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Metabolic syndrome (MS) is a multifactorial pathological condition characterized by the coexistence of abdom-
inal obesity, insulin resistance, dyslipidemia, arterial hypertension, and chronic low-grade systemic inflammation.
The problem of MS is particularly relevant in middle-aged women due to age-related endocrine changes, accumu-
lation of visceral adipose tissue, and the formation of an unfavorable cardiometabolic profile. The aim of the study
was to perform a comprehensive assessment of anthropometric, metabolic, inflammatory, adipokine, and hemody-
namic parameters in middle-aged women with metabolic syndrome and to determine manifestations of baseline
heterogeneity of the studied condition. Women with MS demonstrated significantly higher body mass, BMI, waist
circumference, total and visceral fat content, glucose, insulin, HbA1c, triglycerides, total cholesterol, CRB, IL-6, TNF-
a, leptin, and arterial blood pressure values compared with healthy women. At the same time, adiponectin levels
were significantly lower. Intragroup analysis revealed the presence of metabolic and inflammatory heterogeneity
among women with MS. The obtained findings confirm the development of systemic cardiometabolic dysregulation
in women with MS and substantiate the feasibility of personalized intervention approaches aimed at correcting in-

sulin resistance, adipose tissue dysfunction, and systemic inflammation.

Key words: metabolic syndrome, middle-aged women, abdominal obesity, insulin resistance, dyslipidemia, sys-
temic inflammation, arterial hypertension, cardiometabolic risk.

Connection of the publication with planned re-
search work.

The study is carried out at the Department of Medi-
cal Biology and Sports Dietetics of the National Universi-
ty of Physical Education and Sport of Ukraine and is part
of the research project for 2023-2027 under topic 2.8.
“Influence of endogenous and exogenous factors on the
course of adaptive reactions of the organism to physical
loads of different intensity” (state registration number
012U108187).

Introduction.

Metabolic syndrome (MS) is a complex multifactorial
pathological condition characterized by the coexistence
of abdominal obesity, insulin resistance, dyslipidemia,
arterial hypertension, and chronic low-grade systemic
inflammation [1, 2, 3, 4]. According to current concepts,
MS is regarded not merely as a combination of risk fac-
tors, but as an integrated cardiometabolic phenotype
resulting from the interaction between impaired insulin
signaling, adipose tissue dysfunction, and immunomet-
abolic mechanisms.

The problem of MS is particularly relevant in mid-
dle-aged women. Age-related endocrine alterations, pri-
marily the decline in estrogen activity, are accompanied
by redistribution of adipose tissue toward the visceral
compartment, reduction in muscle mass, and decreased
metabolic flexibility [5, 6, 7]. These changes contribute
to the progression of dysglycemia, atherogenic dyslipid-
emia, elevated arterial blood pressure, and the forma-
tion of an unfavorable cardiometabolic profile. In MS,
adipose tissue functions as an active endocrine and im-
munometabolic organ [8, 9]. Excessive visceral adiposity
is associated with increased pro-inflammatory activity
and reduced adiponectin levels, thereby contributing
to the progression of insulin resistance, endothelial dys-
function, and atherogenic lipid metabolism disturbances
[9, 10].

At the same time, MS is increasingly considered a
heterogeneous condition. Individuals meeting identical

diagnostic criteria may substantially differ in the severity
of metabolic and inflammatory disturbances, which has
important pathophysiological and clinical implications
[11, 12]. In this context, comprehensive assessment of
the baseline status of women with MS is of particular
importance.

The evaluation of anthropometric, metabolic, in-
flammatory, adipokine, and hemodynamic parameters
allows not only characterization of the profile of distur-
bances but also identification of signs of internal hetero-
geneity within the studied cohort, which determines the
selection of subsequent intervention strategies. There-
fore, comparative analysis of the morphofunctional pro-
file of middle-aged women with metabolic syndrome is
important for expanding current understanding of the
pathophysiology of this condition.

The aim of the study.

To perform a comprehensive assessment of anthro-
pometric, metabolic, inflammatory, adipokine, and he-
modynamic parameters in middle-aged women with
metabolic syndrome compared with healthy women and
to determine manifestations of baseline heterogeneity
of the studied condition.

Object and research methods.

The study was conducted using a comparative
cross-sectional design and represented a fragment of
a comprehensive investigation performed according to
a previously proposed protocol for assessing morpho-
functional and metabolic characteristics of women with
MS [13]. This article presents the baseline stage focused
on the analysis of the pre-intervention status of all par-
ticipants. Such an approach makes it possible to assess
group homogeneity, determine the baseline severity of
metabolic disturbances, and identify justified targets for
further correction.

