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Abstract.

Cardiovascular disease remains the leading cause of death worldwide, largely due to unhealthy diet, obesity, and associated
metabolic disorders. Formulating specialized food products incorporating milk fat replacers could help reduce these risks.
Forty patients from the personalized diet therapy department were recruited for the study and randomized into two groups.
The study group (n = 20) received a low-calorie diet fortified with a specialized preventative product, while the control
group (n = 20) received an unfortified diet. The diagnostic tests included a clinical examination (medical history, physical
examination, and anthropometric measurements such as body mass index, blood pressure, and heart rate), laboratory tests
(clinical and biochemical blood tests, analyses of the lipid profile, carbohydrate metabolism, vitamin status, and antioxidant
activity), instrumental methods (bioimpedance analysis, indirect calorimetry), as well as diet analysis, protein metabolism
analysis, sensory evaluation, and monitoring of side effects. Statistical analysis was performed in StatTech v.3.0.4.
Fortifying the diet with the specialized product resulted in a significant reduction in total cholesterol (by 13.5%), low-density
lipoprotein cholesterol (by 12.1%), and fat mass (by 1.5%) with preserved muscle tissue. Significant improvements in meta-
bolic parameters included a 13.0% decrease in homocysteine levels, lower oxidative stress (malonaldehyde down by 31.9%),
and a 58.3% increase in vitamin B ,. The administration of this diet therapy was not associated with the development of any
adverse reactions.

The specialized preventative product manufactured using cheese technology can be recommended for use in preventative
nutrition to reduce cardiovascular risks.

Keywords. Milk fat replacers, dyslipidemia, bioimpedance analysis, cardioprotection, antiatherogenic
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AHHOTAIHS.

CepaeyHo-COCYAUCTHIEC 3a00JIEBaHUS OCTAIOTCS BeMylIel MPHIMHON CMEPTH B MHpPE, BO MHOTOM H3-32 PACIPOCTPAHEHHOCTH HE3-
JIOPOBOTO MUTAHUSI, 0XKUPEHHUS U COIMyTCTBYIOMNX METabOIMIeCKUX HapyIIeHHH. Pa3paboTka crieruanu3upoBaHHBIX MHIIEBBIX
MPOJYKTOB, BKIFOUAIONIUX 3aMEHUTEIH MOJIOYHOTO JKHPA, MOXKET CIOCOOCTBOBATh CHI)KEHHIO 3THX PHCKOB.

B uccnenosanue Bkiroumiu 40 malueHTOB OTAEICHUS IEPCOHATM3UPOBAaHHON UETOTepanuy, paHJOMU3UPOBAaHHBIX Ha JIBE COIIOCTA-
BUMBIe rpynmsl: ocHoBHas (O, n = 20) nosyyana crienuaau3upoBaHHBIN IPOAYKT ISl AUSTHYECKOTO IPOPHIAKTHIECKOTO U TAHUS
B JIOTIOJTHEHHE K HU3KOKAJIOpHHHOH iiete, KoHTpoibHas (K[, n = 20) — Tonbko quety. JInarHocTHYecKrii KOMIIEKC BKITIOYal KIIMHAYeC-
Koe oOcetoBanue (aHaMHe3, 0cMOoTp, anTpornomerpuio ¢ UMT, AJl, YCC), nabopaTopHble aHATH3EI (KITHHIIECKHH 1 OHOXUMIYECKHI
QHAJIN3BI KPOBH C OL[EHKOH JINITMAHOTO IPOGHIIS, yIIEBOJIHOT0 00MEHa, BATAMIHHOTO CTaTyCca M aHTHOKCHIAHTHOW aKTHBHOCTH), HHCTPY-
MEHTaJIbHbIe METObI (OMOMMIIETAHCOMETPHIO, HETIPSIMYIO KaJIOPUMETPHIO), aHAIN3 PAIlFiOHa, UCCIIeI0BaHHe OelIKOBOro oOMeHa,
OPraHoJICTITHYECKYIO OLIEHKY U MOHUTOPHHT T0004HBIX 3 dexroB. CTaTucTrdeckuii aHaau3 BeimonHsn B StatTech v.3.0.4.
HccenenoBanue 1mokasalo, 4To BKIIOYEHHE CIIEHUATU3UPOBAHHOTO MPOJYKTA B JIUETY 00ECIEUMIO 3HAYMMOE CHIDKCHHE OOLIEero
xosectepuHa Ha 13,5 % u xonectepuna JIITHIT na 12,1 %, a Taxoke yMeHbIIEHUE ) KUPOBOM Macchl Ha 1,5 % npu coXxpaHEeHUH MbIIIeY-
HOU TKaHH. OTMEYEHO CYIIECTBEHHOE YITydIIeHHE MeTaOOIMIECKHX ITOKa3aTeNlel: CHIDKCHNEe ypoBHs roMonucTerHa Ha 13,0 %,
YMEHBIICHHE OKMCIUTENIBHOTO CTpecca (MaJIOHOBBIA albJerk CHU3MICA Ha 31,9 %) n moBblenyne ypoBHs BuTamuHa B, Ha 58,3 %.
[IpumMeHeHue TaHHON TUETOTEPANK HEe COMIPOBOXKIAIOCH PA3BUTHEM MTOOOYHBIX PEaKIHH.

