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ANNOTATSIYA
Kirish: Arterial gipertenziya (AG) va 2-tip gandli diabet (QD2) yurak-gon tomir kasalliklarining
rivojlanishini keskin kuchaytiruvchi asosiy xavf omillari hisoblanadi. Aynigsa, ekologik va ijtimoiy-
iqtisodiy sharoitlari murakkab bo‘lgan Xorazm viloyati sharoitida ushbu muammo yanada dolzarbdir.
Magsad: AG va QD2 bilan og‘rigan bemorlarda yurak-gon tomir tizimi gayta shakllanish jarayonlari
va klinik-funksional ko‘rsatkichlarni baholash, shuningdek, kompleks patogenetik davolash
samaradorligini aniglash.
Materiallar va usullar: 41-70 yoshdagi 42 nafar bemor ishtirokida prospektiv tadqiqot o‘tkazildi.
Yurak-qon tomir tizimi holati EKG, Xolter monitoringi, exokardiografiya, SMAD hamda
laboratoriya tekshiruvlari yordamida baholandi. Davolash protokoliga Empagliflozin (Farojard),
Perindopril va Allapinin preparatlari Kiritildi.
Natijalar: Davolash yakunida bemorlarning 78,6 % ida arterial bosim nazoratga olindi, chap
gorincha gipertrofiyasi pasaydi, ejeksiya fraksiyasi sezilarli darajada oshdi. Bundan tashqari, yurak
ritmi buzilishlari va buyrak faoliyati buzilishlari kamaygani kuzatildi.
Xulosa: AG va QD2 ning birgalikda kechishi yurak-gon tomir tizimidagi gayta shakllanish
jarayonlarini kuchaytiradi. Kompleks patogenetik davolash yurak-qon tomir asoratlari xavfini
kamaytirishda yuqori samaradorlik ko‘rsatadi.
Kalit so‘zlar: arterial gipertenziya, 2-tip gandli diabet, yurak-gon tomir tizimi, gayta shakllanish,
empagliflozin, perindopril.

COBPEMEHHBIE MTOAXOAbI K TEPAIIUU CEPAEYHO-COCYIUCTOI'O
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AHHOTAIUA
BBenenne: AprepuansHas runepteH3us (Al') B coderanuu ¢ caxapHbsiM quaberom 2 tuma (C2)
CYILIECTBEHHO YCHJIMBAET PUCK CEPIECYHO-COCYIUCTBIX OciokHeHHH. [[aHHas mpobiema ocoOeHHO
3HaYUMa IS PETHMOHOB C HEOJIArOMPUSATHOW JKOJOTHYECKOM W  COIMATBHO-DKOHOMUYECCKOM
00CTaHOBKOM, TaKUX KaKk Xope3McKas 001acTh ¥Y30eKucTaHa.
Henb: M3yunTe MEXaHHU3MBlI CEPAEYHO-COCYAMCTOTO PEMOJAEIUPOBAHUS, ONPEAEIUTh KIMHUKO-
(GyHKIIMOHATbHBIE TOKa3aTeld U OLUEHUTh A(P(HEKTUBHOCTh IMAaTOT€HETHYECKH OOOCHOBAHHOMN
KOMIUIEKCHOU Tepanuu y nauueHTos ¢ Al u C/12.
Marepuanbl 1 MeTObI: B mpocnekTuBHOE UCCieq0BaHe ObUIN BKJIIOUEHBI 42 MalleHTa B BO3pacTe
or 41 nmo 70 mner. OneHKa COCTOSIHUSI CEPAECYHO-COCYIUCTOM CHCTEMBI MPOBOJMIACH C
ucnonb3oBanueM DKI', cyTouHOro MoHUTOpHpOBaHus 1o Xoutepy, 3xokapauorpadpuu, CMAJL u
1abopaTOpHbIX HcclenoBaHui. B TepameBTHYECKyI0 cXeMy ObUIM BKIIIOYEHBI SMIArIndIo3uH
(dapoxkapn), HIEpUHAOTIPIII U AJITTATMHHIH.
PesyabTaTsl: [lpoBeneHue Tepamuy MO3BONIMIO MOCTHYHh KOHTpodsi AJl y 78,6% mamueHTos,
HaOJII0aJI0Ch YMEHbIIEHUE THIEepTpo(uu JIEBOro KeIyJ0uKa, MOBBIIIEHHE (pakuuu BbIOpOCaA,
CHIDKEHHE YacTOThl HapyUleHHWM puTMa U YIydllleHHWe I[oKa3aTtelned (QyHKUUU TOYeK.
3axiouenune: Komopounnoe teuenue AI' u C/I2 conmpoBoXKaAaeTcsi BbIPaKEHHBIMU W3MEHEHUSIMU
CEP/ICUHO-COCYAUCTOM cucTeMbl. [IprMeHeHne maToreHeTHIeCK 000CHOBAaHHOM KOMOMHUPOBAHHOM
TEpaluy CIOCOOCTBYET CHMKEHHIO DPHCKAa CeplleYHO-COCYJUCTBIX OCJIOKHEHHMH M yiydlIaeT
KIIMHUYECKHUE UCXO/IbI.
KiroueBble cjioBa: apTepualibHasi TUIIEPTEH3Us, CaxapHbIi nuaber 2 Tuma, cepAeuHO-COCYANCTOe
peMozenrpoBanue, smnaru@o3nH (Papoxap), IepUHIOMPHUI.
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ANNOTATION
Introduction: The coexistence of arterial hypertension (AH) and type 2 diabetes mellitus (T2D)
markedly increases the risk of cardiovascular complications, particularly in ecologically and
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socioeconomically disadvantaged regions such as Khorezm, Uzbekistan.
Objective: To investigate the mechanisms of cardiovascular remodeling, evaluate clinical and
functional markers, and determine the efficacy of pathogenetically justified combination therapy in
patients with AH and T2D.

