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Abstract

In recent years, new strategies for the diagnosis and treatment of diabetes mellitus have been developed, with novel
diabetes stratifications emerging from the perspective of predicting metabolic disorders and complications to facilitate a
personalized treatment approach. The most noteworthy classification approach identifies five clusters, with three of them
specifically encompassing patients with type 2 diabetes: Severe Insulin-Resistant Diabetes; Mild Age-Related Diabetes, Mild
Obesity-Related Diabetes.

Objectives: to conduct a comparative analysis of laboratory parameters characterizing carbohydrate and lipid metabolism
in patients with different diabetes phenotypes, categorized according to cluster analysis criteria.

A retrospective analysis was conducted on data from 83 patients with type 2 diabetes mellitus who were hospitalized at the
endocrinology department of the Federal State Budgetary Institution "Central Clinical Hospital of Civil Aviation" between
2024 and 2025. The characteristics of the course of diabetes (age of onset, combination of complications, BMI, etc.), glycemic
and lipid profile indicators, insulin, and C-peptide in patients of clusters were assessed. Severe Insulin-Resistant Diabetes (39
people), Mild Age-Related Diabetes (18 people) and Mild Obesity-Related Diabetes (26 people).

Cluster-based classification shows promise for implementing a personalized treatment approach. The study established that
glycemic control was least effective in the Severe Insulin-Resistant Diabetes cluster, which also had the longest overall disease
duration. Patients in the Mild Age-Related Diabetes cluster achieved diabetes compensation more frequently and demonstrated
lower cardiometabolic risks. An earlier disease onset (Mild Obesity-Related Diabetes) did not consistently correlate with a
more severe disease course.

Keywords: type 2 diabetes, metabolic control, clusters, cardiovascular autonomic neuropathy, diabetes complications.
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AHHOTanus

B nocniegHue Tozbl JOPMUPYIOTCS HOBBIE CTPaTerry B JUAarHOCTHKE M JIeUeHHWH CaxapHoro AxabeTa, TIpeiaraloTcsi HOBbIe
cTpatudUKalMU CaxapHOro [quabera C TMO3ULIMK TMPOTHO3MPOBAHMSI MeTabOIMUEeCKUX HApYyLIEHUHM U OC/IOKHEHUH s
(hopMHpOBaHMsI TEePCOHATM3UPOBAHHOTO TMOAX0Aa K jeueHHto. Haubosiee MHTepecHOW MpefcTaB/sieTcs KiacCU(UKALUs C
BbIZIe/IeHHEeM MATH K/IaCTEPOB, TPU U3 KOTOPBIX BKIIIOUAOT MalpieHToB ¢ CI 2: TspKenblid MHCYTMHOPE3WCTeHTHBIN qraber —
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Severe Insulin-Resistant Diabetes; ymepeHHBIH, cBsizaHHBIN C oxupeHueM — Mild Age-Related Diabetes; ymepeHHBII
Bo3pacTHo# auabet — Mild Obesity-Related Diabetes.

Llenb wWccieOBaHUS: CPABHUTENBHBIA aHaIM3 JaHHBIX /1ab0OpaTOPHBIX TMOKa3aresield, XapaKTepH3yHIIUX COCTOSHHE
VIJIEBOAHOTO W JIMIMZAHOTO OOMEHa y MalMeHTOB C pa3/MuYHbIMKM (EHOTUIIAMH CaXapHOro AvabeTa, pacripefie/ieHHbIX B
COOTBETCTBHE C KPUTEPUSIMU K/IaCTePHOTO aHa/h3a.