Criennanu3upOBaHHBIN YISl IUETUUECKOTO MPOQUIAKTHYECKOTO IUTAHUS MTPOIYKT, N3TOTOBICHHBIN 110 TEXHOJIOTHHU ChIPa, MOXKET
OBITh PEKOMEHIOBAH JJIsl UCIIOJIb30BAHUS B AUETHYECKOM NPOPHUIAKTHIECKOM IUTAHUU ITyTEM BKIIIOYEHUS B COCTAB pallMOHA
JUTSL CHYDKEHHS KapIHOBACKYJISIPHBIX PHUCKOB.

KirodeBbie c10Ba. 3aMEHUTETN MOJIOYHOTO JXKUPA, JUCIUITUAEMUS, ONOUMIIEJTaHCOMETPHS, KapAUONIPOTEKIINS, aHTHATEPOTreHHbIH

®uHaHcupoBaHue. PaboTa 10 MOArOTOBKE PYKOIMCH MPOBEJICHA 3a CUET CPEJICTB CyOCHINM Ha BHIOJIHEHNE TOCYIapCTBEHHOTO
3aganus no Hampasienuto FGMF-2025-0007 «Pa3paboTka coctaBa, pelentyp, TeXHOJIOTUil MPOIYKTOB JETCKOTO U IepoIUeTHIeC-
KOT'0 MUTaHUA IJId ONTUMHU3alUN MUIICBBIX PAllUOHOB I[eTeﬁ Pas3sIMYHBIX BO3PACTHBIX I'PYIIIT U JIUL] IIOKUJIOT'O BO3pacTa, a TaKXKe
pa3paboTka crioco00B NPOMUIAKTUKH U KOPPEKLIUH HApYIICHUI MUIEBOr0 CTaTyca y JeTel U IMOJPOCTKOB C IPUMEHEHHEM HHHO-
BaI[MOHHBIX NTPOJYKTOB IETCKOTO THTaHUS».

Jost umTuposanusi: Cumonenko E. C., Cumonenko C. B., 3anerosa T. C., Xurpos A. A., Cemenona E. C. u np. IHHOBanimoHHsie
HO/XO/bI K CO3JaHHIO CHELHATN3HPOBAHHBIX IPOJAYKTOB HA OCHOBE PACTUTENIHHOIO CHIPhS KaK KIIOY K MPOQHIaKTHKE KapanHo-
BaCKyJISIPHBIX PHCKOB. TeXHHKa N TEXHOJOTHUS MUIMIEBBIX mpon3BoacTs. 2025. T. 55. Ne 4. C. 744-754. (Ha anru.) https://doi.org/
10.21603/2074-9414-2025-4-2603

Introduction for about one-third of all deaths, with a significant pro-
Cardiovascular diseases (CVDs) are the leading cause portion of premature deaths among people under 70 years
of death both in Russia and worldwide. According to of age [1, 2]. Cardiovascular diseases include ischemic
the World Health Organization (WHO), they account heart disease, cerebrovascular disease, peripheral arterial
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disease, rheumatic heart disease, congenital defects, deep
vein thrombosis, and pulmonary embolism. Myocardial
infarction and stroke are among the most common and
dangerous complications of CVDs. They are caused by
atherosclerotic changes in the vascular wall, namely fatty
and cholesterol plaques that narrow the lumen of the
artery [3, 4].