Materials and Methods: A prospective study was conducted involving 42 patients aged 4170 years.
Cardiovascular  assessment included electrocardiography (ECG), Holter monitoring,
echocardiography, ambulatory blood pressure monitoring (ABPM), and laboratory investigations.
The therapeutic regimen comprised Diampa, Prestarium, and Allapinin.

Results: Following therapy, blood pressure control was achieved in 78.6% of patients, left ventricular
hypertrophy was reduced, left ventricular ejection fraction significantly improved, rhythm
disturbances  decreased, and renal function parameters  showed improvement.
Conclusion: The comorbid course of AH and T2D exacerbates cardiovascular remodeling.
Pathogenetically based combination therapy demonstrates high efficacy in reducing cardiovascular
alterations and lowering the risk of related complications.
Keywords: arterial hypertension, type 2 diabetes mellitus, cardiovascular remodeling, empagliflozin,
perindopril.

Introduction. The comorbid combination of arterial hypertension (AH) and type 2 diabetes
mellitus (T2DM) represents one of the most complex and socially significant challenges in modern
medicine. Both conditions are highly prevalent worldwide and are leading causes of cardiovascular
morbidity and mortality. According to the World Health Organization (WHO, 2023), the global
prevalence of hypertension among adults exceeds 30%, while diabetes mellitus affects more than 460
million individuals, with projections suggesting a rise to 700 million by 2045. The comorbidity of
AH and T2DM creates a particularly adverse clinical scenario due to mutual potentiation of risk
factors, accelerated cardiovascular remodeling, and a heightened probability of fatal complications,
including myocardial infarction, stroke, heart failure, and sudden cardiac death.

In Uzbekistan, the problem is further aggravated by environmental and socioeconomic
determinants. The Khorezm region, characterized by a low-mountainous terrain, salinization of soil
and water resources, and chronic environmental stress associated with the Aral Sea ecological
catastrophe, represents a model territory where the combined impact of hypertension and T2DM is
especially severe. The high sodium content in drinking water, poor dietary diversity with low intake
of antioxidants, and limited access to specialized high-tech cardiometabolic care increase the burden
of disease. Epidemiological surveys conducted by the Ministry of Health of Uzbekistan (2022)
reported that up to 40% of adults in Khorezm suffer from hypertension, and approximately 15% have
T2DM, with comorbidity rates approaching 10—12%.