A total of 49 middle-aged women participated in the
study, with a mean age of 46.6 years. Participants were
divided into two groups: Group 1 included apparently
healthy women without MS (7 participants), whereas
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Group 2 consisted of women with MS (41 participants).
The unequal group sizes were determined by the specif-
ic features of the study design and participant selection
conditions. The control group was formed using stricter
inclusion criteria requiring the absence of clinical and
laboratory signs of metabolic disturbances; therefore,
the number of healthy women meeting these criteria
was limited. At the same time, the size of the main group
reflected the structure of the examined population of
middle-aged women with MS. The statistical methods
applied allowed appropriate comparison of samples
with different sizes.

The study was conducted in accordance with the eth-
ical principles of the Declaration of Helsinki for medical
research involving human participants and with general-
ly accepted bioethical standards for biomedical investi-
gations. The study protocol was reviewed and approved
by the Local Ethics Committee of the National Univer-
sity of Ukraine on Physical Education and Sport (Kyiv,
Ukraine). All participants were thoroughly informed
about the purpose, design, methods, potential benefits,
and possible risks of the study and provided written in-
formed consent prior to participation.

Diagnosis of metabolic syndrome was established
according to generally accepted criteria (NCEP ATP 1l1),
including the presence of abdominal obesity in combi-
nation with at least two of the following parameters: el-
evated triglyceride levels, reduced high-density lipopro-
tein cholesterol concentration, elevated arterial blood
pressure, and impaired carbohydrate metabolism [14].

The inclusion criteria were female sex, age corre-
sponding to the second mature period, absence of
acute diseases at the time of examination, and written
informed consent for participation in the study. Women
in Group 2 met the generally accepted MS criteria, in-
cluding abdominal obesity and associated metabolic dis-
turbances such as impaired carbohydrate metabolism,
dyslipidemia, and/or elevated arterial pressure (AP).

Exclusion criteria included severe somatic or endo-
crine diseases that could substantially affect metabolic
status, as well as the use of pharmacological therapy ca-
pable of influencing the studied parameters.

The comprehensive examination included assess-
ment of anthropometric, metabolic, inflammatory, ad-
ipokine, and hemodynamic parameters. Anthropomet-
ric examination included measurement of height, body
mass, body mass index (BMI), and waist circumference
(WC). BMI was calculated as body mass in kilograms di-
vided by the square of height in meters. Waist circum-
ference was considered a key indicator of abdominal
adiposity and a marker of visceral fat, which plays an
important role in the development of insulin resistance
and cardiometabolic risk. Total body fat percentage and
visceral fat content were also assessed using bioelectri-
cal impedance analysis with a Tanita body composition
analyzer (Tanita Corporation, Tokyo, Japan).

Biochemical parameters were evaluated using ve-
nous blood analysis performed under standard labora-
tory fasting conditions. Parameters of carbohydrate me-
tabolism (glucose, insulin, glycated hemoglobin), lipid
profile (total cholesterol, triglycerides), inflammatory
markers (CRP, IL-6, and TNF-a), and adipokine profile
(leptin and adiponectin) were assessed.

Hemodynamic parameters included systolic and di-
astolic arterial pressure measured at rest after prelim-

inary seated rest. Arterial pressure was considered an
important component of overall cardiometabolic risk.

Statistical processing of the obtained results was
performed using standard methods of variation statis-
tics. Normality of data distribution was assessed using
the Shapiro-Wilk test. Depending on the distribution
characteristics, either parametric or nonparametric tests
were applied for intergroup comparisons. Differences
were considered statistically significant at p<0.05. Data
are presented as M + SD.

Research results and their discussion.

The results of anthropometric profile assessment
in the examined women are presented in table 1. An-
thropometric parameters in women with metabolic syn-
drome demonstrated statistically significant differences
compared with the corresponding parameters in healthy
women of the control group. Body mass in patients with
MS was 61.0% higher (p<0.001), BMI was 60.0% high-
er (p<0.001), and waist circumference exceeded that of
women without signs of metabolic syndrome by 54.3%
(p<0.001).