The main risk factors for CVDs are behavioral in
nature and include an unhealthy diet, low physical ac-
tivity, smoking, alcohol abuse, as well as overweight
and obesity. Other contributing factors are hypercholes-
terolemia, hypertension, and diabetes mellitus [5]. High
cholesterol is a common condition in Russia. According
to the All-Russian Epidemiological Study of Cardiovas-
cular Diseases and their Risk Factors (ESSE-RF), 8.1%
of men and 57.9% of women have high cholesterol levels,
with their average values approaching the threshold for
the norm. Obesity, especially abdominal obesity, has
also reached epidemic proportions afflicting 30% of the
adult population according to the ESSE-RF. Diabetes
mellitus, especially type 2, is an independent risk fac-
tor for CVDs that significantly increases the risk of deve-
loping atherosclerosis. According to various sources, the
incidence of diabetes in Russia ranges from 3.1 to 8.2%,
with almost 90% of all cases being type 2 diabetes [6—8].
Its dietary risk factors include excessive consumption
of salt, saturated and trans fats, as well as inadequate
consumption of fiber, vegetables, and fruits. On average,
Russians consume more than 11 g salt per day, while
the WHO recommends limiting its consumption to 5 g.
Lower sodium intake has been shown to reduce blood
pressure and the risk of stroke [9]. Trans fats are the most
atherogenic components of the diet. Their increase by
only 2% leads to a 23% increase in the risk of coronary
heart disease [10, 11].

Although the risk factors for CVDs have long been
known, large-scale studies such as the REACH registry
and EUROASPIRE demonstrate their high prevalence
and inadequate control. This highlights the clinical im-
portance of their prevention, monitoring, and correc-
tion [12]. The cornerstone of prevention is a healthy diet,
with abstinence from smoking and alcohol, as well as
increased physical activity and controlled body weight,
blood pressure, cholesterol, and blood sugar levels [3].
This calls for creating specialized food products with
proven therapeutic and preventative efficacy to restore
reduced or lost bodily functions and enhance the body’s
adaptive capacity. These products should contain in-
gredients that can correct metabolic and antioxidant
status disorders from an evidence-based medicine per-
spective [13].

Diet therapy is one of the main non-drug methods
for preventing and treating CVDs. Modern dietary ap-
proaches aim not only to reduce caloric intake but also
to optimize the diet by incorporating macro- and mi-
cronutrients, as well as specialized products fortified
with vitamins and antioxidants [14, 15].
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Another risk factor for cardiovascular health is dys-
lipidemia, which is characterized by elevated levels of
low-density lipoproteins [16]. Numerous studies demon-
strate that excessive consumption of saturated fatty acids
leads to a significant increase in LDL cholesterol levels
in the blood plasma. Doctors are particularly concerned
about traditional dairy products that are high in satu-
rated fats. These products are associated with an in-
creased risk of atherosclerosis, a pathological change in
large arteries that underlies most cardiovascular patholo-
gies [17, 18].

Modern approaches to addressing dyslipidemia in-
clude the development of low-fat products [19]. However,
fats affect the sensory properties of food, so their com-
plete elimination can reduce its consumer appeal [20].
Therefore, fat substitutes are used to preserve the taste
and texture of foods while reducing their caloric con-
tent [21].

Clinical guidelines from the American Heart Associ-
ation and the European Society of Cardiology emphasize
the importance of non-pharmacological approaches to
reducing cardiovascular risk, including the modification
of the fat composition of food. For the primary preven-
tion of CVDs, they recommend using vegetable oils to
replace saturated fatty acids with mono- and polyunsatu-
rated fatty acids. Furthermore, the guidelines highlight
the benefits of a plant-based diet, which is associated
with lower mortality compared to a diet based on animal
products [22, 23].

Therefore, modern strategies for preventing cardio-
vascular disease should be comprehensive and involve
limiting saturated fatty acids in foods while preserv-
ing their sensory and nutritional properties; replacing
saturated fatty acids with biologically complete alter-
natives while monitoring their lipid profile and the ori-
gin of their fat components; and personalizing diet ther-
apy based on the patient’s metabolic status. These ap-
proaches can simultaneously improve the lipid profile
and nutritional appeal of diet foods, as well as ensure
better weight control.

Milk fat replacers are products designed to replace,
partially or completely, natural milk fat in foods. Their
use benefits both consumers and food manufacturers.
In particular, milk fat replacers:

— promote cardiovascular health by reducing low-density
lipoproteins, aid weight management due to reduced
caloric content [24, 25], and make dairy products more
available in the regions where natural milk fat produc-
tion is limited for climatic or economic reasons [26];

— are a cost-effective ingredient (compared to natural
milk fat) that can be used to create products with a longer
shelf life and therefore lower product loss and higher
market availability [27]; and

— have certain technological properties that can im-
prove the texture, structure, and stability of various
food products such as ice cream, cream, cheese, and
baked goods [28].
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In this study, we aimed to evaluate the effectiveness
of a diet fortified with a specialized preventative prod-
uct manufactured according to the cheese technology
in comparison with an unfortified diet in adults.

Study objects and methods

Forty patients from the Personalized Diet Therapy
Department were recruited for the study according to
the inclusion and exclusion criteria (see below). The
study was approved by the local ethics committee of the
Federal Research Center of Nutrition and Biotechnology
(Protocol No. 3, March 15, 2023).

