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LIST OF ABBREVIATIONS 
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 FBG  – Fasting Blood Glucose  
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 GLP1-RA – Glucagon-Like Peptide-1 Receptor Agonists  

 HbA1c – Glycated Hemoglobin  

 HDL-C – High-Density Lipoprotein Cholesterol  

 IRI – Immunoreactive Insulin  

 LDL-C – Low-Density Lipoprotein Cholesterol  

 MS – Metabolic Syndrome  

 OGTT – Oral Glucose Tolerance Test  

 SGLT2-i – Sodium-Glucose Cotransporter-2 Inhibitors  

 SU – Sulfonylureas  

 T3 – 3,5,3'-Triiodothyronine  

 T4 – Thyroxine / Tetraiodothyronine  

 TgAb – Anti-Thyroglobulin Antibodies  

 TZDs – Thiazolidinediones  

 TPOAb – Anti-Thyroid Peroxidase Antibodies  

 TRAb – Thyrotropin Receptor Antibodies  

 TSH – Thyroid-Stimulating Hormone  

 T1DM – Type 1 Diabetes Mellitus  

 T2DM – Type 2 Diabetes Mellitus  
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1.Introduction  

Over the past century, life expectancy has increased significantly due to substantial 

improvements in socio-economic and living conditions, combined with accessible medical care 

for those in need. Until the 18th century, because of major epidemics, poverty, and famine, only 

a small portion of the population survived past the age of 30. In 2023, individuals aged over 65 

accounted for 10.17% of the total global population, with Bulgaria ranking 11th at 21.83% (1). 

Global life expectancy in 2000 was 66.2 years, rising to 69.7 years in 2010, and increasing 

further to 73.33 years in 2024, representing a 0.23% increase compared to 2023 (2). All these 

data underscore the necessity for medical professionals to increase focus on the specific clinical 

course, treatment, and prevention of chronic diseases, such as diabetes mellitus, in the elderly 

population requiring long-term care. 

There are over 300 known theories attempting to explain why the human organism ages, with the 

most prominent emphasizing causes such as free radical-induced oxidative stress, changes in the 

body's immunological function, and telomere shortening (3). Numerous external factors, 

including air pollution, daily UV exposure, tobacco smoking, alcohol consumption, and 

malnutrition, contribute to the progression of cellular senescence. 

Elevated glucose levels in patients with diabetes mellitus lead to various alterations in cellular 

function and even to cell death – apoptosis. Glucose-dependent cellular damage forms the 

underlying basis of late-stage diabetic complications (4). In patients over 65 years of age, micro- 

and macrovascular diabetic complications are accompanied by a number of geriatric syndromes, 

such as dementia, depression, falls resulting in fractures, and urinary incontinence (5). Medical 

professionals face complex choices when considering therapeutic management for this patient 

cohort, given the often atypical clinical presentation, polymorbidity, and polypragmasia. The 

severely compromised adaptive capacity of the organism, the progressive nature of its involution 

and atrophy, often coupled with significantly more severe and complex endocrine pathology, 

create a major health, medico-social, and economic challenge. 

In Bulgaria, there is a lack of contemporary, targeted research on adapting diagnostic and 

therapeutic algorithms for socially significant, prevalent endocrine conditions like diabetes 

mellitus, specifically type 2 diabetes in the elderly and advanced age groups. Furthermore, the 

impact of age at diabetes onset on its clinical course and the development of complications has 

not been systematically investigated in our country, particularly regarding its specific types. The 

purpose of this scientific work is to elucidate the role of age in the development and clinical 

course of diabetes mellitus, to identify close interrelationships between other comorbidities and 

present diabetes, and to demonstrate the effect of treatment with various drug classes on 

glycemic control within the studied patient cohort. 
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2. AIM  

The aim of this dissertation is to investigate the influence of age on the clinical course of 

diabetes mellitus (DM) and the development of late degenerative complications in a hospitalized 

population with proven type 1 and type 2 DM – both as isolated conditions and within the 

framework of metabolic syndrome – while analyzing the differences between the main types of 

DM regarding clinical presentation, clinico-laboratory parameters, and comorbidities. 

3. OBJECTIVES 

1. To elucidate the relationship between age and the type of DM. 

2. To study the interrelation of age with the type and frequency of the most common 

comorbidities in patients with the main types of DM, aiming to improve diagnostic and 

therapeutic strategies. 

3. To analyze the impact of age and the type of DM on the prevalence and characteristics of 

diabetic microangiopathy within the studied hospitalized population. 

4. To analyze the role of age on specific clinico-laboratory parameters in both major types 

of DM. 

5. To determine the frequency of age-related DM according to cluster classification within 

the studied hospitalized population with DM. 

4. MATERIALS AND METHODS 

4.1. Study Design 

In order to achieve the established aims and objectives, a retrospective, observational study was 

conducted on a Bulgarian population of hospitalized patients (n=286), including both men and 

women aged 18 to 96 years, with a mean age of 61.23±0.88 years (mean ± SEM). The cohort 

presented with diagnosed T1DM, isolated T2DM, or T2DM within the framework of fully 

developed metabolic syndrome. The mean duration of DM among the evaluated patients was 

12.26 years. Individuals under the age of 18 were excluded from the study in compliance with 

the National Health Insurance Fund (NHIF) criteria for admission to healthcare facilities for the 

diagnosis and treatment of adults. 

The study adheres to all scientific and ethical standards and criteria and was approved by the 

Committee on Scientific Ethics of the Research Activity Council at the Medical University of 

Plovdiv – Meeting No. 4, held on April 10, 2025. 

4.2. Study Setting  

The study included a total of 286 patients, with a hospital stay ranging from 2 to 13 days, 

admitted to the Clinic of Endocrinology and Metabolic Diseases at "St. George" University 

General Hospital – Plovdiv. 

4.3. Characteristics of the Assessments Conducted During the Study  

During the course of the study, a comprehensive database was compiled in a Microsoft Excel 

spreadsheet. The evaluated parameters included age, sex, height, weight, BMI, length of stay, 

and the reason for admission (emergency or elective admission), family history of DM and other 

diseases, duration of DM, and documented complications (diabetic micro- and 

macroangiopathy). The administered therapeutic regimens were analyzed, including non-insulin 

antidiabetic medications (metformin, sulfonylureas, thiazolidinediones, alpha-glucosidase 

inhibitors, DPP4 inhibitors, SGLT2 inhibitors, and GLP1RAs) and insulin (rapid-acting and 
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intermediate-acting human insulin; rapid-acting, long-acting, or ultra-long-acting analog insulin; 

and analog/human insulin mixtures). 

4.4. Laboratory Parameters  

All clinical laboratory tests were performed at the Central Clinical Laboratory of "St. George" 

University General Hospital – Plovdiv, with the exception of the islet cell autoantibody panels, 

which were analyzed in external laboratories. 

During the course of the study, the following primary parameters were evaluated: HbA1c, 

glucose profile, mean blood glucose, immunoreactive insulin (IRI), C-peptide, islet cell 

autoantibody panel; and urinalysis parameters, including pH, specific gravity, and the presence 

of urinary glucose, ketones, microalbuminuria, proteinuria, bacteriuria, along with the isolated 

bacterial species. In addition, the levels of hemoglobin, hematocrit, erythrocytes, leukocytes, 

platelets, erythrocyte sedimentation rate (ESR), and biochemical parameters – such as urea, 

creatinine, uric acid, total protein, albumin, lipid profile, liver transaminases, total and direct 

bilirubin, electrolytes, and thyroid hormones/antibodies (TSH, FT3, FT4, TRAb, TPOAb, TgAb) 

– were analyzed. 

Systematic internal laboratory quality control and external quality assessment of results were 

maintained for all evaluated parameters through participation in national and international 

programs, for which the Clinical Laboratory of "St. George" University General Hospital holds 

the respective certificates. Blood samples for clinical laboratory testing were collected using a 

closed system for biological material collection (Sarstedt S-Monovette Serum Z / 2.7 ml; 

Sarstedt S-Monovette K3 EDTA / 2.6 ml). The biological material – venous blood – was 

collected in the morning (between 7:00 AM and 9:00 AM) under fasting conditions, strictly 

adhering to all standard and specific prerequisites for patient preparation and specimen 

collection. After clot formation, the collected blood was centrifuged for 10 minutes at 3000 rpm 

to separate the serum. A portion of it was immediately utilized for the determination of 

hematological and clinical chemistry parameters, including hormones and antibodies. 

4.4.1. Hematological Parameters  

Hematological analyses (leukocytes, erythrocytes, platelets; determination of hemoglobin 

concentration, hematocrit, and erythrocyte and platelet indices) were performed in whole blood 

with EDTA anticoagulant on an Advia 2120 automatic hematology analyzer (Siemens 

Healthcare, Germany). 

4.4.2. Clinical Chemistry Parameters  

Clinical chemistry parameters evaluated included: FBG (fasting blood glucose), liver enzymes – 

AST (aspartate aminotransferase), ALT (alanine aminotransferase), GGT (gamma-glutamyl 

transpeptidase), ALP (alkaline phosphatase), urea, Crea (creatinine), TC (total cholesterol), 

HDL-C (HDL cholesterol), TG (triglycerides), URAC (uric acid), TPROT (total protein), and 

ALB (albumin). The analyses were performed on an AU 480 clinical chemistry analyzer 

(Beckman Coulter, USA) using original programs with conventional analytical principles of the 

applied methods. 

For the determination of glycated hemoglobin (HbA1c), a laboratory methodology certified by 

the National Glycohemoglobin Standardization Program (NGSP) and standardized against the 

Diabetes Control and Complications Trial (DCCT) assay method was utilized. 
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4.4.3. Hormonal Parameters 

 Thyroid-stimulating Hormone (TSH) 
Reagents: CLIA (Chemiluminescent Immunoassay) – kit by Beckman Coulter, Inc., Ireland. 

Assay Principle: Sandwich immunochemical assay. Analyzer: Access 2 Immunoassay System, 

Beckman Coulter, Inc., USA.Reference Range: 0.34 – 5.60 mIU/L. 

 Free Thyroxine (FT4) 
Reagents: CLIA (Chemiluminescent Immunoassay) – kit by Beckman Coulter, Inc., 

Ireland.Assay Principle: Competitive immunochemical assay. Analyzer: Access 2 

Immunoassay System, Beckman Coulter, Inc., USA.Reference Range: 7.86 – 14.41 pmol/L. 

 Free Triiodothyronine (FT3) 
Reagents: CLIA (Chemiluminescent Immunoassay) – kit by Beckman Coulter, Inc., 

Ireland.Assay Principle: Competitive immunoenzymatic assay. Analyzer: Access 2 

Immunoassay System, Beckman Coulter, Inc., USA.Reference Range: 3.8 – 6.0 pmol/L. 