Table 1 — Baseline parameters of anthropometric,
metabolic, and hemodynamic profiles of the
examined women

Parameter .Group 4 G'f°“" =
(without MS) (with MS)
Body mass, kg 61.29+2.75 98.68+11.54*
Body mass index (BMI), kg/m?| 22.20+0.29 35,53+4.06*
Waist circumference, cm 72.57+2.15 111.9549.91*
Total body fat, % 24.43+0.98 49.67+3.88*
Visceral fat content, % 4.43+0.53 15.45+2.24*
Fasting glucose, mmol/L 5.11+0.20 6.35+0.50*
Insulin, pIU/mL 6.86+0.78 28.38+8.60*
HbAlc, % 5.21+0.08 6.23+0.32*
HOMA-IR index, a.u. 1.56+0.21 8.09+2.82%*
Triglycerides, mmol/L 1.04+0.10 2.79+0.56*
Total cholesterol, mmol/L 5.21+0.22 6.19+0.43*
CRP, mg/L 1.67+0.76 6.08+1.67*
IL-6, pg/mL 1.30+0.22 10.43+2.26*
TNF-a, pg/mL 2.66+0.31 15.28+2.03*
Leptin, ng/mL 15.29+1.70 78.52+19.26*
Adiponectin, pg/mL 11.27+0.56 4.84+0.74*
Systolic BP, mmHg 115.2944.12 | 149.12+20.08*
Diastolic BP, mmHg 74.00+2.58 | 100.10+20.69*

Notes: * — difference is statistically significant compared with Group

1, p<0.001.

Analysis of body composition parameters demon-
strated pronounced alterations in the adipose tissue
component in women with MS compared with healthy
women of Group 1. Total body fat content in women
with MS was 103.3% higher (p<0.001), whereas vis-
ceral fat content exceeded the corresponding value of
the control group by 248.8% (p<0.01). The obtained
results indicate the development in women with met-
abolic syndrome not only of general obesity but also of
pronounced visceral adiposity, which has the greatest
pathophysiological significance in the development of
insulin resistance, chronic low-grade systemic inflamma-
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tion, and cardiometabolic dysfunction. Excessive accu-
mulation of visceral adipose tissue is considered one of
the key mechanisms underlying the progression of MS,
since this type of adipose tissue is characterized by high
endocrine and pro-inflammatory activity.

Analysis of carbohydrate metabolism parameters
demonstrated substantial disturbances in glycemic con-
trol and pronounced insulin resistance in women with
MS. Fasting glucose levels in Group 2 patients were
24.3% higher compared with healthy women (p<0.001).
Insulin concentration in women with MS exceeded the
corresponding control value by 313.7% (p<0.001), indi-
cating the development of pronounced compensatory
hyperinsulinemia. Glycated hemoglobin levels were also
significantly higher in women with MS, exceeding con-
trol values by 19.6% (p<0.001). Calculation of the HO-
MA-IR insulin resistance index demonstrated the pres-
ence of pronounced impairments in peripheral tissue
insulin sensitivity in women with metabolic syndrome.
HOMA-IR values in women of Group 2 were 413.5%
higher (p < 0.001) compared with women without signs
of metabolic syndrome. Thus, the obtained indicators of
carbohydrate metabolism reflect the presence of chron-
ic dysglycemia, compensatory hyperinsulinemia, and re-
duced peripheral tissue sensitivity to insulin in women
with MS. The marked elevation of HOMA-IR confirms the
central role of impaired insulin signaling in the patho-
genesis of metabolic syndrome and reflects reduced
efficiency of peripheral glucose uptake by tissues. The
identified alterations may be associated with excessive
accumulation of visceral adipose tissue, chronic low-
grade systemic inflammation, and adipokine imbalance
characteristic of cardiometabolic dysregulation in MS.

Lipid profile parameters in women with MS demon-
strated a pronounced atherogenic pattern. Triglyceride
levels in the MS group were 168.3% higher compared
with healthy women (p<0.001). Total cholesterol con-
centration also significantly exceeded the values ob-
served in the control group by 18.8% (p<0.001). These
alterations indicate the development of an atherogenic
type of dyslipidemia associated with an increased risk
of atherosclerotic lesions and cardiovascular complica-
tions.

Assessment of systemic inflammatory markers
demonstrated pronounced activation of pro-inflamma-
tory mechanisms in women with MS. C-reactive protein
levels in Group 2 patients were 264.1% higher compared
with healthy women (p<0.001). IL-6 concentration ex-
ceeded control values by 702.3% (p<0.001), whereas
TNF-a levels were 474.4% higher (p<0.001). The detect-
ed changes confirm the presence of chronic low-grade
systemic inflammation in women of Group 2, which
plays an important role in the pathogenesis of MS and
progression of metabolic and vascular disturbances.

Women in Group 2 also demonstrated a pronounced
adipokine imbalance. Leptin concentration in women
with MS was 413.5% higher compared with healthy
women (p<0.001). At the same time, adiponectin lev-
els in women with MS were 57.1% lower than those in
the control group (p<0.001). Such adipokine imbalance
indicates impaired endocrine function of adipose tissue
and may be regarded as one of the leading mechanisms
underlying insulin resistance, chronic inflammation, and
cardiometabolic dysfunction.