From a pathophysiological perspective, AH and T2DM mutually accelerate the process of
cardiovascular remodeling. Hyperglycemia induces oxidative stress, endothelial dysfunction, and
glycation of vascular proteins, while chronic hypertension increases left ventricular afterload, leading
to hypertrophy and impaired relaxation. Insulin resistance contributes to systemic inflammation and
the activation of profibrotic cascades, promoting myocardial fibrosis and diastolic dysfunction.
Ultimately, these mechanisms converge on the development of heart failure with preserved ejection
fraction (HFpEF) and increased susceptibility to arrhythmias.

International guidelines, including the ESC/ESH 2023, ADA 2024, and AHA/ACC 2022,
emphasize the importance of strict blood pressure and glycemic control in comorbid patients. Target
levels are defined as systolic blood pressure <130 mmHg, diastolic blood pressure <80 mmHg, and
glycated hemoglobin (HbAlc) <7%. Pharmacological strategies with proven organoprotective
properties, including renin—angiotensin—aldosterone system (RAAS) blockers, sodium-glucose
cotransporter-2 (SGLT2) inhibitors, glucagon-like peptide-1 (GLP-1) receptor agonists, and statins,
form the cornerstone of therapy. Combination regimens that address both hemodynamic and
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metabolic pathways are considered optimal, as they simultaneously reduce cardiovascular and renal
risks.

Clinical evidence from large multicenter trials supports this integrated approach. For example,
the UKPDS and ADVANCE studies demonstrated that intensive blood pressure control significantly
reduces the risk of macrovascular and microvascular complications in patients with diabetes. The
EMPA-REG OUTCOME and CANVAS trials revealed that SGLT2 inhibitors (empagliflozin,
canagliflozin) lower hospitalization rates for heart failure and slow the progression of diabetic kidney
disease. GLP-1 receptor agonists such as semaglutide and liraglutide were shown to reduce stroke
risk and favorably influence body weight, lipid metabolism, and systemic inflammation.

Nevertheless, the translation of these findings into everyday clinical practice in resource-
limited regions remains challenging. Socioeconomic constraints, limited availability of novel
medications, and patient non-adherence due to low awareness necessitate the development of adapted
regional protocols. These should include affordable pharmacological options, structured patient
education programs, lifestyle interventions emphasizing dietary sodium restriction, and regular
monitoring of cardiovascular and renal status using cost-effective diagnostic methods.

The present study aimed to investigate the mechanisms of cardiovascular remodeling in
patients with comorbid AH and T2DM in the Khorezm region, to identify clinical and functional
markers of disease progression, and to evaluate the effectiveness of comprehensive pathogenetically
oriented therapy incorporating modern antihypertensive and metabolically active agents.

Materials and Methods. This prospective observational study was conducted at the
Cardiology Department of the Elit Clinic, Urgench State Medical Institute. A total of 42 patients with
confirmed diagnoses of arterial hypertension (stage I-III according to ESC/ESH 2018 criteria) and
type 2 diabetes mellitus (based on ADA 2023 diagnostic standards) were enrolled between January
and December 2023.

Inclusion criteria:

e Age between 41 and 70 years;

e Verified diagnoses of both AH and T2DM;

o Stable clinical course without acute decompensation;
o Informed consent for participation.

Exclusion criteria:

e Severe concomitant somatic diseases (advanced chronic kidney disease, chronic liver failure,
malignancies);

o Decompensated heart failure (NYHA class [II-1V);

o Cognitive impairment or inability to comply with study procedures.

The mean age of patients was 56 = 10 years; 19 were female and 23 were male. Patients were
stratified into two groups according to metabolic and hemodynamic compensation:

e Group [: mild hypertension with compensated diabetes (n=20);
e Group II: moderate hypertension with subcompensated diabetes (n=22).