 Thyroperoxidase Antibody (TPO-Ab) 
Reagents: CLIA (Chemiluminescent Immunoassay) – kit by Beckman Coulter, Inc., 

Ireland.Assay Principle: Sandwich immunochemical assay. Analyzer: Access 2 Immunoassay 

System, Beckman Coulter, Inc., USA.Reference Range: 0 – 9 IU/ml. 

 Thyroglobulin Antibody (Tg-Ab) 
Reagents: CLIA (Chemiluminescent Immunoassay) – kit by Beckman Coulter, Inc., 

Ireland.Assay Principle: Sandwich immunochemical assay. Analyzer: Access 2 Immunoassay 

System, Beckman Coulter, Inc., USA.Reference Range: 0 – 4 IU/ml. 

 Anti-TSH Receptor Antibody (TRAb) ELISA (IgG) 
Reagents: Anti-TSH Receptor (TRAb) ELISA kit by EUROIMMUN Medizinische 

Labordiagnostika AG, Germany, Cat. No: EA 1015-9601 G. Analyzer: ELISA system 

(Multiskan reader with specialized software and Wellwash 4 MK2 microplate washer).Assay 

Principle: TRAb from plasma (Ab) binds to TSH receptors fixed on the solid phase (Ag). An 

Ab-Ag* complex is formed.Reference Range: 0 – 4 IU/ml. 

 Insulin (Ultrasensitive insulin) 
Reagents: CLIA (Chemiluminescent Immunoassay) – kit by Beckman Coulter, Inc., 

Ireland.Assay Principle: Sandwich immunochemical assay. Analyzer: Access 2 Immunoassay 

System, Beckman Coulter, Inc., USA.Reference Range: 1.9 – 23.0 μIU/mL. 

 

Homeostatic Model Assessment for Insulin Resistance (HOMA-IR) is utilized to evaluate 

disorders in carbohydrate metabolism, confirming or ruling out insulin resistance. For its 

calculation, preprandial (fasting) blood glucose and immunoreactive insulin values were applied 

using the following formula: HOMA = Glucose (mmol/l) x Insulin (μIU/mL)/22.5 

Interpretation: HOMA-IR< 2.5: Normal, HOMA-IR  2.5 - 5.0: Borderline / Risk zone, HOMA-

IR > 5.0: High insulin resistance 

4.5. Instrumental Investigations  

Thyroid ultrasound examination was performed in 237 of the patients (using Sonoace 1500 and 

Esaote MyLab devices) at the Clinic of Endocrinology and Metabolic Diseases at "St. George" 

University General Hospital – Plovdiv. 

 



 

~ 9 ~ 
 

4.6. Methods Used 

A. Sociological Methods 

Documentary method (medical records analysis): Review and analysis of outpatient charts, 

hospital discharge summaries, clinical laboratory test results, and other relevant medical 

documentation. 

B. Statistical Methods 

Statistical Software: IBM SPSS Statistics 25 software was utilized for data processing and 

analysis. 

Descriptive Analysis: The distribution of the evaluated parameters across the study groups was 

presented in tabular format. 

Graphical Analysis: The obtained results were visualized using various types of charts and 

diagrams. 

Kruskal-Wallis Test (for assessing the association of parameters with age and diagnosis): 
This non-parametric test was applied to compare more than two independent samples. It was 

performed separately for both factors – age and diagnosis – each consisting of three categories. A 

p-value less than 0.05 (p < 0.05) was used to reject the null hypothesis of a statistically non-

significant relationship between the two variables. 

Crosstabulation (Two-Way Contingency Tables) with Built-In Pairwise Comparisons of 

Proportions: For each factor placed in the table columns, a Z-test was applied to compare the 

equality of each pair of column proportions (percentages) within each row. A significance level 

of 0.05 was used for these tests, adjusting for multiple comparisons using the Bonferroni 

correction. The results of these pairwise tests are presented using a lettering system. 

5. RESULTS, DISCUSSION, AND CONCLUSIONS 

5.1. Characteristics of the Evaluated Patients  

For the period from February 2022 to October 2024, a total of 286 patients aged 18 to 96 years – 

151 women and 135 men – were enrolled in the study. Elective hospitalizations accounted for 

86.3% of the cohort, while the remaining patients were admitted on emergencies or transferred 

from other clinics due to acute decompensation of their present DM. 

 

 
Figure 1. Gender distribution of patients 

 

To elucidate the role of age, the evaluated patients were categorized into the following 6 groups: 

patients aged 18–65 years, 65–70 years, 70–75 years, 75–80 years, 80–85 years, and over 85 

135 151 

Gender Distribution 

men
women
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years. During the course of the study, in order to ensure a larger sample size within each specific 

age cohort, the patients were also analyzed collectively by being classified into 3 broader age 

groups: 18–65 years, over 65 years, and over 75 years. The calculated mean age was 61.23 years 

(Mean: 61.23, Standard Error of the Mean [SEM]: 0.88, Valid N: 286). 

 

 
Figure 2. Distribution of patients by age 

 

Based on the established diagnosis, the patients were assigned to 3 groups according to the type 

of DM: patients with T1DM (n=39), patients with T2DM (n=140), and those with present T2DM 

within the framework of metabolic syndrome (n=105). In two of the patients, hyperglycemia was 

observed secondary to the administration of high-dose glucocorticoids; these individuals were 

excluded from subsequent data processing due to the small sample size of this subgroup. 

The differentiation of the primary types of DM was performed based on a meticulous analysis of 

medical records. The classification of patients receiving insulin therapy as type 1 or type 2 was 

based on prior or additionally conducted laboratory evaluations. The diagnostic criteria for newly 

diagnosed DM were: 

     1.Presence of clinical signs characteristic of the disease (polydipsia-polyuria syndrome and 

weight loss) combined with a random plasma glucose measurement above 11.1 mmol/L (taken at 

any time of the day regardless of the time elapsed since the last meal); 

     2.Fasting plasma glucose above 7.0 mmol/L, with a compliance interval of at least 8 hours of 

fasting since the last meal; 

     3.2-hour plasma glucose above 11.1 mmol/L during an Oral Glucose Tolerance Test (OGTT); 

     4.HbA1c above 6.5%, determined using a laboratory methodology certified by the NGSP and 

standardized against the DCCT assay. 

The diagnostic criteria for metabolic syndrome were strictly adhered to, requiring the presence of 

central (centripetal) obesity – defined as an increased waist circumference > 94cm for men and > 

80cm for women of the Caucasian race – plus 2 or more of the following 4 factors: 

1. Elevated triglyceride levels > 1.7 mmol/L or receiving medication for dyslipidemia; 

2. Reduced HDL cholesterol levels < 1.0 mmol/L for men and < 1.3 mmol/L for women or 

receiving medication for dyslipidemia; 

3. Elevated blood pressure – systolic >130 mmHg and/or diastolic >85 mmHg or receiving 

antihypertensive medication; 

4. Elevated fasting plasma glucose > 5.6 mmol/L or receiving glucose-lowering medication 

(9). 

Patients with secondary (symptomatic) DM and women with gestational DM were excluded 

from the study. 

163 
34 

48 
25 8 8 

Age 

18-65

65-70
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75-80

80-85
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41 
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Figure 3. Distribution of patients according to the type of DM 

 
Figure 4. Distribution of patients by gender and type of DM 

 

Within the analyzed population sample of hospitalized patients, T2DM demonstrated the highest 

prevalence, occurring at a slightly higher percentage in women compared to men (52.3% vs. 

45.9%). Conversely, T2DM within the framework of metabolic syndrome (MS) was more 

common in men (42.1% vs. 32.5% in women). An opposite trend was observed regarding 

T1DM, the prevalence of which was higher among the female sex (15.2% compared to 12% in 

the male sex). 

The calculated mean duration of DM among the evaluated patients was 12.26 years. 

A total of 63 patients presented with normal body weight (BMI < 25kg/m
2
), while 79 patients 

presented as overweight (BMI 25-29.9 kg/m
2)

. Individuals with obesity were distributed 

according to the degree of obesity as follows: class 1 obesity (BMI 30 - 34.9 kg/m
2
) – n=96; 

class 2 obesity (BMI 35 - 39.9 kg/m
2
) – n=27; and class 3 obesity (BMI >40 kg/m

2
) – n=21. 

 
Figure 5. Distribution of patients by BMI 
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We analyzed our study cohort of 286 hospitalized patients with DM (151 women and 135 men) 

aged 18 to 96 years, based on 5 parameters: age, BMI, HbA1c, presence of anti-GAD65 

antibodies, and assessment of insulin resistance (HOMA-IR). The objective was to stratify them 

into the distinct clusters defined by several authors in recent years: Severe Autoimmune Diabetes 

(SAID), Severe Insulin-Deficient Diabetes (SIDD), Severe Insulin-Resistant Diabetes (SIRD), 

Mild Obesity-Related Diabetes (MOD), and Mild Age-Related Diabetes (MARD). Disease 

duration and the modality of insulin therapy were also taken into account. 

The following criteria were utilized to stratify the hospitalized patients into groups: 

            Cluster 1 – Severe Autoimmune Diabetes (SAID): Characterized by an early onset of 

the disease, BMI< 25 kg/m
2
, poor glycemic control (elevated HbA1c > 9%), and the presence of 

anti-GAD65 antibodies. 

            Cluster 2 – Severe Insulin-Deficient Diabetes (SIDD): This phenotype shares the same 

clinical characteristics as Cluster 1, with one significant distinction – the absence of anti-GAD65 

antibodies. In this category, for patients with no available data regarding antibody testing, a DM 

duration of less than 15 years and the presence of insulin therapy were taken into account. 

            Cluster 3 – Severe Insulin-Resistant Diabetes (SIRD): Characterized by a BMI> 25 

kg/m
2
 and high insulin resistance (elevated HOMA-IR >5), but with a lower HbA1c level 

ranging between 7.5% and 9%. 

            Cluster 4 – Mild Obesity-Related Diabetes (MOD): Comprising patients with a high 

BMI > 30 kg/m
2
 but without insulin resistance, and an HbA1c level up to 7.5%. 

            Cluster 5 – Mild Age-Related Diabetes (MARD): This group includes patients with an 

onset of diabetes after the age of 65, without insulin resistance (HOMA-IR < 2.5), and presenting 

with milder metabolic derangements. 

The presence of a family history of DM among first-degree relatives was also taken into account; 

48.4% of the patients reported a positive family history, while 51.6% reported none. The highest 

percentage of patients with a family history of DM was observed in the 65–75 age interval 

(55.6%), as well as among patients suffering from DM within the framework of metabolic 

syndrome (59.6%). The most frequently reported other comorbidities in the families of the 

evaluated subjects were thyroid pathology, cardiovascular diseases, and malignancies, followed 

by Parkinson's disease. 