ITpoBesieH peTpOCIIEKTMBHBIN aHaIM3 JaHHbIX 83-X MalMeHTOB C CaXapHbIM AuabeToM 2 TWIlA, FOCIUTAIM3UPOBAHHbIX B
SHO0KpUHOMornueckuii craipoHap ®I'BY «LKB rpaxkpaHckoi aBuammu» ¢ 2024-2025 roa. OrneHuBaau 0COOEHHOCTU
Teuennsi C/I (Bo3pacT Hauana 3abosieBaHUs], COBOKYMHOCTb OC/AMKHeHud, UMT u ap.), MOKasaTesd TTUKEMUUECKOTO M
JIMIMUAHOTO Tpodussi, uHCyanH, C-TienTH/ y MalMeHTOB U3 K/IaCTePOB TSDKEJIbIA MHCY/JIMHOPe3UCTeHTHbIN Auaber (39 uen.),
YMepeHHBIi, CBSI3aHHbIN C O>)KupeHHeM (18 uest.) 1 yMepeHHBIH Bo3pacTHOH Auabet (26 ven.).

[TpumeHeHYe KIaCcTepPHOTrO pacripeesieHus! MalfieHTOB SIB/ISIeTCS TIepCIIeKTUBHBIM HallpaB/ieHeM I1epCOHU(HULPOBaHHON
MeJULIVHBI, TI03BOJISIOLIMM ONTHMHM3UPOBATE TepareBTUUeCKHe TOAXOAbI U CHHU3WTh YaCTOTy DPa3BUTHs OCIOKHeHHWH. Ilo
K/IMHUYeCKUM [JaHHBIM ObLIO YCTAHOB/IEHO, UTO B KJIACTEPe «TsDKeJIbli MHCY/TMHOPEe3UCTeHTHBIN 1uabeT» KOHTPOJIb TIMKEMUH
Ob11 HarMeHee 3(beKTUBHBIM NpY Oosibliel 0011ell IPOAO/IKUTEILHOCTY 3a00/1eBaHys. Y NaljMeHTOB K/lacTepa «yMepeHHbIH,
CBSI3aHHBIN C O)KMpeHHeM» KoMIleHcalusi fuabera flocTUranach vaile, a KapauoMmerabonudyeckue pucku Oblay Hibke. bosee
paHHHUi1 1e610T B KJ1acTepe «yMepeHHbI BO3pacTHOI Auaber» He Bcerza o3Havas Oosiee TsDKeIoe TeueHue.

KnroueBble c/10Ba: caxapHblii Auaber 2 Tuma, MeTabo/MueCcKuii KOHTPO/Ib, K/IacTepbl, KapAUOBaCKy/IsipHasi aBTOHOMHAs
Helporarusi, OCJIOKHeHHs1 [uabeTa.

Introduction

Type 2 diabetes mellitus (T2DM) remains a critical public health concern in contemporary medical practice, largely
because of its propensity to trigger severe complications. The steadily rising prevalence of diabetes, coupled with elevated
mortality rates in affected individuals, underscores the urgent need for deeper investigation into the disease’s underlying causes
and pathophysiological mechanisms. Although advanced diagnostic tools and novel therapeutic and preventive strategies have
been introduced, the incidence of premature disability and death among working-age diabetic patients continues to climb. A
thorough analysis of current perspectives on the etiology and pathogenesis of carbohydrate metabolism dysregulation could
pave the way for more efficient approaches to diagnosing, managing, and preventing complications in people with diabetes [1],
[2].

In recent years, priority directions in diabetology have included both fundamental scientific research—such as studying
genetic forms of diabetes, including relatively rare ones, and identifying key pathogenetic mechanisms for each—and practical
aspects, which remain highly relevant. Despite all scientific advancements, diabetes remains a severe disease and is ranked
among the top four pathologies leading to high population mortality. A natural prospect for further combating diabetes is the
development of methods for early diagnosis and complication prevention, which requires reliable tools for prognosis
assessment and risk stratification. In recent years, attempts have been made worldwide to develop new stratifications of
diabetes. Therefore, it is crucial to conduct cluster analysis across different diabetes durations and in diverse cohorts to identify
phenotypic groups of T2DM and validate them through cluster reproducibility. Using topological analysis based on patient-
patient networks, three subgroups of T2DM have been identified. However, such classification requires patient genotype data,
which is difficult to implement in real-world clinical settings. In the studies by E. Ahlqvist et al., based on key features—
namely, patient age at disease onset, body mass index (BMI), GAD autoantibody testing, glycated hemoglobin (HbA1c) level,
insulin resistance index (HOMAZ2-IR), and basal -cell function (HOMA2-B)—five distinct groups (clusters) of diabetes have
been proposed:

1. Severe Autoimmune Diabetes (SAID).

2. Severe Insulin-Deficient Diabetes (SIDD).

3. Severe Insulin-Resistant Diabetes (SIRD).

4. Mild Obesity-Related Diabetes (MOD).

5. Mild Age-Related Diabetes (MARD).

The identification and study of diabetes clusters contribute to a better assessment of the clinical course of T2DM, the risk
of cardiovascular complications, and will optimize treatment and preventive measures [3].