Diagnostic program:

e Standard 12-lead electrocardiography (ECG) to assess rhythm disturbances and left
ventricular hypertrophy;

e 24-hour Holter ECG monitoring to detect paroxysmal arrhythmias and variability of heart
rate;

e Transthoracic echocardiography (ECHO) with calculation of left ventricular mass index,

ejection fraction, and diastolic function parameters (E/A ratio, E/e’);

e 24-hour ambulatory blood pressure monitoring (ABPM) to evaluate circadian variability,
nocturnal dipping, and blood pressure load;
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o Laboratory studies: fasting plasma glucose, 2-hour postprandial glucose, HbAlc, serum lipid
profile (total cholesterol, LDL-C, HDL-C, triglycerides), creatinine, estimated glomerular
filtration rate (¢GFR), and urinary albumin excretion;

e Zimnitsky’s test for assessment of renal concentration capacity.

Therapeutic protocol:

Pharmacological therapy was selected according to current guidelines and included:

e Empagliflozin (10 mg/day) as the main metabolic modulator with nephro- and
cardioprotective effects;

e ACE inhibitor (perindopril 5-10 mg/day) for blood pressure control and attenuation of cardiac
remodeling;

e Allapinin (25 mg t.i.d.) in patients with documented arrhythmias;

e Additional correction with calcium channel blockers or ARBs in patients not achieving target
blood pressure.

Lifestyle interventions such as dietary sodium restriction (<5 g/day), increased consumption
of fruits and vegetables rich in antioxidants, weight reduction strategies, and structured physical
activity (30 minutes of moderate aerobic exercise at least 5 times per week) were also implemented.

Statistical analysis was performed using SPSS v.26. Continuous variables were expressed as
mean * standard deviation (SD). Between-group comparisons were performed with Student’s t-test,
and categorical variables with chi-square test. A p-value <0.05 was considered statistically significant.

Results. Baseline clinical and hemodynamic characteristics showed significant differences
between groups. Systolic arterial pressure (SAP) averaged 151 £ 2.0 mmHg in Group I and 169 + 3.2
mmHg in Group II (p<0.01). Diastolic blood pressure (DAP) was 91 + 1.5 mmHg vs. 97 £ 2.1 mmHg,
respectively. Glycemic control was also worse in Group II, with mean HbA 1c of 8.1 + 0.6% compared
to 6.8 = 0.4% in Group 1.

Echocardiographic evaluation revealed left ventricular hypertrophy (LVH) in 62% of patients
overall, more frequent in Group II (77%) compared to Group I (45%). The mean ejection fraction
(EF) was significantly reduced in Group II (51.2 £ 2.1%) versus Group I (58.2 £ 1.1%; p<0.01).
Diastolic dysfunction of grade I-II was documented in 71% of patients, particularly prevalent among
those with subcompensated diabetes.

Arrhythmia burden assessed by Holter monitoring included paroxysmal supraventricular
tachycardia in 16 patients, atrial fibrillation in 2 patients, and frequent ventricular ectopy (>30/hour)
in 6 patients. Arrhythmia occurrence strongly correlated with nocturnal non-dipping pattern and
reduced heart rate variability indices, highlighting autonomic dysfunction as a central mechanism.

Renal function tests demonstrated early signs of nephropathy: 35% of patients showed
impaired concentration capacity in Zimnitsky’s test, and microalbuminuria (>30 mg/24h) was
detected in 29% of cases. Notably, blood pressure variability was inversely associated with eGFR
values, particularly in patients with poor glycemic control (r = —0.41; p<0.05).

Effect of therapy: After 4 weeks of combined therapy, 33 patients (78.6%) achieved target
blood pressure (<140/90 mmHg). Additional ACE inhibitor titration was required in 9 patients.
Significant improvement in EF was observed in both groups: from 58.2% to 60.2% in Group I and
from 51.2% to 58% in Group II (p<0.05). Diastolic function indices also improved, with an increase
in E/A ratio and reduction of E/e’ values.