 
Figure 6. Percentage distribution according to the presence/absence of a family history of DM 

48.4% 51.6% 

Family history of DM 

yes

no
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Age Diagnosis Total 

18-65 65-75 >75 T1DM T2DM 

T2DM+

MS 

 (A) (B) (C) (A) (B) (C) (A) 

 

Family history of DM               yes Col% 49,4% 55,6% 

C 

30,0% 37,8% 42,8% 59,6% 

B 

48,4% 

                   Table 1. Distribution of patients with a family history of DM by age and diagnosis 

 

5.2. Correlation between age and diagnosis – Objective 1 

 

In fulfillment of Objective 1, we analyzed the age of clinical onset of DM in the study cohort, 

revealing significant differences depending on the type of the disease. The mean age of onset in 

patients with documented T1DM was expectedly the lowest – 23.08±2.68 years (mean±SEM). A 

later onset was observed in T2DM – 54.24±1.1 years. In the group of patients with T2DM within 

the framework of MS, the disease debuted at an earlier age interval – 50.04±1.04 years. 

To uncover the association between age and the established diagnosis, we utilized two-way 

contingency tables between factors and indicators, incorporating an embedded test for comparing 

the relative proportions of indicator categories across the factor groups. For each of the factors 

arranged in the columns of the tables, a Z-test for the equality of each pair of percentages within 

the row was applied. A significance level of 0.05 was used for the tests, with a Bonferroni 

correction for multiple comparisons. The results of the pairwise tests are presented using a 

lettering system. 

We established the following associations: 

1. Expectedly, the prevalence of T1DM was highest among younger patients in age group A 

(18–65 years) at 21.7%, followed by group B (65–75 years) at 4.9%. Notably, no patients 

with T1DM were found in group C (over 75 years) within the studied population. This 

can be attributed to the development of multiple severe complications over time—such as 

diabetic micro- and macroangiopathy—combined with numerous other comorbidities, 

leading to reduced life expectancy or hospitalization in other specialized clinical units 

according to the leading non-endocrine pathology in advanced age (cardiovascular, 

pulmonary, renal, etc.). 

2. Older patients aged over 75 years (group C) predominantly presented with T2DM at 

82.9%, followed by groups B and A at 52.4% and 39.1%, respectively. 

3. T2DM within the framework of MS predominated in the age interval under 75 years, 

with its highest prevalence observed in patients between 65 and 75 years of age (group B) 

at 42.7%, followed by group A (18–65 years) at 39.1% 

 

 

Age 

18-65 65-75 >75 

Total (A) (B) (C) 



 

~ 14 ~ 
 

   

 

 

    

Diagnosis 

T1DM Column N 

% 

21,7% 

B 

4,9% 0,0%
1
 13,7% 

T2DM Column N 

% 

39,1% 52,4% 82,9% 

A B 

49,3% 

T2DM + 

MS 

Column N 

% 

39,1% 

C 

42,7% 

C 

17,1% 37,0% 

Total Count 161 82 41 284 
Results are based on two-sided tests. For each significant pair, the key of the category with the smaller 

column proportion appears in the category with the larger column proportion. 

Significance level for upper case letters (A, B, C): 0,052 

1. This category is not used in comparisons because its column proportion is equal to zero or one. 

2. Tests are adjusted for all pairwise comparisons within a row of each innermost subtable using the 

Bonferroni correction. 

                                     Table 2. Distribution of patients by age interval and diagnosis 

 

5.3. Comorbidities – Objectives 2 and 3  

5.3.1. RESULTS 

In this study, we also included all registered comorbidities among the hospitalized patients, 

aiming not only to substantiate the already established correlations between DM and 

cardiovascular diseases but also to uncover new associations to improve the comprehensive care 

of patients with DM in clinical practice. Table 3 presents all comorbidities with a prevalence 

exceeding 3% within the study population. 

Comorbidities % 

A Arterial hypertension 81.1% 

Ischemic heart disease 42.7% 

Cardiac rhythm and conduction disorders 13.3% 

Heart failure 13.3% 

Dyslipidemia 12.2% 

Cerebrovascular disease 10.8% 

Ischemic stroke 8.4% 

Myocardial infarction 8.4% 

Autoimmune thyroid disease 7.7% 

Chronic kidney disease 7.7% 

Gout 6.6% 

Anemia 6.3% 

Coronary artery stent placement 6.3% 

COPD 4.9% 

Osteoarthritis 4.5% 

Hepatic steatosis 4.5% 

Benign prostatic hyperplasia 3.1% 

                                Table 3. Prevalence of comorbidities in a hospitalized population with DM 
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Arterial hypertension and ischemic heart disease demonstrated the highest prevalence, at 81.1% 

and 42.7% respectively; as expected, their prevalence was highest in patients over 65 and over 

75 years of age, as well as in patients with T2DM and T2DM within the framework of MS 

compared to the T1DM group. Cardiac rhythm and conduction disorders, and heart failure 

presented with an identical frequency of 13.3%, again significantly prevailing among geriatric 

patients and showing a higher prevalence in T2DM compared to T1DM. Dyslipidemia also 

expectedly prevailed in the T2DM group, particularly within the framework of MS (17.1%), with 

the most affected age group being 65–75 years (15.9%). The rates of myocardial infarction and 

stent placement were highest in the same 65–75 age group, at 13.4% and 14.6%, respectively. 

Cerebrovascular disease and a history of stroke also increased with age and were highest in older 

individuals over 75 years; while predominantly characteristic of T2DM, CVD was also observed 

in 7.7% of patients with T1DM. A statistically significant difference was observed in the 

presence of chronic kidney disease (CKD) among diabetic patients over 75 years of age 

compared to those under 65 years. Gout was most frequent in the 65–75 age group (11%). 

Anemic syndrome exhibited the highest prevalence among the advanced age group over 75 years 

(22%) and in patients with DM without MS (10%). The types of anemia analyzed include: 1) 

Anemias resulting from ineffective erythropoiesis – iron-deficiency anemias due to inadequate 

dietary iron intake or impaired intestinal absorption; 2) Anemias secondary to insufficient 

erythropoietin secretion – associated with chronic kidney disease; 3) Anemias secondary to 

malignancies and/or tumor metastases. The prevalence of COPD and osteoarthritis increases with 

age, with the latter occurring predominantly in T2DM. Interestingly, the prevalence of hepatic 

steatosis was significantly higher in the age group under 65 years and demonstrated a trend 

toward higher rates in T1DM. 

 

 

Age Diagnosis Total 

18-65 65-75 >75 T1DM T2DM 

T2DM+ 

MS Total 

(A) (B) (C) (A) (B) (C) (A) 

Diseases Arterial hypertension Col % 71,8% 93,9% 

A 

92,7% 

A 

35,9% 90,7% 

A 

86,7% 

A 

81,1% 

Ischemic heart disease Col % 34,4% 52,4% 

A 

56,1% 

A 

12,8% 52,1% 

A 

41,9% 

A 

42,7% 

Cardiac rhythm and 

conduction disorders 

Col % 6,1% 22,0% 

A 

24,4% 

A 

7,7% 15,0% 13,3% 13,3% 

Heart failure Col % 8,6% 17,1% 24,4% 

A 

5,1% 11,4% 19,0% 13,3% 

Dyslipidemia Col % 9,8% 15,9% 14,6% 2,6% 11,4% 17,1% 12,2% 

Cerebrovascular disease Col % 6,7% 11,0% 26,8% 

A 

7,7% 12,1% 10,5% 10,8% 

Ischemic stroke Col % 2,5% 13,4% 

A 

22,0% 

A 

1 9,3% 10,5% 8,4% 

Myocardial infarction Col % 6,1% 13,4% 7,3% 1 10,0% 9,5% 8,4% 

Autoimmune thyroid 

disease 

Col % 6,7% 8,5% 9,8% 10,3% 9,3% 4,8% 7,7% 

Chronic kidney disease 
 

Col % 4,3% 9,8% 17,1% 

A 

2,6% 10,7% 5,7% 7,7% 

Gout Col % 4,9% 11,0% 4,9% 1 6,4% 9,5% 6,6% 

Anemia  Col % 2,5% 6,1% 22,0% 

A B 

5,1% 10,0% 

C 

1,9% 6,3% 

Coronary artery stent 

placement 

Col % 1,8% 14,6% 

A 

7,3% 1 5,7% 9,5% 6,3% 

COPD Col % 3,7% 6,1% 7,3% 2,6% 4,3% 6,7% 4,9% 
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Osteoarthritis Col % 3,7% 3,7% 9,8% 1 4,3% 6,7% 4,5% 

Hepatic steatosis Col % 6,7% 1,2% 2,4% 5,1% 4,3% 4,8% 4,5% 

Benign prostatic 

hyperplasia 

Col % 3,1% 1,2% 7,3% 2,6% 3,6% 2,9% 3,1% 

                            Table 4. Comorbidities in the individual subgroups by age and diagnosis 

 

In the data analyses of the studied hospitalized population, the sex factor was additionally 

included. Statistically significant differences by sex were observed among diabetic patients with 

concomitant autoimmune thyroid disease and osteoarthritis, showing a predominance in females 

at 11.9% and 7.9%, respectively, compared to 3% and 0.7% for males. In 2.4% of the 

investigated group of diabetic patients, single-vessel, double-vessel, or triple-vessel coronary 

artery disease was documented, which also revealed a statistically important sex-specific 

difference – namely, an increased prevalence in men at 4.4% compared to 0.7% in women. 

Influence of age and type of DM on the prevalence and characteristics of diabetic 

microangiopathy 

Microvascular complications—specifically diabetic retinopathy and nephropathy, as well as their 

concomitant presence—were also examined among the study participants. The presence of a 

combination of diabetic retinopathy and nephropathy prevailed in the T1DM group at 15.4%, 

demonstrating a statistically significant difference compared to the group with T2DM within the 

framework of metabolic syndrome (3.8%). This combination was detected in the highest 

percentage—9.3% of the investigated subjects—in the 18–65 age group. Patients in the age 

interval over 75 years were the most affected by diabetic nephropathy (39%), followed by the 

65–75 age group (25.6%); these data show a statistically significant difference when compared to 

the younger age category of 18–65 years. Regarding the type of disease, microvascular renal 

impairment predominated in T2DM within the framework of full-blown MS (22.1%). Diabetic 

retinopathy, one of the leading causes of visual impairment and blindness, was detected with the 

highest prevalence of 9.8% among diabetic patients over 75 years of age. In the current cohort, 

its prevalence was highest in T2DM at 7.9%, and when combined with the population of T2DM 

with MS (2.9%), it is reported that nearly 11% of the investigated subjects with T2DM present 

with retinopathy compared to 5.1% of those with T1DM. 