Inclusion criteria:

—age of 18 to 60 years old;

— a signed informed consent;

— obesity (BMI over 3 kg/m?);

— arterial hypertension for at least 5 years (including
drug-controlled hypertension); and

— lipoprotein metabolism disorders: pure hypercholestero-
lemia, mixed hyperlipidemia (including drug-controlled
disorders) for at least 5 years.

Exclusion criteria:

— pregnancy and/or breastfeeding;

— patient’s reluctance;

— intolerance to ingredients in the study product;

— history of food allergies;

— acute myocardial infarction, acute cerebrovascular dis-
order, major surgery, or injury sustained over the last
6 months;

— cancer; and

— gastrointestinal pathology requiring medical correction.

The patients were randomized into two groups: a
study group of 20 patients and a control of 20 patients.
The groups were matched and controlled for age, gen-
der, symptoms, disease duration, and medication use.
No statistically significant differences were found be-
tween the groups for any of these parameters.

The control group received a low-calorie standard
diet for two weeks, with moderate energy restriction
(up to 1300-1600 kcal/day) mainly at the expense of
fats and carbohydrates. Simple sugars were excluded,
animal fats were reduced, and table salt was limited
to 3-5 g/day.

The study group had a modified diet therapy for two
weeks, which was a low-calorie standard diet fortified
with a specialized preventative product (100 g) made
according to the cheese technology.

The specialized preventative diet product was manu-
factured according to the technological guidelines and
food production requirements established by the Tech-
nical Regulations of the Customs Union.

The nutritional and energy value of 100 g of the prod-
uct is provided in Table 1.

The average daily nutrient content and energy value
of the diets are presented in Table 2.

The diets had limited amounts of table salt (5 g/day),
as well as chemical and mechanical irritants to the stom-
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Table 1. Nutritional value of the specialized product
(per 100 g)

Ta6uuna 1. [TumeBast HEHHOCTH CNELHATN3HPOBAHHOTO MIPOLYKTa
(conepsxxanue B 100 r npoaykra)

Component Value
Fat, g 25.0
Protein, g 14.0
Carbohydrates, g 5.0
Vitamin E (tocopherol), mg 15.0
Vitamin B,, (cyanocobalamin), mcg 3.0
Energy value, kcal/k]J 301.0/1260.0

Table 2. Average daily nutrient content and energy value
of the diets

Tabauma 2. Cpe;{HecyTquoe COZECpIKaHNE NMUIIECBBIX BEIICCTB
1 JHEPreTudecKas HCHHOCTh AUET

Type Protein, g Fat, g Carbo- Energy
of diet hydrates, g | value, kcal
Low- 70-80 60-70 130-150 | 1340-1550
calorie
diet
Modified 84-94 85-95 135-155 | 1640-1850
diet

ach and bile ducts. The meals were boiled, stewed, baked,
pureed, or steamed. The food temperature ranged from
15 to 60-65°C. Free liquid intake was 1.5-2.0 liters.
The patients had six meals a day.

Medication therapy was administered according to
the standard regimens for medical conditions and was
not adjusted during the study.

General clinical methods. Clinical and functional
research methods included collecting complaints, taking
a medical history, and performing a physical examination.

All the patients had their height and weight measured,
with their BMI calculated using the Quetelet’s index
(kg/m?) = weight/height.

They had their blood pressure measured with a me-
chanical tonometer, as well as their heart rate.

Biochemical analyses were performed using an AU
680 automated analyzer (Beckman Coulter, USA). Se-
rum venous blood was analyzed for total cholesterol,
high-density lipoprotein cholesterol, low-density lipopro-
tein cholesterol, triglycerides, glucose, creatinine with
a calculated glomerular filtration rate, urea, uric acid,
total bilirubin, alanine aminotransferase, aspartate amino-
transferase, and potassium.

Complete blood panel parameters were assessed using
an LH 750 analyzer (Beckman Coulter, USA). They in-
cluded red blood cell and white blood cell counts, hemo-
globin, platelet, and an erythrocyte sedimentation rate.

Insulin levels were measured using an Immulite Xp
2000i automated analyzer (Siemens Healthcare Diag-
nostics, Germany).
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The vitamin status (vitamins E, B, ,, homocysteine)
was assessed using an AU 680 automated analyzer (Beck-
man Coulter, USA).

The antioxidant defense indicators (plasma antioxi-
dant activity, superoxide dismutase, malondialdehyde)
were determined using an ELISA reader (Tecan, USA).

The nutritional intake (dietary energy, macro- and
micronutrients) was assessed by frequency analysis using
the Nutrilogic service (Nutrilogic, Russia, state registra-
tion certificate No. 2018614588 dated February 19, 2018).