Hemodynamic parameters in women with MS were
also characterized by significant elevation compared
with the control group. Systolic arterial pressure in pa-
tients with MS was 29.3% higher (p<0.001), whereas
diastolic arterial pressure exceeded Group 1 values by
35.3% (p<0.001). Elevated arterial pressure in women
with MS may be associated with endothelial dysfunc-
tion, increased sympathoadrenal system tone, impaired
vascular reactivity, and chronic activation of pro-inflam-
matory mechanisms.

The results of the present study indicate the forma-
tion in women with MS of a complex cardiometabolic
phenotype characterized by the coexistence of abdom-
inal obesity, disturbances in carbohydrate and lipid me-
tabolism, chronic low-grade systemic inflammation, ad-
ipokine imbalance, and hemodynamic dysfunction. The
identified alterations are consistent with current con-
cepts of metabolic syndrome as a multifactorial patho-
logical condition based on complex interactions among
metabolic, endocrine, vascular, and other mechanisms.

The pronounced increase in body mass, BMI, and
waist circumference in women with MS confirms the
leading role of abdominal obesity in the pathogenesis
of the studied condition. Visceral adipose tissue is re-
garded not only as an energy depot but also as a meta-
bolically active endocrine organ capable of producing a
wide range of biologically active compounds, including
pro-inflammatory cytokines and adipokines. Therefore,
increased waist circumference is associated with high
cardiometabolic risk and progression of metabolic dys-
function.

The identified disturbances in carbohydrate metab-
olism confirm the central role of insulin resistance in
the development of MS. Elevated insulin concentration
accompanied by increased fasting glucose and HbAlc
levels indicates the development of compensatory hy-
perinsulinemia in response to reduced peripheral tissue
sensitivity to insulin. One of the key mechanisms under-
lying these changes may be reduced metabolic activity
of skeletal muscles combined with excessive visceral fat
accumulation.

Lipid profile disturbances in women with MS were
characterized by the development of atherogenic dys-
lipidemia manifested by elevated triglyceride and total
cholesterol concentrations. Such changes may result
from impaired hepatic lipid metabolism, increased syn-
thesis of very low-density lipoproteins, and reduced
efficiency of peripheral triglyceride clearance. In combi-
nation with insulin resistance and arterial hypertension,
this forms an unfavorable cardiometabolic profile with a
high risk of cardiovascular complications.

Particularly important pathophysiological signifi-
cance is attributed to the identified elevation of sys-
temic inflammatory markers. Increased CRP, IL-6, and
TNF-a levels confirm activation of chronic low-grade
inflammatory processes, which are regarded as one of
the key mechanisms underlying MS progression. Pro-in-
flammatory cytokines are capable of impairing insulin
signaling, aggravating insulin resistance, and promoting
endothelial dysfunction and vascular damage. The iden-
tified adipokine imbalance has important pathogenet-
ic significance. Elevated leptin concentrations indicate
the development of leptin resistance, whereas reduced
adiponectin levels are associated with diminished insu-
lin-sensitizing, antiatherogenic, and anti-inflammatory
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effects. The obtained results confirm
that adipose tissue dysfunction is one

Table 2 — Phenotypic profiles of subgroups
of women with metabolic syndrome

of the key mechanisms underlying pro- MS . T Conditional
gression of metabolic, vascular distur- | subgroup e phenotype
bances in women YVIth MS'_ . Subsroup 1 Elevated levels of CRP, TNF-a, and diastolic blood Inflammatory-
Elevated systolic and diastolic arte- (n=1g1) P2 | pressure; signs of chronic low-grade systemic h ertensivey
rial pressure in women with MS may be inflammation and hemodynamic dysregulation YP
associated with activation of the renin— Subgroun 2 Relatively lower severity of metabolic, inflammatory, Metabolicall
angiotensin—aldosterone system, endo- (n—1gz) P<land hemodynamic disturbances; lower levels of com ensatez
thelial dysfunction, and chronic pro-in- - visceral adiposity and pro-inflammatory markers P
flammatory status. The combination of Subgroup 3 Elevated body weight, BMI, insulin, HOMA-IR, leptin, Insulin-resistant
the identified changes indicates the de- (n-lgl) P31 and visceral fat levels; predominance of insulin obesit
velopment of systemic cardiometabolic B resistance and adipose tissue dysfunction v
dysregulation, substantially increasing |subgroup 4 | GO 08T TR O FERAIEES FEETTE L | severe
the risk of cardiovascular and metabol- | (n=8) hypertension, and adipokine imbalance cardiometabolic

ic complications in women with MS.