 

Age Diagnosis Total 

18-65 65-75 >75 T1DM T2DM 

T2DM + 

МS 

 (A) (B) (C) (A) (B) (C) (A) 

Microangiopathy Retinopathy Col% 3,7% 7,3% 9,8% 5,1% 7,9% 2,9% 5,6% 

Nephropathy Col% 8,0% 25,6% 

A 

39,0% 

A 

5,1% 17,9% 22,1% 17,5% 

Retinopathy and 

Nephropathy 

Col% 9,3% 3,7% 4,9% 15,4% 

C 

7,1% 3,8% 7,0% 

None Col% 79,0% 

B C 

63,4% 46,3% 74,4% 67,1% 71,2% 69,8% 

Total Count 162 82 41 39 140 104 285 

Table 5. Microangiopathy in the individual subgroups by age and diagnosis 

When distributed by sex in the studied hospitalized population, the prevalence of diabetic 

retinopathy was higher in females at 6.6% compared to 4.5% in males. Concurrently, diabetic 

nephropathy and the concomitant presence of both diabetic retinopathy and nephropathy were 
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detected with a higher prevalence in the male sex – at 20.9% and 9.7%, respectively, compared 

to 14.6% and 4.6%, respectively, in the female sex. 

 

Figure 6. Prevalence of diabetic retinopathy and nephropathy in both sexes. 

Psychological Assessment in Type 2 Diabetes Mellitus 

A subset of the study cohort, comprising 84 hospitalized patients with documented T2DM aged 

45 to 72 years, underwent a questionnaire assessment and a clinical psychology consultation 

during their hospital stay. The participants were divided into two groups: 42 individuals with 

poor glycemic control (HbA1c> 7.5%) and 42 individuals with good to satisfactory glycemic 

control (HbA1c< 7.5%). When comparing the mean scores of psychological resilience across 

glycated hemoglobin levels, significantly higher mean scores were found among individuals with 

poor glycemic control (HbA1c> 7.5%) compared to healthy controls (p> 0.05 for good HbA1c 

control, p<0.01 for healthy controls). This finding was further supported by comparing the mean 

scores of perceived stress with glycated hemoglobin levels; statistically higher mean scores were 

observed in the group with HbA1c> 7.5% compared to both the HbA1c< 7.5% group and healthy 

individuals (p<0.05 for HbA1c< 7.5%, p<0.05 for healthy controls). A statistically significant 

difference was also established when comparing the mean scores of the emotional regulation 

suppression scale with glycated hemoglobin levels, with significantly higher mean scores 

observed in the poor glycemic control group compared to the healthy control group (p > 0.05 for 

HbA1c< 7.5%, p<0.05 for healthy controls). Interestingly, comparing the mean scores of 

experienced anger with glycated hemoglobin levels revealed a statistical difference between the 

poor glycemic control group and the HbA1c<7.5%$ group (p < 0.05 for HbA1c<7.5%, p > 0.05 

for healthy controls) (151). 

Scales Groups N Mean 
Std. 

Dev. 

Std. 

Error 
F P 

Psychological resilience CD-RISK 

Healthy control 42 79,69 12,633 1,949 

9,136 <0,001 Hba1c<7,5%  42 75,62 12,593 1,943 

Hba1c>7,5% 42 70,98 12,420 1,917 

Perceived stress- PSS 

Healthy control 42 37,14 9,348 1,442 

30,582 <0,001  Hba1c<7,5% 42 37,26 7,840 1,210 

Hba1c>7,5% 42 48,52 5,214 0,804 

Emotional regulation: Cognitive reappraisal -

ERQ_ REAS 

Healthy control 42 31,36 8,006 1,235 1,428 >0,05 

 Hba1c<7,5% 42 29,19 7,696 1,188 

Hba1c>7,5% 42 28,64 7,644 1,179 

Emotional regulation: Expressive suppression 

-ERQ_ SUP 

Healthy control 42 17,52 6,794 1,048 4,186 <0,05 

 Hba1c<7,5% 42 17,52 6,794 1,048 

Hba1c>7,5% 42 19,31 5,491 0,793 

Anger-Ang Healthy control 42 19,19 5,602 0,864 4,294 <0,05 
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Hba1c<7,5% 42 18,05 6,262 0,966 

        

Hba1c>7,5% 

42 21,62 5,198 0,802 

Physical aggression 

Healthy control 42 19,19 5,602 0,864 1,824 >0,05 

 Hba1c<7,5% 42 18,05 6,262 0,966 

Hba1c>7,5% 42 21,62 5,198 0,802 

Verbal aggression -VA 

Healthy control 42 20,00 6,648 1,026 0,286 >0,05 

Hba1c<7,5% 42 20,88 6,605 1,019 

Hba1c>7,5% 42 22,81 7,402 1,142 

Hostility -Hos 

Healthy control 42 16,00 3,663 0,565 1,476 >0,05 

Hba1c<7,5% 42 16,00 3,414 0,527 

Hba1c>7,5% 42 16,48 2,865 0,442 

General aggression -GA 

Healthy control 42 78,38 13,651 2,106 2,870 >0,05 

Hba1c<7,5% 42 76,38 16,537 2,552 

Hba1c>7,5% 42 84,10 15,617 2,410 

Table 7. Comparison of mean scores across the studied groups (poor HbA1c, good HbA1c, 

healthy controls) relative to specific psychological characteristics. 

Onychomycosis and Concomitant Diabetes Mellitus 

Fifty-one patients (27 men and 24 women) out of the total 286 patients included in this 

retrospective study were referred for a dermatological consultation due to clinical suspicion of 

onychomycosis. Specialized dermatological investigations were conducted by Dr. Gergana 

Vazheva within the framework of the interdepartmental university research project No. 

DPDP.07/20 and a doctoral dissertation titled "Application of classical and real-time PCR 

methods in the study of onychomycosis in patients with diabetes mellitus." The project was 

approved by the Ethics Committee of the Medical University of Plovdiv at session No. 7/October 

1, 2020. All participants signed an informed consent form for the provision of the necessary 

clinical samples and the performance of the respective examinations. 

The 51 referred patients were distributed into groups according to the duration of concomitant 

DM as follows: 

Duration of DM Number (n) Percentage (%) 

From 1 to 5 years 16 31.37 

From 6 to 10 years 20 39.22 

Over 10 years 5 9.80 

Over 15 years 10 19.61 

Total 51 100.0 

Table 8. Distribution according to the duration of DM 
(107) 

 

Positive samples were detected in 72.55% of the tested patients with concomitant DM. The 

clinical pathogens identified by the real-time PCR assay were Trichophyton rubrum (19, 

37.25%), Trichophyton interdigitale (9, 17.65%), Trichophyton rubrum + Trichophyton 

interdigitale (1, 1.96%), and Candida albicans (1, 1.96%). 
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A statistical correlation was established between the duration of DM (and, consequently, the age 

of the patients) and the development of onychomycosis. Patients with a DM duration between 6 

and 10 years suffered from onychomycosis in the highest percentage of cases (85%), followed by 

those with a duration of over 15 years (70%), a duration of 1–5 years (62.5%), and a duration of 

11–15 years (60%) (107). 

Duration of 

DM 

Result according to 

reference 

standard(Positive / 

Negative) 

 
Total 

 
Positive Negative 

 

1–5 years 10 (62.5%) 6 (37.5%) 16 (100.0%) 

6–10 years 17 (85%) 3 (15%) 20 (100.0%) 

11–15 years 3 (60%) 2 (40%) 5 (100.0%) 

Over 15 years 7 (70%) 3 (30%) 10 (100.0%) 

No diabetes 46 (49.5%) 47 (50.5%) 93 (100.0%) 

Total 83 (57.6%) 61 (42.4%) 144 (100.0%) 

                 Table 9. Development of onychomycosis according to the duration of DM 
(107)

 

Patients suffering from DM experience a higher prevalence of onychomycosis compared to 

healthy controls; however, no statistically significant difference is observed in the etiological 

pathogens of onychomycosis between patients with and without DM. 

Thyroid Pathology in the Investigated Patient Groups  

Thyroid Hormone Levels 

 

 

 Age Diagnosis 

 

Kruskal-Wallis 

H df Asymp. Sig. 

Kruskal-Wallis 

H df Asymp. Sig. 

TSH 4,009 2 0,135 0,796 2 0,672 

FT4 6,633 2 0,036 1,275 2 0,529 

FT3 6,226 2 0,044 4,853 2 0,088 

TgAb 0,286 2 0,867 2,589 2 0,274 

TPOAb 0,834 2 0,659 1,025 2 0,599 

TRAb 4,000 2 0,135 1,778 2 0,411 

                                     Table 10. Thyroid hormones – Kruskal-Wallis test. 
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 Below lower range Within range Above upper range N 

TSH [0,34-5,6 mU\L]* 4,3%±1,3% 87,9%±2,1% 7,8%±1,8% 232 

FТ4 [7,86-14,41 pmol\L] 1,7%±1,0% 69,1%±3,5% 29,2%±3,4% 178 

FТ3 [3,8-6,0 pmol\L] 24,4%±4,5% 75,6%±4,5% - 90 

TgAb [0,0-4,0 IU\ml] - 82,5%±4,2% 17,5%±4,2% 80 

TPOAb [0,0-9,0 IU\ml] - 79,8%±4,3% 20,2%±4,3% 89 

TRAb [0,0-1,5 IU\L] - 60,0%±21,9% 40,0%±21,9% 5 

* Reference ranges 

                                      Table 11. Thyroid hormones – percentage distribution. 

 

 

Age Diagnosis Total 

18-65 65-75 >75 T1DM T2DM 

T2DM + 

MS  

(A) (B) (C) (A) (B) (C) (A) 

                   Table 12. Percentage distribution of thyroid hormone levels according to age and type of DM. 

Statistically significant differences by sex were observed among diabetic patients with 

concomitant autoimmune thyroid disease, with a predominance in the female sex (11.9% 

compared to 3% for the male sex). Assessment of the hormone status in the investigated diabetic 

patients demonstrated that the prevalence of hypothyroidism was highest in the age interval over 

75 years, with 16.2% of the patients presenting with TSH levels above 5.6 mU/L. A statistically 

significant difference was also found in FT3 levels within the same age group over 75 years, 

where 47.1% presented with significantly reduced FT3 below 3.8 pmol/L. According to the 

TPOAb titer, autoimmune activity was highest in patients aged between 65 and 75 years and in 

those suffering from T2DM. 