Body composition measurements were analyzed by
bioimpedance analysis using the LookinBody software
and the InBody 720 analyzer (Biospace, South Korea).
They included fat mass, lean mass, skeletal muscle mass,
and total body water. For the measurements, the patients
had to be in the fasting state, stand barefoot on a scale,
and hold the analyzer handles with both hands.

Basal metabolic expenditure was measured by indirect
calorimetry using a Quark RMR stationary metabolo-
graph (COSMED, Italy) with a dome. The respiratory
quotient was calculated from noninvasive measurements
of oxygen consumption and carbon dioxide production,
as well as ventilation parameters.

Daily protein losses were calculated based on the
concentration of urea in a 24-hour urine sample using
the formula:

POR = (U x 0.446 + 4) x 6.25

where POR is the protein oxidation rate, g/day; U is the
urea, g/day. The resulting residual nitrogen value was
used to further calculate daily protein losses. The fat oxi-
dation rate and the carbohydrate oxidation rate were
also determined by using the software (COSMED, Italy).

The course of treatment was recorded in the patients’
medical records. The measured parameter values were
entered in the individual patient registration cards ac-
cording to the research protocol.

The dishes were evaluated on a 5-point scale for their
sensory properties such as taste, smell, color, consis-
tency, and appearance.

Statistical research methods. Quantitative variables
were assessed for normal distribution using the Shapiro-
Wilk test (for fewer than 50 subjects) or the Kolmogorov-
Smirnov test (for more than 50 subjects).

Normally distributed quantitative variables were de-
scribed using mean values (M) and standard deviations
(SD), along with 95% confidence intervals (95% CI).

If not normally distributed, quantitative data were
described using the median (Me) and lower and upper
quartiles (Q1-Q3).

Categorical data were described in absolute values
and percentages.

The Student’s ¢-test was performed to compare two
groups for a normally distributed quantitative variable,
assuming equal variances.

The Mann-Whitney U-test was performed to compare
two groups for a non-normally distributed quantitative
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variable. The paired Student’s ¢-test was performed to
compare normally distributed quantitative variables in
two related samples.

The Wilcoxon f-test was performed to compare non-
normally distributed quantitative variables in two re-
lated groups. The software StatTech v. 3.0.4 (StatTech,
Russia) was used for statistical analysis.

Results and discussion

Nutritional value of the actual diet. The most com-
mon indicators of dysnutrition in the patients were: ex-
cessive intake of total fat (+82.5%), saturated fatty acids
(+91.1%), and cholesterol (+110.4%), as well as a de-
ficiency of dietary fiber (—33.5%), omega-3 PUFAs
(-21.0%), potassium (—19.6%), magnesium (-22.2%),
phosphorus (-15.5%), iron (-17.0%), and vitamins A
(~12.4%), E (-33.7%), B, (-12.1%), and D (-60.7%).

Anthropometric parameters. Almost all the patients,
regardless of the diet therapy administered, had statis-
tically significant positive changes in their body weight
and body mass index (BMI). The comparative analysis
of their anthropometric parameters over time between
the groups is presented in Table 3.

As can be seen, only the study group demonstrated
a statistically significant reduction in fat mass. In con-
trast to the study group, the control group showed a sta-
tistically significant reduction in lean mass and skeletal
muscle mass, suggesting a negative impact of the chosen
diet therapy. It should be noted that the study group re-
ceived a higher-calorie version of the standard diet and
its patients had lower body weight. However, they demon-
strated significantly better changes in fat and lean mass
in addition to weight loss.

Resting energy expenditure. Resting energy expen-
diture values remained unchanged in both the study and
the control groups (Table 4). However, the control group
demonstrated a statistically significant increase in the
carbohydrate oxidation rate, with a decrease in the fat
oxidation rate. This might explain the less efficient loss
of fat mass in this group. The protein oxidation rates
did not change significantly in both groups.

The data revealed that the modified diet, along with
the traditional diet therapy, did not decrease the activity
of the body’s energy processes or cause changes in the
macronutrient oxidation rates.

Blood test parameters. Changes in blood glucose
levels are presented in Fig. 1. Initially, the glucose lev-
els did not differ statistically between the groups, with
6.4 (5.8-6.7) mmol/L in the control group and 6.0 (5.4—
6.4) mmol/L in the study group. The treatment (diet
therapy) caused no increase in this parameter, with no
hypoglycemic therapy administered. Furthermore, there
was a significant decrease within the reference range
in the control group. Thus, the modified diet produced
no effect on the patients’ glycemic profile.