The obtained findings demonstrate
that middle-aged women with MS de-
velop a systemic cardiometabolic phe-
notype including simultaneous disturbances in anthro-
pometric, carbohydrate metabolic, lipid, inflammatory,
adipokine, and hemodynamic profiles. Such multimodal
dysregulation corresponds to the current concept of MS
as an integrated pathological condition based on inter-
connected mechanisms of insulin resistance, adipose
tissue dysfunction, systemic inflammation, and vascular
dysregulation [15, 16, 17].

At the same time, an intragroup analysis of the mea-
sured parameters in women of Group 2 was conducted,
which allowed identification of signs of internal mor-
phofunctional and metabolic heterogeneity within the
cohort of women with MS itself. Further analysis was
aimed at assessing the degree of heterogeneity of an-
thropometric, metabolic, inflammatory, and hemody-
namic parameters among separate groups of women
with MS. The results obtained are presented in table 2.

A key finding was that women with MS did not dif-
fer significantly from each other in body mass (p=0.203),
BMI (p=0.1327), HbAlc (p=0.370), leptin (p=0.213),
systolic arterial pressure (p=0.146), or diastolic arterial
pressure (p=0.054). This finding is important for further
intervention analysis, as it indicates relative compa-
rability of women with MS in terms of anthropomet-
ric and hemodynamic parameters. At the same time,
the presence of statistically significant differences in
blood glucose (p=0.008), insulin (p=0.005), triglycerides
(p=0.018), total cholesterol (p=0.001), CRP (p=0.004),
IL-6 (p=0.045), and adiponectin (p=0.004) indicates met-
abolic and inflammatory heterogeneity even within the
cohort of women with MS. This is consistent with the
concept of MS as a spectrum of conditions rather than a
unified clinical category. High insulin and glucose levels
in women of Group 2 confirm the central role of insu-
lin resistance in MS development. Skeletal muscles are
among the primary organs responsible for insulin-de-
pendent glucose uptake; therefore, reduced muscular
metabolic activity, sedentary lifestyle, and excessive
adiposity may aggravate hyperinsulinemia and dysglyce-
mia [18, 19, 20]. Consequently, interventions aimed at
increasing muscle activity and preserving or increasing
muscle mass in individuals with MS have a clear patho-
physiological rationale.

Elevated triglyceride and total cholesterol levels re-
flect the atherogenic nature of dyslipidemia in MS. Such
a profile may be associated with impaired hepatic lipid

Notes: the presented profiles represent conditional metabolic-inflammatory variants
of cardiometabolic dysregulation formed on the basis of the predominance of specific
anthropometric, metabolic, inflammatory, adipokine, and hemodynamic disturbances.

metabolism, increased production of very low-densi-
ty lipoproteins, and reduced efficiency of peripheral
triglyceride clearance. In combination with abdominal
obesity and inflammation, this further increases cardio-
vascular risk [21]. Particularly important is the identified
inflammatory imbalance. Elevated CRP and IL-6 levels in
MS groups indicate the presence of chronic low-grade
inflammation. Under such conditions, visceral adipose
tissue functions as an immunometabolic organ pro-
ducing pro-inflammatory cytokines and contributing to
impaired insulin signaling [15, 17]. Although TNF-a did
not reach statistical significance between MS groups
(p=0.056), its marked elevation compared with the
healthy group confirms the involvement of pro-inflam-
matory mechanisms in the pathogenesis of the studied
condition.

Our findings obtained from the comparative analy-
sis of baseline anthropometric, metabolic, inflammato-
ry, adipokine, and hemodynamic parameters in women
with metabolic syndrome indicate the presence of pro-
nounced intragroup phenotypic heterogeneity within
the studied cohort. Despite all examined women meet-
ing the general diagnostic criteria for MS, substantial dif-
ferences were identified in the predominance of specific
pathophysiological mechanisms underlying cardiometa-
bolic dysregulation. The performed analysis allowed the
identification of several phenotypic variants of MS char-
acterized by different combinations of adipose tissue
dysfunction, insulin resistance, systemic inflammation,
and hemodynamic disturbances.