TSH Below lower range (< 0.34) Col% 4,9% 4,2% 2,7% 3,2% 3,7% 5,4% 4,3% 

Within range (0.34-5.6) Col% 87,8% 91,7% 81,1% 87,1% 87,9% 88,2% 87,9% 

Above upper range (>5.6) Col% 7,3% 4,2% 16,2% 9,7% 8,4% 6,5% 7,8% 

Total Count 123 72 37 31 107 93 232 

FT4 Below lower range (<7.86) Col% 3,5% 1 1 1 1,3% 2,5% 1,7% 

Within range (7.86-14.41) Col% 74,4% 68,3% 56,3% 80,0% 65,8% 69,6% 69,1% 

Above upper range 

(>14.41) 

Col% 22,1% 31,7% 43,8% 20,0% 32,9% 27,8% 29,2% 

Total Count 86 60 32 20 79 79 178 

FT3 Below lower range (<3.8) Col% 15,8% 22,9% 47,1% 

A 

14,3% 34,0% 13,9% 24,4% 

Within range (3.8-6.0) Col% 84,2% 

C 

77,1% 52,9% 85,7% 66,0% 86,1% 75,6% 

Total Count 38 35 17 7 47 36 90 

TgAb Within range (0-4) Col% 84,6% 81,5% 78,6% 100,0%1 83,3% 77,1% 82,5% 

Above upper range (> 4) Col% 15,4% 18,5% 21,4% 1 16,7% 22,9% 17,5% 

Total Count 39 27 14 9 36 35 80 

TPOAb Within range (до 9) Col% 83,0% 74,1% 80,0% 84,6% 75,0% 83,3% 79,8% 

Above upper range (> 9) Col% 17,0% 25,9% 20,0% 15,4% 25,0% 16,7% 20,2% 

Total Count 47 27 15 13 40 36 89 

TRAb Within range (0-1.5) Col% 1,2 100,0%1 1,2 1,2 66,7% 100,0%1,2 60,0% 

Above upper range (>1.5) Col% 100,0%1,2 1 100,0%1,2 100,0%1,2 33,3% 1,2 40,0% 

Total Count 1 3 1 1 3 1 5 
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                            Figure 7. Thyroid pathology based on thyroid ultrasound. 

 

Based on the performed thyroid ultrasonography, a predominant proportion of 59.1% of the 

hospitalized diabetic patients presented with concomitant thyroid pathology, whereas no 

pathological changes were detected in 40.9% of the patients. The highest number of evaluated 

individuals exhibited autoimmune involvement of the thyroid parenchyma (27%). The second 

most frequent finding within the study population was multinodular transformation of the thyroid 

gland (17.3%), followed by a solitary adenoma (11.8%). When combining the percentages of 

both groups with presenting nodular formations in the thyroid region, it is noteworthy that the 

resulting percentage of 29.1% takes precedence over the group with autoimmune thyroid 

pathology. The lowest percentage was observed in patients who had undergone a thyroidectomy 

(3%). 

5.3.2. DISCUSSION 

There are numerous pathophysiological pathways underlying cardiovascular complications in 

DM, including endothelial dysfunction, oxidative stress, chronic inflammation, and systemic 

immune dysregulation (10). Atherosclerosis in individuals with DM develops at an accelerated 

rate and at an earlier age compared to those without DM, thereby increasing the risk of coronary 

artery disease, myocardial infarction, unstable angina, as well as ischemic and hemorrhagic 

stroke, with further adverse effects on the cerebrovascular system (11). The rising life 

expectancy confronts healthcare professionals with the necessity of concurrently treating more 

than one disease, requiring the formulation of an appropriate therapeutic strategy tailored to the 

patient's individual needs. In 2019, 84.1% of hospitalized patients suffered from one or more 

comorbidities, with half of all hospitalizations occurring in patients with three or more 

concurrent conditions. Hypertension, DM, and chronic respiratory diseases were the most 

common disorders associated with hospital stay, accounting for 53.2%, 26.4%, and 20.5% of 

cases, respectively (12). 

Data published on the official website of the National Statistical Institute of the Republic of 

Bulgaria regarding mortality by cause in 2024 by sex and age group for the general population 

further reveal the age-dependent increase in the prevalence of cardiovascular pathology leading 

to a fatal outcome. In our studied group of hospitalized patients with concomitant DM, ischemic 

heart disease (IHD) was expectedly most prevalent among patients over 65 years of age, 

40.90% 

11.80% 

17.30% 

27% 

3.00% 

0.00% 10.00% 20.00% 30.00% 40.00% 50.00%

normal ultrasound image

solitary adenoma

multinodular goiter

autoimmune thyroid disease

thyroidectomy

Thyroid Ultrasound 

Thyroid Ultrasound



 

~ 22 ~ 
 

reaching 56.1% in patients over 75 years. For the general population, a significant increase in the 

number of deaths caused by IHD is observed in the sixth decade of life; specifically, the male sex 

shows a 10-fold increase in mortality compared to the fifth decade of life, whereas in the female 

sex, this tenfold increase occurs in the seventh decade of life. In 2.4% of our studied group of 

diabetic patients, single-vessel, double-vessel, or triple-vessel coronary artery disease was 

confirmed, and a statistically significant sex-specific difference was also found here—showing 

an increased prevalence in men (4.4% compared to 0.7% in women). The prevalence of 

myocardial infarction and stent placement in our population sample of patients with DM was 

highest in the 65–75 age group (13.4% compared to a lower percentage of 7.3% for patients over 

75 years). In the general population, a higher percentage of fatal outcomes due to myocardial 

infarction is observed in individuals over 75 years compared to the 65–75 age interval, 

suggesting an earlier and more severe development of the atherosclerotic process and 

cardiovascular diseases in people suffering from DM. Cerebrovascular disease (CVD) and 

history of stroke also increase with age and are highest in older individuals over 75 years; they 

are predominantly characteristic of T2DM, although CVD is also found in 7.7% of patients with 

T1DM. The highest mortality caused by CVD in the general population is observed in 

individuals over 80 years of age. 

It is a well-established fact that patients with confirmed DM, particularly those of advanced age, 

carry an increased risk of cardiovascular disease, which is evident from the data within our 

hospitalized cohort. The thickness and elasticity of vascular walls are simultaneously affected by 

various physiological and pathological mechanisms occurring naturally during the course of 

aging, as well as a result of persistent hyperglycemia. 

In our subgroup of patients over 75 years of age suffering from DM, a statistically significant 

difference was found in the prevalence of CKD compared to the younger age group. Our data 

confirm the critical importance of the cardio-kidney-metabolic connectivity and the daily 

observed "domino effect" by numerous healthcare professionals, especially within the geriatric 

population. This establishes the primary goal of the therapeutic approach as the necessity for a 

selection based not only on the glucose-lowering efficacy of a given antidiabetic medication but 

also on identifying an agent with proven cardio-renal protection. 

In a vast Australian cohort of 456,265 patients with T2DM aged over 15 years analyzing 

comorbidities, besides traditional complications—including heart failure—other conditions such 

as mental disorders and anemias were major causes of hospitalization compared to the general 

population (16). In our retrospective study, 22% of hospitalized patients with DM over 75 years 

of age suffered from anemic syndrome, demonstrating a statistically significant difference 

compared to the other age groups. The most frequent causes of anemia identified were as 

follows: 1. Anemia resulting from ineffective erythropoiesis – iron-deficiency anemia due to 

inadequate daily iron intake or impaired intestinal absorption; 2. Anemia due to insufficient 

erythropoietin secretion – secondary to CKD; 3. Anemia secondary to malignancies and/or tumor 

metastases. The presence of anemic syndrome leads to hypoxia in numerous tissues and organs. 

Conversely, impaired renal and circulatory functions can induce anemia. This vicious cycle is a 

critical factor when DM and anemic syndrome coexist, leading to deviations in glycated 

hemoglobin levels (false elevation or reduction depending on the etiology of the anemic 

syndrome), which may preclude timely adjustments in antidiabetic therapy and consequently 

result in chronic decompensation of the disease and/or the manifestation of complications 

(17,18). 
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The precise definition of the impact of psychological factors on the prognosis and quality of life 

in patients with T2DM represents a significant scientific challenge (152). These factors function 

as predictors that modulate adaptive responses over the course of the chronic illness. Due to the 

complex interrelationship among sociodemographic, psychological, and physiological variables, 

the primary etiological cause remains difficult to establish. The fundamental question—whether 

the chronic disease induces psychopathological changes in the personality structure, or specific 

psychological characteristics precede and determine the onset of the disorder—requires in-depth 

cross-cultural studies (153, 154). Psychological resilience can assist both in the prevention of 

T2DM and in guiding efforts to improve the quality of life and physical health under this 

diagnosis (154). 

Our presented data reveal a fundamental dependence between the psycho-emotional profile of 

patients and the control of T2DM. The results demonstrate that higher levels of glycated 

hemoglobin (HbA1c > 7.5%) are not merely a metabolic decompensation but are closely linked 

to specific psychological destabilization, characterized by low resilience and high perceived 

stress. 

The statistically significant differences in the levels of perceived stress and psychological 

resilience in patients with inadequate control compared to healthy controls underscore the role of 

the psyche as a direct modulator of glucose homeostasis. Excessive stress activates 

counterregulatory hormones, such as cortisol and adrenaline, which exert a direct hyperglycemic 

effect, thereby transforming an emotional state into a biological risk. The association between 

poor glycemic control and the mechanisms of emotion suppression and anger management is 

particularly telling. Higher scores on these scales in the group with HbA1c > 7.5% suggest the 

presence of maladaptive coping strategies. Patients with inadequate glycemic control tend to 

suppress their feelings. In clinical psychology, this is linked to emotional eating as a coping 

mechanism, symptom neglect, and lower motivation for treatment adherence. 

According to some authors, psychological tests for stress and emotional regulation can be 

considered early predictors of which patients are at risk of worsening their glycemic control. The 

data unequivocally indicate that in patients with compromised HbA1c levels, the integration of 

psychological support aimed at enhancing personal resilience and stress management would 

exert a positive effect in addition to the primary pharmacological therapy (154, 155). 

Early detection and an appropriate therapeutic approach in patients with presenting 

onychomycosis are of paramount importance, as this condition does not constitute merely a 

cosmetic problem. In patients with DM, onychomycosis induces numerous alterations in the 

normal nail structure, which damage the adjacent skin and cause multiple microtraumas; in the 

presence of late DM complications such as diabetic neuropathy and impaired circulation, these 

microtraumas serve as a portal of entry for bacterial infections. In diabetic patients, these 

bacterial infections can rapidly progress to cellulitis, osteomyelitis, and ulceration, while also 

significantly increasing the risk of amputations. 

Numerous studies demonstrate a higher prevalence of onychomycosis in DM, highlighting the 

importance of multiple predisposing factors such as diabetes duration, patient age and sex, and 

the presence of complications like impaired peripheral circulation, neuropathy, and retinopathy. 

DM and thyroid dysfunction are the most frequent endocrine disorders encountered in daily 

clinical practice. They share a number of common pathophysiological mechanisms; according to 

available data, approximately 12%–15% of patients with T2DM suffer from a thyroid disease, 

compared to 1.3%–4.6% within the general population (128). Both hyper- and hypothyroidism 

are associated with insulin resistance, which has been identified as the primary cause of impaired 
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glucose metabolism in T2DM. Current evidence indicates that insulin resistance plays a key role 

in driving the relationship between T2DM and thyroid disorders (129). 