Since insulin-independent forms of diabetes are significantly more common, and methods for a differentiated approach
require further refinement, we compared the characteristics of clinical manifestations, including metabolic control parameters,
specifically in patients from these groups [4].

Research methods and principles

A retrospective study examined medical records of 83 T2DM patients admitted to the Endocrinology Department of the
Central Clinical Hospital of Civil Aviation from 2024 to 2025. Key parameters—including age at diabetes onset, complication
profiles, BMI, glycemic and lipid markers, insulin levels, and C-peptide values—were analyzed across three clusters: SIRD (n
=39), MARD (n = 18), and MOD (n = 26)

The study was approved by the Ethics Committee of the Patrice Lumumba Peoples' Friendship University of Russia. —
protocol No 8 of 14.10.2025

Main results

Normality of the distribution was assessed using the Shapiro-Wilk test. Since the data did not follow a normal distribution,
subsequent calculations were based on the median [Me], and non-parametric statistical methods were used for analysis.

According to the clinical data, it was revealed that patients in the MARD group were older and had the highest age at
disease onset 72,5 [63;92]. Analysis of clinical data showed that patients from this group had the worst indicators for the
following parameters: arterial hypertension—18 patients (100%); chronic heart failure—3 patients (16.7%); ischemic heart
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disease—7 patients (38.9%); post-infarction cardiosclerosis - 3 patients (16.7%); angiopathy of the lower extremities—17
patients (94.4%). However, patients from the MARD group had the lowest incidence of some forms of diabetic neuropathy:
urogenital, gastrointestinal, cardiovascular autonomic neuropathy and peripheral neuropathy. They also had a lower body mass
index compared to other patients.

The MOD group (n = 26) was characterized by the youngest age of participants 61 [38;76] and the highest body mass
index—34.75 kg / m2. Participants in the MOD group had a low level of macrovascular complications. Arterial hypertension
(HTN) was diagnosed in 88.5% of patients, which is a high rate, but lower than in the SIRD (97.4%) and MARD (100%)
groups. The percentage of participants with chronic heart failure was 3.9%, which is the lowest rate among all the study
groups. Post-infarction cardiosclerosis was detected in 3.9% of patients, which corresponds to the minimum level. Lower
extremity angiopathy (LEA) was diagnosed in 84.6% of participants in the MOD group, however, these rates are lower than in
the SIRD (92.3%) and MARD (94.4%) groups. Chronic kidney disease (CKD) was diagnosed in 3.9% of participants in the
MOD group, indicating an extremely low rate of renal complications [5]. Despite the high frequency of lower extremity
angiopathy, the prognosis in the MOD cluster is more favorable compared to the MARD cluster (due to the absence of severe
macroangiopathy) and the SIRD cluster (due to a lower burden of microvascular complications) [6].

The SIRD group (n = 39) was characterized by a mean age of 68 [40;87] years and an age at diabetes onset of 51 [27;76]
years. BMI = 32,3 [23,4; 47,3] kg/m? confirmed the presence of obesity, but did not reach the level observed in MOD. Patients
with SIRD were found to have the most pronounced microvascular pathology: diabetic retinopathy (87.5%), CKD (71.8%),
and cataracts (69.2%). Peripheral polyneuropathy was diagnosed in 100% of patients, indicating severe damage to the
peripheral nervous system. The frequency of cardiac autonomic neuropathy (35.9%) was the highest among all the studied
clusters, which is associated with an increased risk of cardiovascular events. Macrovascular complications are also significant:
arterial hypertension (97.4%), lower extremity angiopathy (92.3%), and post-infarction cardiosclerosis (23.1%). The obtained
data suggest that SIRD is the cluster with the highest risk of developing micro- and macrovascular complications (Table 1) [7].