Women of Subgroup 1 predominantly demonstrat-
ed signs of chronic low-grade systemic inflammation
and hemodynamic dysregulation manifested by elevat-
ed CRP, TNF-a, and blood pressure levels. Such a com-
bination of alterations indicates the predominance of
pro-inflammatory and vascular mechanisms within the
structure of cardiometabolic disturbances and allows
this variant to be characterized as an inflammatory-hy-
pertensive phenotype of MS. The formation of this phe-
notype may be associated with activation of pro-inflam-
matory signaling pathways, endothelial dysfunction, and
increased sympathetic-adrenal system activity.

Women of Subgroup 2 were characterized by a rela-
tively lower severity of metabolic, inflammatory, and he-
modynamic disturbances compared with the other MS
subgroups. They demonstrated lower levels of visceral
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adiposity, systemic inflammation, and blood pressure,
which may indicate the formation of a more compensat-
ed variant of metabolic syndrome. Such a metabolically
compensated phenotype is likely characterized by a less
pronounced degree of cardiometabolic dysregulation
and relatively preserved adaptive capacities of the or-
ganism.

In women of Subgroup 3, manifestations of insulin
resistance and adipose tissue dysfunction predominat-
ed. This phenotype was characterized by the highest val-
ues of body weight, BMI, visceral fat, insulin, HOMA-IR,
and leptin. The identified alterations indicate the leading
role of excessive adipose tissue accumulation, hyperlep-
tinemia, and impaired peripheral insulin sensitivity in
the development of cardiometabolic disturbances. This
variant corresponds to the insulin-resistant obesity phe-
notype of MS and is characterized by the predominance
of metabolic mechanisms underlying MS progression.

The most pronounced disturbances were observed
in women of Subgroup 4, in whom dysglycemia, ath-
erogenic dyslipidemia, chronic low-grade systemic in-
flammation, adipokine imbalance, and arterial hyper-
tension were simultaneously present. This subgroup
demonstrated the highest levels of glucose, HbAlc, tri-
glycerides, total cholesterol, CRP, IL-6, TNF-a, and blood
pressure, as well as the lowest adiponectin concentra-
tions. The combination of these alterations indicates
the formation of a severe cardiometabolic phenotype of
MS characterized by maximal severity of systemic car-
diometabolic dysregulation and the most unfavorable
prognosis regarding vascular and metabolic complica-
tions.

The obtained findings support contemporary con-
cepts of metabolic syndrome as a heterogeneous
pathological condition characterized by different patho-
physiological patterns of development. The identified
phenotypic heterogeneity substantiates the feasibility of
applying personalized intervention approaches aimed at
correcting the dominant mechanisms of cardiometabol-
ic dysregulation in women with MS.

The planned further intervention approaches in this
study [13] have a clear pathophysiological rationale and
target the key mechanisms underlying MS development.
Resistance exercise is justified by its ability to improve
skeletal muscle function as the main peripheral organ
responsible for glucose utilization. Regular resistance
training may normalize hemodynamic parameters, in-
crease insulin sensitivity, contribute to preservation or
increase of lean body mass, elevate energy expenditure,
and reduce fat mass [22, 23, 24].

In the context of the obtained data, particularly el-
evated insulin levels in MS groups, such an approach
appears especially appropriate. Combined aerobic-resis-
tance training possesses the greatest universal potential,
as it simultaneously affects muscular, vascular, lipid, and
glycemic components of MS. The aerobic component of
exercise improves cardiorespiratory endurance [24, 25],
enhances fatty acid oxidation, reduces triglyceride lev-
els, and contributes to arterial pressure control, where-
as the resistance component supports muscle mass and
improves insulin sensitivity. Considering the elevated
triglycerides, glucose, insulin, and arterial pressure ob-
served in women with MS in this study, the combined
approach has a clear rationale [20, 26].

Dietary therapy is a fundamental component of MS
correction because it influences energy balance, ex-
cessive body mass, glycemic load, lipid profile, and in-
flammatory status. A diet with controlled caloric intake,
adequate protein content, increased dietary fiber, pre-
dominance of unsaturated fatty acids, and restriction
of rapidly digestible carbohydrates, with emphasis on
foods containing inulin, polyphenols, resistant starch,
and probiotics, may contribute to reduction of visceral
fat, decreased postprandial glycemia, improvement of
triglyceride levels, and attenuation of the pro-inflam-
matory background [21, 27, 28]. Given the reduced ad-
iponectin levels and elevated inflammatory markers in
MS groups, specialized dietary therapy appears patho-
genetically justified [28, 29].

Thus, each of the three intervention models has its
own pathophysiological target: resistance exercise —
muscle mass and insulin sensitivity; combined training
— integrated cardiometabolic risk; dietary therapy — en-
ergy balance, glycemic control, and inflammatory status.
This allows expectation that the proposed interventions
will have high practical and scientific significance.