According to literature data, thyroid diseases prevail in patients with registered T1DM—with a 

prevalence of 17% to 30% compared to T2DM—due to the underlying autoimmune etiology 

(130). T1DM and AITD are components of autoimmune polyglandular syndrome type 2; in these 

patients, depending on the presence of specific antibodies, the thyroid disease is classified as 

autoimmune Hashimoto's thyroiditis or Graves' disease. Thyroid diseases onset at an early stage 

of life in patients with T1DM, presenting with a more aggressive clinical manifestation alongside 

poor glycemic control of DM. Autoimmune hypothyroidism is detected in 25% of children with 

T1DM (131,132). 

In a study published in 2017, Song F et al. investigated the prevalence of hypothyroidism among 

hospitalized patients with T2DM and its associated factors. A total of 1,662 patients with T2DM, 

hospitalized at the Metabolic Diseases Hospital of Tianjin Medical University over a 5-year 

period, were included. The prevalence of hypothyroidism among the hospitalized patients with 

T2DM was 6.8%, with subclinical hypothyroidism detected in 77.0% of them. The prevalence of 

hypothyroidism increased with age and was higher in women (10.8%) than in men (3.4%) (138). 

Absolutely analogous data were obtained in our present study—statistically significant 

differences by sex were observed among diabetic patients with concomitant autoimmune thyroid 

disease, showing a predominance in the female sex (11.9% compared to 3% for the male sex). 

Evaluation of the hormone status in the investigated diabetic patients demonstrated that the 

prevalence of hypothyroidism was highest in the age interval over 75 years, with 16.2% of the 

patients presenting with TSH levels above 5.6 mU/L. According to the TPOAb titer, autoimmune 

activity was highest in patients suffering from T2DM. Advanced age, female sex, and positive 

thyroid peroxidase antibodies (TPOAb) were associated with a higher likelihood of 

hypothyroidism among hospitalized patients with T2DM, suggesting they could serve as 

indicators for diagnosing hypothyroidism in patients with T2DM in clinical settings. 

Early detection of thyroid dysfunction in patients with T2DM should be performed routinely, 

given the high percentage of newly diagnosed cases and the increased cardiovascular risk 

associated with undetected thyroid disorders (139). Numerous other studies also support 

screening for hypothyroidism in patients with T2DM aged over 65 years, particularly in the 

presence of diabetic macroangiopathy or during metformin therapy (140). 

5.3.3. CONCLUSIONS 

      1.Age is associated with the type of DM, both at its onset and during its clinical course. 

Expectedly, the prevalence of T1DM is highest among hospitalized patients in the 18–65 age 

group. Patients over 75 years of age suffer predominantly from T2DM. Type 2 diabetes mellitus 

within the framework of metabolic syndrome exhibits the highest prevalence in patients aged 

between 65 and 75 years. 

      2.In the present sample of hospitalized patients, an association was found between sex and 

the main types of DM—in the male sex, the diagnosis of T2DM within the framework of 

metabolic syndrome is more common than in the female sex. Conversely, T2DM and T1DM 

occur with a higher prevalence among females compared to males. 

      3.Age definitively influences the presence of comorbidities and is positively correlated with 

the prevalence of CVD (AH, IHD, myocardial infarction, stent placement), cerebrovascular 

disease, history of stroke, CKD, anemic syndrome, COPD, and osteoarthritis. Only hepatic 

steatosis is significantly higher in the age group under 65 years. 
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       4.Cardiovascular and cerebrovascular diseases are more frequent in T2DM and T2DM 

within the framework of metabolic syndrome compared to T1DM. Anemic syndrome, COPD, 

and osteoarthritis are predominantly characteristic of T2DM. Hepatic steatosis is more 

commonly observed in T1DM. 

       5.Regarding comorbidities, statistically significant differences by sex are observed in 

diabetic patients with concomitant autoimmune thyroid disease and osteoarthritis—showing a 

predominance in the female sex—whereas single-vessel, double-vessel, or triple-vessel coronary 

artery disease occur with an increased prevalence in men. 

      6.In terms of microvascular complications, the concurrent presence of diabetic retinopathy 

and nephropathy predominates in the T1DM group within the 18–65 age interval. Diabetic 

nephropathy exhibits the highest prevalence in the age interval over 75 years and in T2DM 

within the framework of full-blown MS. Diabetic retinopathy is detected with the highest 

prevalence in diabetic patients over 75 years, predominating in T2DM—both standalone and 

within the framework of MS—compared to T1DM. Sex also exerts an influence; within the 

studied hospitalized population, the prevalence of diabetic retinopathy is higher in women, 

whereas diabetic nephropathy and the concurrent presence of diabetic nephropathy and 

retinopathy are found with a greater prevalence in men. 

      7.Poor glycemic control in T2DM is associated with lower psychological resilience and 

higher levels of perceived stress and anger. Psychological tests for stress and emotional 

regulation can serve as early clinico-psychological markers for compromised glycemic control. 

      8.A significant correlation is found between the duration of DM and the development of 

onychomycosis. Patients with DM suffer from onychomycosis more frequently compared to 

healthy controls, but the etiological agents of onychomycosis in these individuals do not differ 

from those in the non-diabetic population. 

       9.Concomitant thyroid pathology is detected in 59.1% of the hospitalized cohort, with the 

highest prevalence observed for autoimmune processes, followed by multinodular goiters and 

solitary adenomas. The prevalence of hypothyroidism is highest in the age interval over 75 years. 

Autoimmune thyroid activity is highest in patients aged between 65 and 75 years and in those 

with T2DM. 

5.4. Influence of age on selected clinical and laboratory parameters within the studied 

population of patients with DM – pursuant to Task 4 

5.4.1. Complete Blood Count (CBC) parameters within the studied population of patients 

with confirmed DM 

5.4.1.1. Results 

 Below lower range Within range Above upper range N 

hemoglobin [120-160, g/l]* 24,6%±2,5% 71,6%±2,7%       3,9%±1,1% 285 
erythrocytes[3.9-5.3, 10^12/l] 14,1%±2,1% 73,6%±2,6% 12,3%±2% 284 
hematocrit [0.36-0.47, l/l] 17,9%±2,3% 70,2%±2,7%  11,9%±1,9% 285 

leukocytes [3,5-10,5, 10^9/l] 0,4%±0,4% 89,8%±1,8%  9,8%±1,8% 285 

platelets  [140-400, 10^9/l] 7,0%±1,5% 89,1%±1,8%  3,9%±1,1% 285 

ESR[2-30, mm/h]  67,7%±2,8%  32,3%±2,8% 279 

* Reference values 

                          Table 13. Hematological parameters within the studied population 
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Statistical processing of the data revealed the following statistically significant correlations: the 

highest prevalence of presenting anemic syndrome—corresponding to hemoglobin, hematocrit, 

and erythrocyte values below the reference limits—was observed in patients with T2DM over 75 

years of age. No significant differences were detected for the remaining CBC parameters. The 

results and percentage distributions are presented in tabular form: 

 

 Age Diagnosis 

 

Kruskal-Wallis 

H df Asymp. Sig. 

Kruskal-Wallis 

H df Asymp. Sig. 

Hemoglobin 17,896 2 0,000 7,269 2 0,026 

Erythrocytes 23,287 2 0,000 3,343 2 0,188 

Hematocrit 18,415 2 0,000 8,163 2 0,017 

Leukocytes 5,740 2 0,057 7,304 2 0,026 

Platelets 0,613 2 0,736 1,771 2 0,413 

ESR 7,209 2 0,027 11,024 2 0,004 

          Table 14. Hematological parameters within the studied population – Kruskal-Wallis Test 

 

Noteworthy are also the statistically significant correlations between age and ESR levels 

(Asymp. Sig. 0.027), as well as between diagnosis and ESR (Asymp. Sig. 0.004). The highest 

percentage of patients with elevated ESR was observed among those with registered T2DM 

(41.9%), as well as within the 65–75 age group (42%). Numerous factors influence the 

erythrocyte sedimentation rate—advanced age, female sex, pregnancy, concomitant anemia, high 

fibrinogen levels, and a variety of infectious, autoimmune, and neoplastic processes can account 

for an elevated result. Throughout our study, we accounted for age and sex as factors influencing 

ESR by utilizing specific reference ranges tailored for men under and over 50 years of age, as 

well as for women under and over 50 years of age. 

 

 

Age Diagnosis Total 

18-65 65-75 > 75 T1DM T2DM 

T2DM + 

МS  

(A) (B) (C) (A) (B) (C) (A) 

Hemoglobin Below lower range (<120) Col% 15,3% 33,3% 

A 

43,9% 

A 

23,1% 31,7% 

C 

16,2% 24,6% 

Within range (120-160) Col% 79,8% 

B C 

65,4% 51,2% 76,9% 64,7% 79,0% 

B 

71,6% 

Above upper range (>160) Col% 4,9% 1,2% 4,9% 1 3,6% 4,8% 3,9% 

Total Count 163 81 41 39 139 105 285 

Erythrocytes Below lower range (<3.9) Col% 6,8% 19,8% 

A 

31,7% 

A 

10,3% 20,1% 

C 

7,7% 14,1% 

Within range (3.9-5.3) Col% 75,9% 74,1% 63,4% 82,1% 66,9% 79,8% 73,6% 

Above upper range (>5.3) Col% 17,3% 6,2% 4,9% 7,7% 12,9% 12,5% 12,3% 

Total Count 162 81 41 39 139 104 284 

Hematocrit Below lower range (<0.36) Col% 11,0% 23,5% 

A 

34,1% 

A 

12,8% 24,5% 

C 

11,4% 17,9% 

Within range (0.36-0.47) Col% 72,4% 70,4% 61,0% 79,5% 66,2% 72,4% 70,2% 

Above upper range (> 0.47) Col% 16,6% 6,2% 4,9% 7,7% 9,4% 16,2% 11,9% 

Total Count 163 81 41 39 139 105 285 

Leukocytes Below lower range (<3.5) Col% 0,6% 1 1 2,6% 1 1 0,4% 

Within range (3.5-10.5) Col% 92,0% 90,1% 80,5% 94,9% 86,3% 93,3% 89,8% 
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Above upper range (>10.5) Col% 7,4% 9,9% 19,5% 2,6% 13,7% 6,7% 9,8% 

Total Count 163 81 41 39 139 105 285 

Platelets Below lower range (<140) Col% 6,1% 8,6% 7,3% 5,1% 7,2% 7,6% 7,0% 

Within range (140-400) Col% 89,6% 87,7% 90,2% 87,2% 88,5% 90,5% 89,1% 

Above upper range (>400) Col% 4,3% 3,7% 2,4% 7,7% 4,3% 1,9% 3,9% 

Total Count 163 81 41 39 139 105 285 

ESR Within range (2-30) Col% 74,2% 

B 

58,0% 61,5% 76,9% 58,1% 76,7% 

B 

67,7% 

Above upper range (>30) Col% 25,8% 42,0% 

A 

38,5% 23,1% 41,9% 

C 

23,3% 32,3% 

Total Count 159 81 39 39 136 103 279 

Table 15. Hematological parameters within the studied population by age and type of DM 

5.4.1.2. Discussion 

The presence of anemic syndrome in elderly patients suffering from DM occurs secondary to the 

physiological process of aging in combination with the onset of specific complications arising 

from persistent hyperglycemia. 