Changes in the lipid profile during the diet therapy
are presented in Table 5.
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Comparable statistically significant changes were
observed in both groups during the treatment, namely a
decrease in total cholesterol and low-density lipoprotein
cholesterol. This indicated an anti-atherogenic effect
of the modified diet, comparable to the standard diet
therapy. A relatively negative effect of the diet therapy
was a significant decrease in high-density lipoprotein
cholesterol, from 1.5 + 0.3 to 1.4 = 0.3 mmol/L in the
study group and from 1.1 £ 0.2 to 1.0 £ 0.2 mmol/L in
the control group.

Blood vitamin analysis (Table 6) revealed an increase
in vitamin B , levels from 252 (228-325) to 399 (270-
462) pg/mL in the study group, with no changes in the
control group. Vitamin E levels decreased in the study
group, while remaining unchanged in the control group.

Homocysteine levels decreased from 11.5 £ 1.2 to
10.0 = 1.0 pmol/L (p < 0.001) in the study group and
from 12.3 £0.9 to 10.6 = 0.6 pmol/L (p < 0.001) in the
control group (Fig. 2), demonstrating the anti-athero-
genic effect of the modified diet.

Table 3. Body composition changes during diet therapy

Ta6HI/[I_Ia 3. Aranu3 JAUHaAMHUKH MoKa3aTeliel cocTaBa Telia Ha d)OHe HpOBOZ[I/[MOﬁ JAUETOTEpaAIun

Parameter Stage Control group Study group
Body weight 1 111.6 (89.3-117.6) 88.7 (78.2-92.8)
Me (Qi—Qs), kg 2 106.0 (88.3-115.0) 86.8 (77.1-91.8)
p 0.002* <0.001*
Body mass index 1 38.7+7.7 33.5+7.0
M + SD, kg/m? 2 38.1+7.4 33.1+6.8
P 0.001* <0.001*
Fat mass 1 47.0+ 159 39.7+12.6
M+ SD, kg 2 46.6 +15.3 39.1+12.2
P 0.293 0.015%
Lean mass 1 57.2 (52.9-64.5) 46.7 (41.2-48.2)
Me (Qi-Qs), kg 2 56.3 (52.7-63.4) 45.4 (40.9-49.1)
p 0.001* 0.078
Skeletal muscle mass 1 33.6 (31.1-39.8) 27.1(23.9-27.9)
Me (Qi-Qs), kg 2 33.2 (31.0-38.1) 26.4 (23.7-28.6)
p 0.004* 0.092
Total body water 1 44.6 (41.2-49.9) 36.4 (32.0-37.7)
Me (Qi—Qs), kg 2 44.2 (41.1-49.0) 35.3 (31.8-38.5)
p 0.021% 0.078

Note: * — statistically significant differences (p < 0.05).

ITpumeuanue: * — pa3nuuus nokasarenel craTucTHdecku 3HaduMsI (p < 0,05).

Table 4. Changes in resting energy expenditure during diet therapy

Tabnuna 4. AHaNNM3 TUHAMUKH [T0Ka3aTelel PHEpProTpar MoKost Ha (poHe IPOBOJUMOI JUETOTEpATuI

Parameter Stage Control group Study group
Carbohydrate oxidation 1 21 (15-26) 75 (10-320)
Me (Qi-Qs), g/day 2 47 (41-73) 108 (16-289)

p <0.001* 0.640
Fat oxidation 1 200 (186-234) 131 (35-154)
Me (Qi—Qs), g/day 2 182 (152-218) 132 (87-183)

p 0.049* 0.284
Protein oxidation 1 77 (71-85) 58 (51-62)
Me (Qi-Qs), g/day 2 76 (70-86) 65 (50-73)

p 0.670 0.212
Resting energy expenditure 1 2042 (1882-2260) 1564 (1384-1694)
Me (Qi—Qs), keal/day 2 2037 (1859-2281) 1726 (1328-1950)

p 0.670 0.495

Note: * — statistically significant differences (p < 0.05).

IMpumeuanue: * — pa3nuuus nokasarenel craTucTH4ecku 3HauuMsI (p < 0,05).
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Figure 1. Changes in blood glucose levels during diet therapy

Pucynox1. AHanu3 AMHAMHKHY TJIIOKO3bI KPOBH Ha (OHE MPOBOAMMOMN AUCTOTEPANIUH

Table 5. Changes in lipid profile during diet therapy

Tabnuna 5. AHanu3 TUHAMHUKY JMIUAHOTO Npoduist Ha GpoHe MPOBOIUMON THETOTEPAIUU

Parameter Stage Control group Study group
Total cholesterol 1 47+1.2 52+13
M + SD, mmol/L 2 39+1.0 45+12
)4 0.001* 0.019*
Triglycerides 1 1.5 (1.1-2.1) 0.9 (0.8-1.2)
Me (Qi—Qs), mmol/L 2 1.1 (0.9-1.3) 0.8 (0.6-1.1)
P 0.005* 0.097
High-density lipoprotein 1 1.1+£0.2 1.5+0.3
cholesterol 2 1.0+0.2 14403
M + SD, mmol/L p 0.015%* 0.016*
Low-density lipoprotein 1 3.1+£1.0 33+£1.0
cholesterol 2 2.5+0.8 29+1.0
M+ SD, mmol/L p <0.001* 0.035*

Note: * — statistically significant differences (p < 0.05).

