect on clinical albu-
minuria progression.

According to K.M. Ahmed Aziz [16], spot urine pro-
tein excretion is 67.5 mg/dL at 150 mmHg SBP. If SBP is
110 mmHg, spot urine protein is 12 mg/dL. A MAP of 110
yields 63 mg/dL spot urine protein. If MAP is 120, spot urine
protein excretion is 81.6 mg/dL. According to the data, pulse
pressure can estimate spot urine protein. Thus, spot urine
protein is 20 mg/dL if PP is 40, which is normal. Spot urine
protein excretion is 82 mg/dL at PP 80. The present study’s
mathematical calculations and connections between blood
pressure and renal protein excretion are noteworthy. These
mathematical formulae estimate kidney protein excretion
under specified blood pressure values to monitor protein-
uria and diabetic kidney disease. Long-term HTN patients
had a greater rate of microalbuminuria than recently diag-
nosed patients, according to K.R. Bhusal et al. [17]. Patients
without controlled blood pressure showed a greater rate of
microalbuminuria.

In the current study, fasting blood glucose (FBG) levels
were comparablebetween GROUP-NA (5.2%1.1 mmol/L) and
GROUP-MA (5.6%1.8 mmol/L), with a p-value of 0.1497, in-
dicating no significant difference. Urine ACR, however, was
significantly elevated in GROUP-MA (182.5 % 156.5 mg/L)
compared to GROUP-NA (17.6 £ 7.1 mg/L), with a p-val-
ue of <0.0001. Total protein (71.52 *# 5.85 mg/L vs
72.09+5.67 mg/L, p=0.5890), albumin (45.51+3.76 mg/L vs
45.37+3.78 mg/L, p=0.8394), creatinine (76 * 24.8 pmol/L
vs 79.9+40.7 umol/L, p=0.5327), and blood urea nitrogen
(5.31%#1.69 mmol/L vs 5.51%2.07 mmol/L, p=0.5657) levels
showed statistically non-significant differences.

While previous studies, such as by K. Thieme & M. Ol-
iveira-Souza[18], found that SBP and PP were independent-
ly associated with MAU after adjusting for confounders,
the current study did not identify such a relationship. An
increase in SBP typically elevates glomerular pressure and
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filtration rate (GFR), potentially causing proteinuria due to
trans-membrane protein leakage, as seen in animal models
with angiotensin Il infusion. E. Lee et al. [19] reported high-
er GFR in MAU patients compared to normoalbuminuric
individuals. Unlike earlier research, this study focused on
newly diagnosed, treatment-naive hypertensive patients,
avoiding medication-related confounding factors. Findings
suggest that PP is a meaningful biomarker for assessing the
renal impact of elevated blood pressure, with SBP and PP
showing comparable sensitivity and specificity for predict-
ing MAU based on ROC analysis.

In this study, SBP demonstrated a significant positive
correlation with albuminuria (p = 0.25,), while diastolic
blood pressure (DBP) had a negative but non-significant
correlation (p=-0.20). Pulse pressure (PP) showed a signif-
icant positive correlation (p =0.30). Uric acid and fasting
blood glucose (FBG) exhibited non-significant correlations
with albuminuria (p=-0.12, and p=0.08 respectively). Sig-
nificant positive correlations were observed for total pro-
tein (p=0.35, p=0.009) and albumin (p =0.28). Creatinine
(Cr) and blood urea nitrogen (BUN) showed non-significant
correlations (p=-0.05, and p =0.20, respectively). Overall,
significant associations were found between albuminuria
and SBP, PP, total protein, and albumin.