Conclusions.

1. Middle-aged women with metabolic syndrome
demonstrated pronounced anthropometric, metabolic,
inflammatory, adipokine, and hemodynamic disturbanc-
es compared with apparently healthy women, indicating
the development of systemic cardiometabolic dysregu-
lation.

2. Women with metabolic syndrome were charac-
terized by significantly higher body mass, BMI, waist cir-
cumference, total and visceral fat mass, glucose, insulin,
HbAlc, HOMA-IR, triglycerides, total cholesterol, CRP,
IL-6, TNF-a, leptin, and arterial blood pressure levels,
as well as lower adiponectin concentrations, reflecting
the coexistence of abdominal obesity, insulin resistance,
dyslipidemia, and systemic inflammation.

3. The obtained findings confirm the heterogeneity
of metabolic syndrome, as women with MS demonstrat-
ed substantial variability in metabolic and inflammatory
parameters, particularly glucose, insulin, triglycerides,
total cholesterol, CRP, IL-6, and adiponectin levels.

4. Intragroup analysis allowed the identification of
conditional phenotypic variants of MS characterized by
the predominance of inflammatory, hemodynamic, ad-
ipose-metabolic, or severe cardiometabolic disturbanc-
es, confirming the multifactorial nature of cardiometa-
bolic dysregulation in MS.

5. The identified baseline heterogeneity substan-
tiates the feasibility of applying personalized interven-
tion approaches aimed at correcting insulin resistance,
visceral adiposity, systemic inflammation, and vascular
dysfunction.

Prospects for further research.

They involve studying the dynamics of anthropo-
metric, metabolic, inflammatory, adipokine, and he-
modynamic parameters in middle-aged women with
metabolic syndrome under the influence of various in-
tervention models. Of particular interest is evaluation of
the effectiveness of resistance exercise, combined aero-
bic-resistance training, and specialized dietary therapy
in correcting insulin resistance, dyslipidemia, systemic
inflammation, and adipose tissue dysfunction. Further
promising directions include investigation of relation-
ships between visceral adiposity, cardiometabolic risk,
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and pro-inflammatory activity, as well as identification biomarkers by including indicators of endothelial dys-
of predictors of differential responsiveness to interven- function, oxidative stress, and gut microbiome charac-
tion strategies. Expansion of the spectrum of studied teristics also appears appropriate.
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BUXIAHA TETEPOTEHHICTb METABO/IIYHOIO CUHAPOMY Y XKIHOK APYroro 3rPiJioro BiKy: KOMMNJIEKCHA
JOIHTEPBEHL|IMHA OLIIHKA

YcrimeHKo f. O., Jlyk’aHuesa I. B.