IIpumeuanue: * — pa3nuuus nmokasareiel CTaTUCTHYECKH 3HaUUMSHI (p < 0,05).

Table 6. Changes in vitamin levels during diet therapy

Tabauna 6. AHanu3 IMHAMUKN BUTAMHUHOB Ha ()OHE ITPOBOJMMON JUETOTEpaNIuH

Parameter Stage Control group Study group
Vitamin E 1 12(1.1-1.4) 1.4 (1.2-1.6)
Me (Qi—Qs), meg/mL 2 1.2 (1.0-1.3) 1.2 (1.0-1.5)
p 0.258 0.009*
Vitamin B, 1 248 (127-320) 252 (228-325)
Me (Qi—Qs), pg/mL 2 265 (143-440) 399 (270-462)
p 0.927 <0.001*

Note: * — statistically significant differences (p < 0.05).

IIpumeuanue: * — pa3auuus nmokasareiel CTaTUCTHYIECKH 3HaUUMSHI (p < 0,05).
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Figure 2. Changes in homocysteine levels during diet therapy
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Figure 3. Changes in malonaldehyde levels during diet therapy

PI/ICyHOK 3. AHanmu3 JUHAMHWKH MAaJIOHOBOTO aJIpJICTUIa HA (1)0He l'[pOBOIU/IMOﬁ AUETOTEpANTUN

Superoxide dismutase levels did not change signi-
ficantly in either group during the diet therapy. In par-
ticular, they slightly increased from 184.62 + 44.19 to
206.17 +49.08 (p = 0.079) in the study group and from
161.22 + 66.02 to 169.40 = 25.24 (p = 0.700) in the con-
trol group.

As can be seen from Fig. 3, the concentration of mal-
onaldehyde significantly decreased from 3.51 (2.58—4.44)
to 2.39 (1.80-3.27) in the study group (p = 0.002), but
remained unchanged in the control group (p = 0.497).
Our results indicated a decrease in the intensity of lipid
peroxidation during the diet therapy.No changes in blood
insulin levels were observed in either of the groups.

Other biochemical blood parameters showed simi-
lar trends in both groups and were characterized by mod-
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erate changes within the reference values (Table 7). A sta-
tistically significant decrease was observed in aspartate
aminotransferase levels in the study group, namely from
22.5(19.3-29.8) to 22.1 (18.2-26.4) U/L. Total biliru-
bin levels also significantly decreased, from 12.3 (10.0—
15.7) to 10.0 (7.4—12.1) umol/L in the study group and
from 14.5 (11.1-18.5) to 12.9 (10.4—14.1) pumol/L in the
control group. However, these values remained within
the reference ranges.

Tolerability of the diet therapy. The modified diet
showed good tolerability and safety, with no side effects
or signs of intolerance observed during the study period
in either the control or study groups (dyspepsia: regurgi-
tation, nausea, heartburn, bitter taste in the mouth; stom-
ach ache; allergic reactions).
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Table 7. Changes in biochemical blood parameters during diet therapy

Tabnuna 7. AHanu3 qTUHaAMHKY OMOXMMHUYECKHX MOKa3aTelel KpoBU Ha (pOHE MPOBOIUMON JTUETOTEPANIUU

Parameter Stage

Control group

Study group

Aspartate aminotransferase 1

22.2(19.9-26.2)

22.5(19.3-29.8)

Me (Qi-Qs), U/L

25.1 (22.7-29.5)

22.1 (18.2-26.4)

0.060

0.036*

Alanine aminotransferase

24.7 (18.7-33.0)

19.9 (15.5-32.2)

Me (Ql—Q}), U/L

31.1 (21.3-35.5)

17.0 (14.2-25.0)

0.580

0.165

Total bilirubin

14.5 (11.1-18.5)

12.3 (10.0-15.7)

Me (Qi—Qs), pmol/L

12.9 (10.4-14.1)

10.0 (7.4-12.1)