According to N. Xie et al. [20], patients with microal-
buminuria (MAU) exhibited greater SBP and PP than those
with normo-albuminuria (p < 0.05), whereas DBP was iden-
tical. Significantly higher serum levels of FBG, total pro-
tein, Cr, BUN, and HDL-C were seen in the MAU group
(p<0.05). Urine ACR was significantly greater in the MAU
group (182.5+156.5 mg vs 17.6+ 7.1 mg, p<0.001). In this
study, systolic blood pressure (SBP) averages were similar
between GROUP-NA (142.9 = 17.2 mmHg) and GROUP-
MA (144.6 = 18.4 mmHg), with no significant difference
(p=0.6032). Diastolic blood pressure (DBP) was also com-
parable, with GROUP-NA at 85.5+#10.1 mmHg and GROUP-
MA at 86.3*11.7 mmHg (p =0.6907). Pulse pressure (PP)
showed no significant difference either, with GROUP-NA
at 56.1£14.6 mmHg and GROUP-MA at 58.3 = 16.2 mmHg
(p=0.4379). Therefore, blood pressure indicators were not
significantly different across groups.

B.J. Kim et al. [21] found that even in prehypertension,
SBP of 120-129 mmHg or DBP of 80-84 mmHg posed a
lower risk than higher thresholds. Y.H. Jung et al. [22] also
noted a higher incidence of albuminuria in patients with
SBP below 150 mmHg compared to those above, suggesting
that elevated SBP affects albuminuria, particularly in pa-
tients not on medication. The researchers concluded that
less stringent controls (SBP <150 mmHg, DBP <90 mmHg)
are appropriate for those over 60 years old, balancing the
risk of cardiovascular disease and albuminuria. Conversely,
S. Bangalore et al. [23] highlighted the benefits of stricter
blood pressure control, noting fewer cardiovascular events
and strokes in adults with SBP <140 mmHg compared to
those with SBP <150 mmHg. In adults without diabetes,
stricter control (SBP <120 mmHg) reduced total mortality
and vascular disease compared to less strict targets (SBP
<140 mmHg).

The discrepancy between the two studies can be inter-
preted in light of their differing patient populations. The
present study evaluated hypertensive individuals without
confirmed ischaemic heart disease, in whom the influence

of smoking and other lifestyle factors on renal microvascu-
lar injury may be less pronounced or more multifactorial.
In contrast, A. Basu & J.S. Jhala [24] highlighted the exacer-
bating effect of smoking on endothelial dysfunction in pa-
tients with established cardiovascular disease, which may
amplify the risk and severity of microalbuminuria. There-
fore, while lifestyle factors did not significantly influence
microalbuminuria status in the present hypertensive co-
hort, they appear to play a more critical role in populations
with advanced atherosclerotic disease. A. Mimarm [25]
made similar observations. However, the present study did
not show any significant difference.

According to A. Basu & J.S. Jhala [24], BMI was catego-
rised as >25 or <25, with 26 cases having BMI >25. Among
these, microalbuminuria was observed in 21 cases (80.76%),
while 5 (19.24%) did not have it. This aligns with the Gubbio
population study by M. Cirillo et al. [26], which also report-
ed an association between high BMI and microalbuminuria.
The study further noted that among controls with BMI >25,
5 out of 10 (50%) had microalbuminuria, showing a signif-
icant association. In the study group of 36 individuals with
BMI >25, 26 (72.22%) were cases, and 10 (27.77%) were con-
trols. Microalbuminuria was observed in 26 participants in
this group, with 21 being cases and 5 controls, suggesting a
higher prevalence of microalbuminuria among cases with
BMI >25. However, non-significant differences, indicating
that microalbuminuria could be an independent risk factor
for ischaemic heart disease (IHD). The chance of microal-
buminuria positivity was higher among cases (26.58%)
compared to controls (0.65%) despite similar BMI values,
emphasising the potential role of microalbuminuria in IHD
risk. In contrast, the current study found no significant dif-
ference in BMI between GROUP-NA (25.1 £ 3.7 kg/m?) and
GROUP-MA (25.4*4 kg/m?, p=0.6715). Similarly, the waist-
hip (W-H) ratio was identical between the groups (0.92+0.07
for GROUP-NA and 0.92+0.06 for GROUP-MA, p >0.9999).
These findings indicate that anthropometric measurements
(BMI and W-H ratio) showed non-significant differences.