Anemia is a common and severe complication in patients with CKD, further progressing as renal 

function declines. It accounts for fatigue, poor quality of life, congestive heart failure, and the 

subsequent progression of CKD. Renal anemia develops during stage 3 of CKD and increases to 

a prevalence of 67% during stage 5 of CKD (72). 

All risk factors for anemia in the general population can likewise induce anemia in patients with 

DM or chronic kidney disease, including renal aging, as well as deficiencies in iron, folate, and 

Vitamin B12, which are essential for erythrocyte production, and blood loss (uremic 

coagulopathy, erythrocyte deformability associated with advanced glycation end-products, and 

chronic inflammation). Impairment of O2 sensing for erythropoietin production may be attributed 

to diabetic autonomic neuropathy, reduced stabilization of hypoxia-inducible factor-1, adverse 

drug effects (e.g., angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers), 

and EPO insufficiency associated with reactive oxidative stress. Erythropoietin-related factors 

can be the primary components causing anemia, including urinary erythropoietin excretion, 

inflammatory cytokines (e.g., interleukin-1, TNF, and interferon-gamma), and erythropoietin 

resistance associated with advanced glycation end-products. Anemia associated with DM is 

attributable to renal dysfunction secondary to presenting diabetic nephropathy, which further 

leads to erythropoietin deficiency (72). 

Anemia in DM presents more severely compared to anemia associated with other etiologies. The 

earlier onset and greater severity of anemia in patients with chronic kidney disease and 

concurrent DM, compared to those with CKD without DM, further reflect the higher mortality 

risk within the diabetic population. 

In all patients with CKD, anemia induces tissue hypoxia, increased sympathetic tone, and 

decreased systemic vascular resistance. This subsequently leads to reduced afterload and 

increased preload, culminating in left ventricular hypertrophy. A well-managed anemic 

syndrome results in improved cardiovascular outcomes and quality of life; however, excessively 

high hemoglobin levels may induce hypertension and vascular thrombosis-related 

cerebrovascular accidents, thereby leading to increased mortality. 

Numerous studies also reveal an association between higher ESR levels and poor glycemic 

control in patients with T2DM, highlighting the role of inflammation in the pathogenesis of 
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diabetes mellitus (6). Elevated ESR is additionally associated with significantly reduced GFR 

levels and the severity of CKD in patients with T2DM (7). 

5.4.1.3. Conclusions 

The highest prevalence of anemic syndrome is observed in patients with T2DM over 75 years of 

age. Elevated ESR is most frequently detected in patients with T2DM within the 65–75 age 

group. 

5.4.2. Urinary analysis parameters within the studied cohort 

5.4.2.1. Results 

In our study, a statistically significant association was found between the variables of age and the 

presence of proteinuria and bacteriuria, as well as between the type of DM and the presence of 

glucose and ketones in the analyzed urine. Based on the obtained results, it is noteworthy that 

microalbuminuria showed no statistically significant correlation with either age interval or the 

type of DM. 

 Age Diagnosis 

 Kruskal-Wallis H df Asymp. Sig. 

Kruskal-Wallis 

H df Asymp. Sig. 

Microalbuminuria 0,258 2 0,879 0,682 2 0,711 

Proteinuria 9,277 2 0,010 3,283 2 0,194 

Urinary ketones 1,007 2 0,604 9,016 2 0,011 

Urinary glucose 1,857 2 0,395 15,110 2 0,001 

Bacteriuria 11,379 2 0,003 2,947 2 0,229 

         Table 16. Urinary analysis parameters within the studied population – Kruskal-Wallis Test 

Among elderly patients with DM over 75 years of age, 43.2% present with proteinuria, which is 

twice as high compared to the rate obtained in the 18–65 age group (21.5%). Analogous data 

were observed regarding bacteriuria, where the age interval over 75 years again predominated at 

37.9%, showing a significant prevalence among females (32.5% versus 10.3% for males). Upon 

further urine culture testing, the most frequently isolated pathogenic microorganisms were: 

 Escherichia coli, 

 Klebsiella pneumoniae, 

 Enterobacter cloacae, 

 Enterococcus faecium. 

The highest percentages of elevated urinary protein excretion and bacteriuria were observed in 

individuals suffering from T2DM, at 31.6% and 27.5%, respectively. Regarding the presence of 

ketones and glucose in the urine, these predominated in individuals with T1DM, at 30.8% and 

61.5%, respectively. 

 

Age Diagnosis Total 

18-65 65-75 >75 T1DM T2DM 

T2DM + 

МS  

(A) (B) (C) (A) (B) (C) (A) 

Microalbumin

uria 

Within range (0-20) Col% 57,2% 55,3% 52,8% 54,1% 54,2% 59,6% 56,0% 

Above upper range (>20) Col% 42,8% 44,7% 47,2% 45,9% 45,8% 40,4% 44,0% 

Total Count 145 76 36 37 131 89 257 
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         Table 17. Urinary analysis parameters within the studied population by age and type of DM 

5.4.2.2. Discussion 

A number of global epidemiological studies consistently indicate an exponential increase in the 

prevalence of albuminuria among patients with DM who exceed the age threshold of 70–75 

years. Approximately a twofold increase in the prevalence of proteinuria is observed compared 

to the population aged 18–65 years. 

Within the geriatric population, numerous etiopathogenetic mechanisms exert an influence on 

advancing renal dysfunction. While individuals of working age exhibit a preserved functional 

capacity and compensatory mechanisms of the nephrons, individuals over 75 years of age present 

with a physiological involution of the parenchyma. 

Data obtained from the National Health and Nutrition Examination Survey (NHANES) in the 

USA for the period from August 2021 to August 2023 among adult individuals aged 18 and older 

suffering from stage 1 to stage 4 CKD (the race-free CKD Epidemiology Collaboration (CKD-

EPI) equation was utilized for staging) support our observed constellation, namely that CKD is 

more prevalent in individuals aged 65 or older (34%) than in those aged 45–64 years (13%) or 

18–44 years (6%) (80). 

Asymptomatic bacteriuria is a common laboratory finding in patients with established DM, 

which implies a higher risk of symptomatic urinary tract infections and their associated 

complications. For the period from 2012 to 2019 at the Venizeleio Hospital in Heraklion, 

Greece, Matthiopoulou, G. et al. conducted a prospective case-control study among 437 male 

and female patients with presenting T2DM and a mean age of 70.5±9.6 years. The overall 

prevalence of asymptomatic bacteriuria was 20.1%, with a sex-specific distribution showing that 

27% of female participants suffered from asymptomatic bacteriuria compared to 9.4% of male 

participants. The most frequently isolated microorganisms were Escherichia coli, Streptococcus 

agalactiae, Klebsiella pneumoniae, and Enterococcus faecalis (81). The reviewed data are fully 

analogous to our results—the most frequent causative agent is again Escherichia coli, with the 

Proteinuria yes Col% 21,5% 31,5% 43,2% 

A 

20,5% 31,6% 24,7% 27,6% 

no Col% 69,4% 60,3% 56,8% 71,8% 63,2% 64,2% 65,0% 

3 Col% 9,0% 8,2% 1 7,7% 5,3% 11,1% 7,5% 

Total Count 144 73 37 39 133 81 254 

Urinary 

ketones 

yes Col% 16,7% 13,7% 10,5% 30,8% 

B C 

12,0% 12,2% 14,9% 

no Col% 83,3% 86,3% 89,5% 69,2% 88,0% 

A 

87,8% 

A 

85,1% 

Total Count 144 73 38 39 133 82 255 

Urinary 

glucose 

yes Col% 49,3% 55,6% 42,1% 61,5% 

C 

57,1% 

C 

32,1% 50,0% 

no Col% 50,7% 44,4% 57,9% 38,5% 42,9% 67,9% 

A B 

50,0% 

Total Count 144 72 38 39 133 81 254 

Bacteriuria yes Col% 14,4% 31,6% 

A 

37,9% 

A 

16,7% 27,5% 18,1% 22,3% 

no Col% 85,6% 

B C 

68,4% 62,1% 83,3% 72,5% 81,9% 77,7% 

Total Count 125 57 29 36 102 72 211 
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age interval over 75 years predominating at 37.9%, and showing a prevalence among females of 

32.5% versus 10.3% for males. 

Results from various epidemiological studies demonstrate that bacteriuria and urinary tract 

infections occur more frequently in women with DM than in women without the disease. 

Analogous data exist for asymptomatic bacteriuria, which represents a risk factor for 

pyelonephritis and subsequent deterioration of renal function. Patients with DM frequently suffer 

from severe infections accompanied by unusual presentations, including rare complications such 

as emphysematous cystitis and pyelonephritis, as well as fungal infections (particularly Candida 

spp.). Gram-negative pathogens other than Escherichia coli are also common. Anatomical and 

functional abnormalities of the urinary tract are likewise frequent in individuals with DM; these 

abnormalities complicate urinary tract infections and necessitate specialized treatment strategies 

due to the presence of antimicrobial resistance or atypical uropathogens, alongside an increased 

risk of upper tract involvement. Performing a microbiological examination with an antimicrobial 

susceptibility test is of paramount importance. Fluoroquinolones represent a reasonable empirical 

choice for many patients with diabetes mellitus. In severely ill patients, including those infected 

with Pseudomonas spp., agents such as imipenem, ticarcillin-clavulanate, and piperacillin-

tazobactam may also be considered. Treatment of asymptomatic bacteriuria in the presence of 

concomitant DM is imperative in order to reduce the risk of symptomatic urinary tract infection 

(83). 

5.4.2.3. Conclusions 

Age exerts a significant influence on the deterioration of renal function and the development of 

infectious processes—proteinuria and bacteriuria predominate in patients with T2DM over 75 

years of age, with the most frequently isolated pathogenic microorganisms being Escherichia 

coli, Klebsiella pneumoniae, Enterobacter cloacae, and Enterococcus faecium.Regarding the 

presence of ketones and glucose in the urine, these are more frequently observed in patients with 

T1DM. 