0.048*

0.014*

)4
1
2
P
1
2
p
Creatinine 1 86.3 (72.6-99.4) 80.2 (72.0-89.5)
Me (Qi—Qs), pmol/L 2 93.5 (74.9-102.6) 82.5(77.5-87.5)
p 0.368 0.143
Glomerular filtration rate 1 74 £21 73+ 16
M=+ SD 2 72 £ 19 70+ 15
p 0.280 0.188
Urea 1 5.1 (4.3-6.7) 5.7 (5.1-6.8)
Me (Qi-Qs), mmol/L 2 5.3 (4.8-7.5) 6.5 (5.5-6.8)
p 0.464 0.097
Uric acid 1 375.4+109.7 313.3+100.2
M + SD, umol/L 2 3939+ 111.8 313.8+86.1
P 0.162 0.952
Potassium 1 4.3 (4.14.4) 4.4 (4.0-4.5)
Me (Qi—Qs), mmol/L 2 4.4 (4.0-4.7) 4.4 (4.2-4.6)
)4 0.246 0.064

Note: * — statistically significant differences (p < 0.05).

IIpumeuanue: * — pa3nu4us mMokasareneil cTaTucTuaecky 3Ha4uMsl (p < 0,05).

Table 8. Sensory evaluation of diet therapy

Tabnuna 8. OpraHojenTuyeckas OllCeHKa AUETOTEPAUH

Parameter Control group Study group
Average scores on a 5-point scale
Taste 4.25 4.85
Smell 4.15 4.80
Color 4.50 4.95
Consistency 4.35 4.85
Appearance 4.50 4.95

The sensory evaluation of the diet products included
the following parameters: taste, smell, color, consistency,
and appearance (Table 8). According to the results, the
modified diet was evaluated positively, with scores aver-
aging 24 out of 25 in the study group, compared to 22
out of 25 in the control group.

Conclusion

The modified diet (fortified with a specialized preven-
tative product manufactured using cheese technology)
demonstrated a number of clinically significant effects
compared to the standard diet therapy. In particular, we
found a statistically significant reduction in total cho-
lesterol and low-density lipoprotein cholesterol levels,

indicating the antiatherogenic effect of the diet therapy
and a reduced risk of cardiovascular complications. We
also observed a statistically significant decrease in ho-
mocysteine levels, a risk factor for vascular pathologies,
including peripheral arterial disease, nephropathy, and
retinopathy. Further, the modified diet helped replenish
vitamin B , deficiency and reduce malonaldehyde levels,
lessening the intensity of lipid peroxidation. Among its
other positive effects was the ability to maintain resting
energy expenditure while reducing body weight. Despite
its higher caloric content, the modified diet significantly
reduced fat mass in obese patients while maintaining
their lean mass. In addition, we observed a reduction
in clinical symptoms among the patients. Finally, the
specialized product received a good sensory evaluation
and showed excellent tolerability.

Thus, our specialized preventative diet product can
be incorporated into preventative dietary regimens to
maintain cardiovascular health.

We plan to expand the range of specialized preven-
tative products by formulating products with bioactive
ingredients that have proven cardioprotective effects.
Algae, for example, have great potential due to their com-
plex of bioactive compounds with a pronounced positive
effect on the cardiovascular system.
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Algae components such as omega-3 polyunsaturated
fatty acids, antioxidants, peptides, and polysaccharides
help reduce the risk of cardiovascular disease by improv-
ing lipid profiles, lowering blood pressure, and reducing
inflammation and oxidative stress. Algae are a rich source
of omega-3 fatty acids, such as eicosapentaenoic and
docosahexaenoic acids. These acids have hypolipidemic
and antihypertensive effects, improving the endothelial
function and reducing the risk of arrhythmia. Studies
have shown that these acids obtained from the microal-
gae Schizochytrium and Crypthecodinium can reduce
plasma triglyceride levels and systolic blood pressure
in both animals and humans. Algae also contain high
levels of antioxidants, such as carotenoids (e.g., astax-
anthin), polyphenols, and vitamin C. These compounds
reduce oxidative stress, which plays a key role in the de-
velopment of atherosclerosis and other cardiovascular dis-
eases. Astaxanthin, in particular, has potent antiinflam-
matory and antioxidant properties, protecting endothe-
lial cells from damage. Furthermore, bioactive peptides
isolated from algae such as Laminaria and Ascophyllum
can inhibit angiotensin-converting enzyme, lowering
blood pressure. Algae polysaccharides, particularly sul-
fated ones, have a hypocholesterolemic effect, reducing
low-density lipoprotein cholesterol and triglyceride lev-
els and stimulating the excretion of bile acids [29-31].
Thus, considering the promising cardioprotective po-
tential of the bioactive compounds derived from algae,
our subsequent research will focus on the development

of novel specialized formulations based on these con-
stituents, aimed at comprehensive prevention of cardio-
vascular diseases.
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