In this study, lipid profile parameters show non-sig-
nificant differences between GROUP-NA and GROUP-
MA. Total cholesterol (TC) levels were 193 +40.6 mg/dL
for GROUP-NA and 195.5 £ 43.3 mg/dL for GROUP-MA
(p=0.7455). Triglycerides (TG) levels were 195.1+607.8 mg/
dL for GROUP-NA and 196.8 +160.7 mg/dL for GROUP-MA
(p=0.9464). LDL-C levels were 113.2+31 mg/dL for GROUP-
NA and 111.9 # 31.2 mg/dL for GROUP-MA (p = 0.8193).
High-density lipoprotein cholesterol (HDL-C) levels were
51.1+13.1 mg/dL for GROUP-NA and 52.5* 13.5 mg/dL for
GROUP-MA (p=0.5662). These findings indicate non-sig-
nificant differences in lipid profiles between the two
groups. J.S. Jensen et al. [27] also reported a significant as-
sociation between lipid abnormalities and microalbuminu-
ria, with cases showing higher TC levels (188.54+29.25 mg/
dL) compared to controls (174 #17.90 mg/dL). However, no
significant variations in TC, TG, LDL-C, or HDL-C levels
were found between the two groups in this investigation,
demonstrating diversity between populations.

This study highlighted the significant correlation be-
tween systolic blood pressure (SBP), pulse pressure (PP),
and albuminuria in hypertensive patients without diabe-
tes, suggesting that elevated SBP and widened PP were
key contributors to early renal impairment. The findings
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emphasised that SBP and PP, rather than diastolic blood
pressure (DBP), are stronger predictors of microalbuminu-
ria, likely due to their role in endothelial dysfunction and
glomerular pressure fluctuations. Additionally, the signif-
icant correlation between albuminuria and total protein
levels suggests potential systemic inflammatory or vas-
cular mechanisms contributing to renal damage. These
results underscore the importance of early and aggressive
blood pressure management, particularly targeting SBP
and PP, to mitigate the risk of albuminuria and subsequent
renal complications.

CONCLUSIONS

The findings of this study reinforce the crucial role of
blood pressure regulation in preventing renal and cardio-
vascular complications in hypertensive patients without
diabetes. The significant positive correlation between sys-
tolic blood pressure (SBP), pulse pressure (PP), and albu-
minuria suggests that elevated SBP and widened PP con-
tribute to microvascular damage and increased glomerular
permeability, leading to early renal impairment. Clinically,
this underscores the necessity of stringent blood pres-
sure control strategies, including lifestyle modifications,