Table 1 - Clinical characteristics of the compared groups

DOI: https://doi.org/10.60797/IRJ.2026.167.30.1

Criteria SIRD MARD MOD
n 39 18 26
Middle age 68 [40;87] 72,5 [63;92] 61 [38;76]
Age of patients at the onset of the disease 51 [27;76] 63 [61;78] 47,5 [30;62]
BMI, kg/m?2 32,3 [23,4;47,3] 29,8 [22,83;50,1] 33,26 [26,4;52]
Complications
. . . n 35 14 20
Diabetic retinopathy
% 87.5 77.8 76.9
n 27 11 14
Cataract
% 69.2 61.1 53.9
n 28 7 1
CKD
% 71.8 38.9 3.9
Lower extremity n 36 17 22
angiopathy % 92.3 94.4 84.6
Coronary heart n 9 7 9
disease % 23.1 38.9 34.6
n 2 3 1
PICS
% 5.1 16.7 3.9
n 3 3 1
CHF
% 7.7 16.7 3.9
n 38 18 23
AG
% 97.4 100 88.5
Peripheral n 39 17 26
polyneuropathy % 100 94.4 100
n 14 2 5
CAN
% 35.9 11.1 19.2
DAN n 7 0 3
gastrointestinal form % 17.9 0 115
DAN urogenital n 6 1 2
form % 15.4 5.6 7.7
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Note: BMI — body mass index, CKD — chronic kidney disease; IHD — ischemic heart disease; PICS — post-infarction
cardiosclerosis; CHF — chronic heart failure; AG — arterial hypertension; CAN — cardiac autonomic neuropathy; DAN —
diabetic autonomic neuropathy

International Research Journal = Ne 5 (167) = May

The average age at which T2DM manifested differed notably across the identified clusters. The MOD cluster exhibited the
youngest mean onset age, reaching 47,5 [30;62] years. This early emergence aligns with the cluster’s strong link to obesity and
metabolic syndrome—conditions typically arising during young adulthood and middle age.

In contrast, the SIRD cluster showed a slightly later average onset at 51 [27;76] years. The MARD cluster demonstrated
the oldest mean age of T2DM onset, at 63 [61;78] years, which corroborates its association with age-dependent metabolic
shifts and declining (3-cell functionality.

Regarding disease duration, the SIRD cluster had the longest average span of T2DM, amounting to 17 [0;38] years. This
extended duration likely contributes to more severe disturbances in carbohydrate metabolism and greater challenges in
reaching glycemic control. Patients in the MARD cluster experienced a markedly shorter disease course, with an average
duration of 6,5 [0;16] years. Meanwhile, individuals in the MOD cluster had an intermediate duration of 13,5 [3;27] years.

A comprehensive evaluation of the metabolic and clinical characteristics among T2DM patients underscored substantial
variations across the patient clusters (Table 2) [8].

Thus, the postprandial glycemia level in the SIRD cluster was significantly higher (8,28 [4,09;17,7] mmol/L) than in the
cluster MOD (6,35 [4,08;10,13] mmol/L). This indicates more pronounced postprandial hyperglycemia and, likely, a more
severe degree of insulin resistance in patients with SIRD.

Glycemic control efficacy also differed between clusters. Target glycated hemoglobin levels (HbA1lc < 7%) were achieved
in 66.7% of patients in the MARD cluster, while in the SIRD and MOD clusters this figure was significantly lower—25.6%
and 26.9%, respectively. These data indicate that, despite the advanced age of patients in the MARD cluster, diabetes is milder
and more responsive to treatment [9].

Cardiometabolic parameters also varied across clusters. High-density lipoprotein cholesterol (HDL-C), an important
marker of cardiovascular risk, was significantly higher in the MARD cluster (1,24 [0,86;2,05] mmol/L) compared with the
MOD cluster (1,08 [0,72;1,62] mmol/L, p < 0.01). This indicates a more favorable lipid profile and a reduced risk of
atherosclerotic complications in patients with age-related diabetes [10].