Pe3stome. BikoBi eHAOKPWHHI Ta meTabosiuHi 3MiHW y XKiIHOK Apyroro 3pifioro BiKy CynpoBOAKYOTbCA HAKoMU-
YEHHAM BiCLEpPaNbHOI XMPOBOI TKAHWHU, PO3BUTKOM iHCYNIHOPE3UCTEHTHOCTI, XPOHIYHOrO HMU3bKOIHTEHCUBHOIO
CUCTEMHOrO 3ananeHHA Ta NiABULLEHHAM KapaiomeTaboniyHoro pusmKy. Y cy4acHMUX HAyYKOBUX YABNEHHAX MeTa-
6ONIYHUI CUHAPOM PO3INIALAETLCA SIK TETEPOreHHUI NaTONONYHUI CTaH i3 Pi3HMMM BapiaHTamM MmeTabonivyHoi Ta
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3ananbHoi gucperynauii. MeToto poboTn Byna KOMMIEKCHa OLiHKa aHTPOMOMETPUYHMX, MeTabONIYHMX, 3ananbHUX,
aAUNOKIHOBMX Ta reMOAMHAMIYHMX MOKA3HUKIB Y *KIHOK ApYyroro 3pinoro BiKy 3 MeTaboniyHMM CUHAPOMOM Ta BU-
3HaYeHHA NPOoABIB BMUXIiAHOI reTeporeHHOCTi A0CNIAXKYBAHOIO CTaHy. Y AOCNIAXKEHHI B3AIM y4acTb MPAKTUYHO 340-
pOBi XiHKK 6e3 meTaboniuHoro cuHgpomy (n=7) Ta *iHkn 3 MC (n=41). OuiHOBaN aHTPONOMETPUYHI MOKA3HUKM,
KOMNOHEHTHWI CKAaA, TiNa, NapaMeTpu BYrneBOLHOrO Ta NinigHOro 06MiHy, MapKepu CUCTEMHOTO 3anasieHHs, agu-
NnokKiHoBMI Npodinb i remogMHaMiUHi XapaKTePUCTUKM. BcTaHOBEHO, WO *KiHKM 3 MC xapaKTepu3yBaaucs 40CTOBIp-
HO BULLMMM NOKA3HMKaMKM macu Tina, IMT, OKpy»KHOCTi *KMBOTA, 3ara/ibHOI Ta BicL,epa/ibHOT XKMPOBOI Macw, INOKO3MU,
iHcyniHy, HbAlc, HOMA-IR, Tpurniuepwuais, 3aranbHoro xonecrepuny, CRP, IL-6, TNF-a, nenTuHy Ta apTepianbHOro
TUCKY, @ TAKOX HUXUYMM PiBHEM aAUMOHEKTUHY MOPIBHAHO 3i 340POBMMMU KiHKaMW. BHYTPiWHbOrPynoBuiA aHani3
[,03BO/IMB BCTAHOBUTM HAABHICTb MeTabonivyHOT Ta 3ananbHOI reTepOreHHOCTi Y MeXKax KOropTu iHOK i3 MC Ta Bu-
AinUTU yMOBHI GEeHOTUMNOBI BapiaHTX: 3ananbHO-TiNepPTeH3NUBHUN, MeTaboNiYHO-KOMMNEHCOBaAHWI, iHCyNiHOpe3nuc-
TEHTHO-OXMPINWI Ta KapaiomeTaboniyHo-g4eKomneHcoBaHWK. OTPUMaHI pe3yabTaTh NiATBEPAKYIOTb GOpMyBaHHSA
CUCTeMHOI KapaiomeTtaboniuHoi gucperynauii npu MC Ta 06rpyHTOBYIOTb A0L,i/IbHICTb 3aCTOCYBaHHA NepcoHaniso-
BaHWUX iHTEPBEHLIMHMX NiAXOAIB 3a/1€3KHO Bif, LOMiIHYHOUYMX MEXAHI3MIB KapaiomeTaboiuHMX NOPYLLEHb.

KntouoBi cnoBa: meTaboniyHUM CUHAPOM; XKiHKM APYroro 3pinoro Biky; abaomiHaibHeE OXKWUPIHHA; iHCYNiHOpe-
3UCTEHTHICTb; ANCAINIAEMIA; CUCTEMHE 3aMa/ieHHA; apTepiasibHa rinepTeHsin; KapaiomeTaboniyHNn pUsKnK.

BASELINE HETEROGENEITY OF METABOLIC SYNDROME IN MIDDLE-AGED WOMEN: A COMPREHENSIVE PRE-
INTERVENTION ASSESSMENT

Ustimenko Ya. O., Lukyantseva H. V.

Abstract. Age-related endocrine and metabolic changes in middle-aged women are accompanied by the
accumulation of visceral adipose tissue, the development of insulin resistance, chronic low-grade systemic
inflammation, and increased cardiometabolic risk. According to current scientific concepts, metabolic syndrome
is considered a heterogeneous pathological condition characterized by different variants of metabolic and
inflammatory dysregulation. The aim of the study was to perform a comprehensive assessment of anthropometric,
metabolic, inflammatory, adipokine, and hemodynamic parameters in middle-aged women with metabolic syndrome
and to identify manifestations of baseline heterogeneity of the studied condition. The study involved apparently
healthy women without metabolic syndrome (n=7) and women with MS (n=41). Anthropometric parameters, body
composition, carbohydrate and lipid metabolism indicators, systemic inflammatory markers, adipokine profile, and
hemodynamic characteristics were assessed. Women with MS demonstrated significantly higher body mass, BMI,
waist circumference, total and visceral fat content, glucose, insulin, HbAlc, HOMA-IR, triglycerides, total cholesterol,
CRP, IL-6, TNF-a, leptin, and arterial blood pressure levels, as well as lower adiponectin concentrations compared
with healthy women. Intragroup analysis revealed the presence of metabolic and inflammatory heterogeneity within
the cohort of women with MS and allowed identification of conditional phenotypic variants, including inflammatory-
hypertensive, metabolically compensated, insulin-resistant obese, and cardiometabolically decompensated
phenotypes. The obtained findings confirm the development of systemic cardiometabolic dysregulation in MS
and substantiate the feasibility of applying personalized intervention approaches depending on the dominant
mechanisms of cardiometabolic disturbances.

Key words: metabolic syndrome, middle-aged women, abdominal obesity, insulin resistance, dyslipidemia,
systemic inflammation, arterial hypertension, cardiometabolic risk.
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