Empagliflozin therapy led to a mean reduction of HbAlc by 0.7% and body weight by 2.1 kg
over the study period. Lipid profile showed modest but favorable changes, with increased HDL-C
(+5.2%) and reduced triglycerides (—12.4%). No serious adverse effects were reported, and
tolerability was high.

Allapinin effectively suppressed arrhythmias, reducing the frequency of supraventricular
tachycardia episodes by 68%. No proarrhythmic complications were observed.
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Discussion. Our study confirmed that the coexistence of hypertension and T2DM exerts a
synergistic detrimental effect on the cardiovascular system, resulting in structural remodeling,
impaired systolic and diastolic function, increased arrhythmogenicity, and renal dysfunction. The
findings are consistent with international evidence, including data from Framingham Heart Study and
UKPDS, which highlighted the dramatic rise in cardiovascular risk associated with this comorbidity.

Pathophysiologically, the interplay of hemodynamic overload, hyperglycemia, oxidative
stress, and neurohormonal activation creates a vicious cycle leading to myocardial hypertrophy,
fibrosis, and electrophysiological instability. The strong correlation between blood pressure
variability, reduced heart rate variability, and arrhythmia incidence underscores the role of autonomic
imbalance. This supports the need for ABPM and Holter monitoring as essential diagnostic tools in
this patient population.

The therapeutic protocol applied in our study—empagliflozin combined with ACE
inhibitors—demonstrated significant benefits, consistent with outcomes of EMPA-REG OUTCOME
and DAPA-HF trials. The ability of SGLT2 inhibitors to lower hospitalization for heart failure by
approximately 30-35% was reflected in improved functional parameters and reduced arrhythmia
burden in our patients. The metabolic benefits of empagliflozin, including modest weight reduction
and improved lipid metabolism, are particularly relevant in regions with high prevalence of obesity
and metabolic syndrome.

The antiarrhythmic effect of Allapinin in our cohort is noteworthy. Although less widely
studied compared to other antiarrhythmics, its favorable safety profile and efficacy in suppressing
supraventricular tachyarrhythmias make it an attractive option in resource-limited settings.

From a regional perspective, the results highlight the urgent need for adapted protocols in
Uzbekistan and similar regions. Factors such as high dietary sodium intake, limited access to GLP-1
receptor agonists, and socioeconomic barriers to continuous monitoring necessitate pragmatic
approaches: prioritizing affordable medications, scaling up community-based education programs,
and integrating low-cost diagnostics.

Future studies should expand sample size, incorporate longer follow-up periods, and evaluate
hard endpoints such as hospitalization rates and cardiovascular mortality. Moreover, molecular
biomarkers of inflammation and fibrosis could provide deeper insights into disease mechanisms and
help personalize therapy.

Conclusions:

1. The comorbid course of arterial hypertension and type 2 diabetes mellitus is associated with
significant structural and functional alterations of the cardiovascular system, including left
ventricular hypertrophy, impaired contractile function, arrhythmias, and renal dysfunction.

2. Blood pressure variability and glycemic decompensation are key drivers of these pathological
changes.

3. Comprehensive therapy incorporating SGLT?2 inhibitors (empagliflozin), ACE inhibitors, and
antiarrhythmics (allapinin) provides significant improvement in hemodynamic parameters,
echocardiographic indices, metabolic control, and arrhythmia suppression.

4. ABPM and Holter monitoring are essential for individualized patient management, enabling
detection of hidden arrhythmias and nocturnal hypertension.

5. Regional adaptation of international guidelines is necessary in the Khorezm region,
emphasizing affordable pharmacological choices, dietary sodium restriction, antioxidant-rich
nutrition, patient education, and systematic follow-up.

6. Future research should focus on long-term outcomes, broader patient populations, and
integration of novel biomarkers to refine risk stratification and optimize therapy.
Considering the climatogeographic and demographic characteristics of individual regions (for

example, the Khorezm region). It is urgent to introduce adapted regional protocols for the
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management of patients with comorbid pathology, including modern diagnostic approaches and
pharmacotherapy algorithms.
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