Table 2 - Metabolic control indicators in patients with diabetes mellitus in the compared clusters

DOI: https://doi.org/10.60797/IRJ.2026.167.30.2

Indicator 3 SIRD (39) 4 1\31/;?]3 5 MOD (26) P1 P2 P3
Postprandial glycemia, 8,28 7,35 6,35
mmol/L. [4,09;17,7] | [4,01:20,3] |[4,08:10,13]| 0861 0.006 0.098
Target HbAlc, % 7,5[6,5;8] | 7,5[7;8] |7,51[6,5;7,5] 0.481 0.001 0.043
7,15 8,1
0, . ’ )
HbA1C, % 9[5,8;13,9] [5.3:14,3] [5,4:11,3] 0.013 0.009 0.718
1,18 1,24 1,08
HDL cholesterol, mmol/l [0,71:1.63] | [0,86:2,05] | [0.72:1.62] 0.183 0.129 0.028
Onset of type 2 diabetes | 51 [27;76] | 63 [61;78] |47,5[30;62]| <0.001 0.279 <0.001
Duration of the disease 17 [0;38] 6,5 [0;16] | 13,5[3;27] <0.001 0.052 0.006
HbA1lc n 10 12 7
target o 0.004 0.944 0.009
achieved % 25.6 66.7 26.9

Note: Data is presented as M+SD, P1-reliability of the difference in clusters SIRD vs MARD, P2 -reliability of the difference in
clusters SIRD vs MOD, P3 clusters reliability of the difference in clusters MARD vs MOD

Discussion

The evolution of diabetology into a mature scientific discipline has spurred the creation of innovative methodological
frameworks. While a segment of the research community maintains that contemporary approaches significantly enhance our
comprehension of DM, they caution against hastily discarding the established classification system, deeming such a move
premature. Advocates of the novel classification contend that it offers a more nuanced representation of underlying
pathogenetic pathways and facilitates tailored therapeutic decision-making.

Nevertheless, the translation of this theoretically sound and prognostically valuable classification into routine clinical
workflows encounters multiple practical hurdles.

To begin with, precise categorization of patients into specific clusters necessitates a battery of laboratory assessments—
notably HOMA indices—which are frequently inaccessible in many healthcare settings.
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Furthermore, the demarcation lines between clusters often prove indistinct, particularly among individuals exhibiting
borderline parameter values. This ambiguity underscores the urgent need for refined validation procedures and standardized
diagnostic thresholds.

Lastly, the long-term efficacy of cluster-specific therapeutic strategies remains insufficiently documented. Robust evidence
from large-scale randomized controlled trials is still lacking, leaving critical questions unanswered regarding the sustained
benefits of personalized treatment paradigms for each cluster..

The increasing global incidence of T2DM underscores the critical need for refined patient stratification approaches [11].

Conclusion

Recent research employing cluster analysis to categorize T2DM patients has uncovered notable heterogeneity in their
clinical presentations, metabolic profiles, and long-term outcomes.

Among the identified clusters, SIRD group exhibited the most aggressive disease trajectory. This subgroup was
distinguished by persistently elevated post-meal blood glucose levels, suboptimal HbA1c control, the longest average duration
of diabetes, and a disproportionately high incidence of both microvascular and macrovascular complications.

Conversely, individuals classified in the MARD cluster showed comparatively better glycemic management and a more
advantageous lipid profile. These findings suggest a lower propensity for cardiometabolic complications in this subgroup.

Interestingly, the MOD cluster presented a unique pattern: despite an earlier onset of T2DM, these patients maintained
glycemic control comparable to other clusters. This observation challenges the conventional assumption that younger age at
diagnosis necessarily correlates with more severe disease progression.

These insights demonstrate that cluster-based stratification of T2DM patients holds substantial potential for advancing
personalized medicine. By enabling more precise diagnosis, prognosis estimation, and therapeutic decision-making, this
approach could significantly enhance clinical outcomes and mitigate complication risks in diabetes management.
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