regular monitoring, and the use of appropriate antihyper-
tensive therapies to maintain optimal SBP and PP levels.
Effective blood pressure management not only reduces the
risk of albuminuria and slows the progression of chronic
kidney disease but also mitigates the risk of cardiovas-
cular events such as stroke and heart failure, given the
well-established link between hypertension and vascular
dysfunction. Future research should aim to validate and
expand upon the observed statistically significant corre-
lations between albuminuria and systolic blood pressure
(p=0.25, p=0.032), pulse pressure (p=0.30, p=0.015), and
serum albumin (p=0.28, p=0.026), to better elucidate their
predictive value for early renal impairment in hypertensive
patients without diabetes.
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AHoTauif. AprepiasibHa rinmepTeHsis Ta MikpoanbOymiHypis (MAY) € He3aJeXXHUMH, ajle B3a€MOIIOB’SI3aHUMU
MapKepaMy CeplieBO-CyAMHHOI Ta HUpKoBoi mucdyHkiii. Xoua MAY € paHHIM iHAMKATOpPOM ypaskeHHSI HUPOK, ii
3B’SI30K 3 KOMITOHEHTaMM apTepiaabHOro TUcKy (AT), 30KpeMa CUCTOiYHMM apTepiagbHuM TucKoM (CAT) Ta my/IbcOBUM
tuckoM (IIT), 3aNMMUIIAETHCS HELOCTATHBO BMBUEHMM Y IOMYJISINi TilepTeH3UMBHMX TMallieHTiB 6e3 miabery. MeToio
JAaHOTO MOCTIIKEeHHS 6y/I0 BCTAHOBUTY HE3aJIEKHMIA 3B’SI30K MK 1[MMM KoMIioHeHTaMy AT i MAY, BU3HaUUTH, SIKUii 3
mapaMeTpiB Ma€e CUMJIbHIIIY KOPEJISIiio, Ta MOTIMOUTY PO3YMiHHS paHHBOTO HMPKOBOTO YPaskeHHST B KOHTEKCTi BeIeHHS
TMAali€HTiB 3 apTepiajJbHOIO rinmepTeH3i€lo. Lle aHanMiTMYHe NToNepevyHe AOCTiIKeHHSI TPOBOAWIOCS B XiHACbKOMY iHCTUTYTI
MenuuyHuX HayK, Cadenabam, bBapabanki, Yrrap-Ilpazer, mpotsarom 12 micsiris i Bkitouasno 120 maiieHTiB 3 rinepreHsielo,
SIKi 3BepHYIINCS 10 aMOyIaTOPHOTO ab0 CTallioHApHOTO BifmineHb. [TalieHTiB i3 CymyTHIMM 3aXBOPIOBAHHSIMM, TAKUMMU SIK
IIyKPOBMIi TiabeT, HUPKOBA HEIOCTATHICTh a60 SIBHA MPOTeiHypisl, 6Y/I0 BUK/ITIOUEHO. ApTepiaJibHUiI TUCK BUMipHOBaBCSI
IBiui 3a OTIOMOrOI0 CTaHJApPTHOro cdirMoMaHoMeTpa, a MiKpoaabbyMiHypisi BU3HAUYAIACH IMYHOTYPOiIMMETPUUHUM
MerogoM. OCHOBHMM TOKasHMKOM MAY 6yB cmiBBiIHOUIEHHS anbOymiH/KpeatuHiH y cedi (ACR). CAT Ta IIT
MPOJIEMOHCTPYBAIM 3HAUYIY O3UTUBHY Kopessiio 3 MAY (p=0,25, p=0,032; p=0,30, p=0,015 BigmoBigHO), TOmi SIK
nmiacronmiyHmii Tuck (JJAT) MaB HeraTMBHMIA, ajie He3HAUYIIMi 3B’5130K (p =-0,20, p =0,065). Cepen; aHTPOMIOMETPUUHNIX
napametpiB iHgekc macu Tina (IMT) Ta crHiBBigHOIIEHHSI Tasisi/cTerHa He BMUSIBUIM 3HAUYHIMX BiJMiHHOCTEl Mixk
rpynamu. CepepHiit ACR 6yB cyTTeBO BUIIMM Y rpymi 3 MAY (182,5* 156,5 mr/n), Hixk y rpyri 6e3 MAY (17,6 7,1 mr/x;
p <0,0001). TTokazuuku JimigHOro Mpodinio, IIIOKO3M HaTIe Ta GYHKLil HUPOK (CMPOBATKOBMIT KpeaTMHiH, CEUOBMHA)
6y/u MOniGHMMY B 060X TPYIax, M0 MiAKPECTNIO BXKIUBICTh KOMIIOHEHTIB AT SIK OCHOBHMX MTPEOVKTOPIB anbOyMiHypii.
CuibHa mo3uTUBHA Kopesiis Misk CAT, TIT i MAY migkpecinia Heo6XiIHiCTb TOUHOTO KOHTPOIO0 AT y TilepTeH3UBHUX
MalieHTiB 6e3 miabeTy. PeryiasipHUiI MOHITOPMHT i Tepaltisi, CIpsIMOBaHa Ha onTuMmisallito piBHiB CAT i IIT, MOXYTb
JIOTTIOMOTI'TY 3MEHIINTY HUPKOBI YIIKOJKEHHS Ta 3HU3UTHU CepLieBO-CYAUHHI PU3UKU

KnioyvoBi cnoBa: HupKoBa AMCHYHKIIS; ceplieBO-CyoMHHI 3aXBOPIOBAHHS; CIIiBBiITHOIIEHHS albO6yMiH/KpeaTUHiH y ceui;
HedpomnaTis
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