5.4.3. Levels of creatinine, urea, uric acid, total protein, and albumin 

5.4.3.1. Results 

 Below lower limit Within range Above upper limit N 

Creatinine [44-96 µmol/L]* 0,7%±0,5% 67,8%±2,8% 31,5%±2,7% 286 
Urea [2,6-7,2 mmol/l]* 1,1%±0,6% 64,2%±2,8% 34,7%±2,8% 285 
Uric acid [149-363 µmol/L]* 1,1%±0,6% 56,8%±2,9% 42,1%±2,9% 285 

Total protein [60-83 g/l]* 9,5%±1,7% 89,1%±1,9% 1,4%±0,7% 284 

Albumin [35-52 g/l]* 11,3%±1,9% 88,0%±1,9% 0,7%±0,5% 284 

* Reference range 

Table 18. Biochemical parameters within the studied population – levels of creatinine, urea, uric 

acid, total protein, and albumin 

A statistically significant difference was found between the levels of creatinine, urea, and uric 

acid relative to both age and the established diagnosis. Among elderly patients over 75 years of 

age, 70.7% present with elevated levels of creatinine and urea, corresponding to lower calculated 

GFR levels and a more advanced stage of renal impairment. T2DM is most strongly associated 

with concurrent CKD, presenting with elevated creatinine levels in 37.9% of cases and increased 

urea levels in 39.3%, which is more than twice the percentage calculated for T1DM (15.1%). 
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 Age Diagnosis 

 

Kruskal-Wallis 

H df Asymp. Sig. 

Kruskal-Wallis 

H df Asymp. Sig. 

Creatinine 50,894 2 0,000 5,214 2 0,074 

Urea 50,907 2 0,000 8,248 2 0,016 

Uric acid 12,645 2 0,002 16,456 2 0,000 

Total protein 4,951 2 0,084 8,547 2 0,014 

Albumin 11,590 2 0,003 7,038 2 0,030 

Table 19. Biochemical parameters within the studied population – Kruskal-Wallis Test 

 

Among patients suffering from T2DM within the framework of metabolic syndrome, 50.5% 

present with elevated uric acid levels, with 53.7% being over 65 years of age and 49.3% being 

male. Additionally, we analyzed uric acid levels in patients with normal weight, overweight, and 

obesity; as anticipated, the highest percentage was observed in the group with a BMI over 30, 

reaching 48.6%. 

 
                                          Figure 8. Uric acid levels relative to BMI 

A statistically significant difference was also found in albumin levels. Normal levels of total 

protein and serum albumin predominate in the youngest population group analyzed (under 65 

years of age) and in those diagnosed with T2DM within the framework of MS. 

Hypoalbuminemia is observed in the highest percentage of patients over 75 years of age (24.4%) 

and in those suffering from T2DM (16.4%). 

 

Age Diagnosis Total 

18-65 65-75 > 75 T1DM T2DM 

T2DM + 

МS  

(A) (B) (C) (A) (B) (C) (A) 

37.3 

33.8 

48.6 

Uric acid above upper limit 

BMI<25

BMI 25-29.9

BMI>30

Creatinine Below lower limit (<44) Col% 0,6% 1,2% 1 1 0,7% 1,0% 0,7% 

Within range 44-96) Col% 83,4% 

B C 

56,1% 

C 

29,3% 79,5% 61,4% 71,4% 67,8% 

Above upper limit (> 96) Col% 16,0% 42,7% 

A 

70,7% 

A B 

20,5% 37,9% 27,6% 31,5% 

Total Count 163 82 41 39 140 105 286 

Urea Below lower limit (<2.6) Col% 1,2% 1,2% 1 2,6% 0,7% 1,0% 1,1% 
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Table 20. Biochemical parameters within the studied population by age and type of DM 

 

 
Figure 9. Percentage distribution of serum creatinine, urea, uric acid, total protein, and albumin 

levels within the studied population by age 
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18-65 65-75 >75

creatinine> 96

urea >7.6

uric acid > 363

total protein <60

albumin < 35

Within range (2.6-7.2) Col% 80,9% 

B C 

48,8% 29,3% 82,1% 

B 

60,0% 62,9% 64,2% 

Above upper limit (> 7.2) Col% 17,9% 50,0% 

A 

70,7% 

A 

15,4% 39,3% 

A 

36,2% 

A 

34,7% 

Total Count 162 82 41 39 140 105 285 

Uric acid Below lower limit (< 149) Col% 1,9% 1 1 5,1% 0,7% 1 1,1% 

Within range (149-363) Col% 64,8% 

B 

46,3% 46,3% 79,5% 

B C 

56,4% 49,5% 56,8% 

Above upper limit (> 363) Col% 33,3% 53,7% 

A 

53,7% 

A 

15,4% 42,9% 

A 

50,5% 

A 

42,1% 

Total Count 162 82 41 39 140 105 285 

Total protein Below lower limit (< 60) Col% 6,8% 11,0% 17,1% 12,8% 13,6% 

C 

2,9% 9,5% 

Within range 60-83) Col% 91,3% 87,8% 82,9% 84,6% 85,7% 95,2% 

B 

89,1% 

Above upper limit (> 83) Col% 1,9% 1,2% 1 2,6% 0,7% 1,9% 1,4% 

Total Count 161 82 41 39 140 105 284 

Albumin Below lower limit (< 35) Col% 6,2% 14,6% 24,4% 

A 

7,7% 16,4% 

C 

5,7% 11,3% 

Within range 35-52) Col% 93,2% 

C 

84,1% 75,6% 92,3% 82,9% 93,3% 

B 

88,0% 

Above upper limit (> 52) Col% 0,6% 1,2% 1 1 0,7% 1,0% 0,7% 

Total Count 161 82 41 39 140 105 284 
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Figure 10. Percentage distribution of serum creatinine, urea, uric acid, total protein, and albumin 

levels within the studied population by type of DM 

5.4.3.2. Discussion 

Increased intake of fructose, which is contained in widely consumed high-calorie foods, leads to 

elevated production of uric acid, which in turn increases the level of free radicals. These radicals 

induce endothelial dysfunction, a fundamental factor in the pathogenesis of DM. Hyperuricemia 

is a predictor of DM, arterial hypertension, and atherosclerosis, which are components of the 

metabolic syndrome (8). It is a well-established fact that increased uric acid production worsens 

insulin resistance in patients; furthermore, the Centers for Disease Control and Prevention (CDC) 

states that individuals with registered DM have a higher risk of developing gout. The study we 

conducted confirms these data—50.5% of patients suffering from T2DM within the framework 

of MS present with elevated uric acid levels, with 53.7% being over 65 years of age and 49.3% 

being male. Additionally, we analyzed uric acid levels in patients with normal weight, 

overweight, and obesity—as anticipated, the highest percentage was observed in the group with a 

BMI over 30, reaching 48.6%. 

A number of studies show a predominance of hyperuricemia among the male sex. In the study 

we conducted, the prevalence of hyperuricemia in established DM was also higher among men. 

W. Cao et al. investigated 1,026 men with DM in China, associating high body weight and 

elevated uric acid levels with gonadal hypofunction. Insulin resistance decreases the secretion of 

GnRH, which leads to a reduction in LH and testosterone concentrations. In turn, the decrease in 

these hormone levels in men leads to rapid weight gain (85). 

Albumin is synthesized by hepatocytes in the liver and is the most abundant protein in blood 

plasma. It performs a number of physiological functions—modulating plasma oncotic pressure 

and transporting various hormones, fatty acids, bilirubin, ions, and drugs within the body (23). 

The amount of albumin is affected by numerous conditions, including dehydration, liver damage, 

nephrotic syndrome, severe inflammatory processes, and malnutrition. Hyperglycemia and a 

depleting insulin secretory reserve in patients with documented DM influence albumin levels by 

reducing its synthesis (24). A number of studies highlight that serum albumin concentration can 

indirectly reflect the insulin reserve in diabetic patients, thereby serving as an indirect indicator 

of glycemic control (25,26). Pandiyan et al. conducted a retrospective analysis of 65 patients 

with T2DM in India over a 6-month period, reporting that 37% of patients with acute 
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hyperglycemia presented with hypoalbuminemia. Among them, 62.5% had concurrent ketonuria. 

The research team emphasizes that low serum albumin predicts the risk of ketosis in patients 

admitted with acute hyperglycemia and proposes serum albumin as a reliable indicator for 

identifying individuals at risk of ketosis, thereby preventing acute complications of DM (27). 

Approximately 40% of patients with established T2DM suffer from diabetic nephropathy, 

whereas the observed prevalence in T1DM is 30% (86). In our study, T2DM was most strongly 

associated with concurrent CKD, presenting with elevated creatinine levels in 37.9% of cases 

and increased urea levels in 39.3%, which is more than twice the percentage calculated for 

T1DM (15.1%). Diabetic nephropathy is a leading factor for the initiation of dialysis treatment. 

Numerous scientific studies mention the use of various biomarkers preceding the development of 

chronic kidney disease; these include not only serum biomarkers but also genetic ones—the 

C677T polymorphism of the MTHFR gene and the 4G/5G polymorphism of the PAI1 gene are 

associated with an increase in serum creatinine levels (87,88). Timely diagnosis and the selection 

of the correct medication would improve outcomes for patients diagnosed with DM. The latest 

consensus recommendations from the ADA and EASD from 2022 for the management of 

hyperglycemia in T2DM are based on a holistic, person-centered approach. Prominent among 

these are the recommendations for the use of glucagon-like peptide-1 receptor agonists (GLP-1 

RAs) and sodium-glucose cotransporter 2 inhibitors (SGLT2-is), which have demonstrated 

benefits in patients with heart failure, chronic kidney disease, and established atherosclerotic 

cardiovascular disease (89). 

5.4.3.3. Conclusions 

T2DM and age over 75 years are most strongly associated with concurrent CKD, corresponding 

to elevated levels of creatinine and urea. The presence of hypoalbuminemia also predominates 

within the same population group. The highest prevalence of hyperuricemia is observed among 

the male sex, in patients with T2DM within the framework of MS, and in individuals over 65 

years of age. 

5.4.4. Levels of liver enzymes – AST, ALT, ALP, and GGT 

5.4.4.1. Results 

 Below lower limit Within range Above upper limit N 

AST [0-36 U/l]* -- 84,6%±2,1% 15,4%±2,1% 285 
ALT [0-35 U/l]* -- 76,8%±2,5% 23,2%±2,5% 285 
АLP [149-363 U/l]* 2,8%±1,4% 89,7%±2,5% 7,6%±2,2% 145 

GGT [60-83 U/l]* -- 63,5%±4,0% 36,5%±4,0% 148 

Table 21. Liver enzyme levels within the studied population 
 

 Age Diagnosis 

 

Kruskal-Wallis 

H df Asymp. Sig. 

Kruskal-Wallis 

H df Asymp. Sig. 

AST 3,214 2 0,200 0,455 2 0,796 

ALT 10,928 2 0,004 5,472 2 0,065 

АLP 6,030 2 0,049 5,229 2 0,073 

GGT 1,429 2 0,489 1,134 2 0,567 

Table 22. Liver enzymes within the studied population – Kruskal-Wallis Test 
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Table 23. Percentage distribution of liver enzyme levels within the studied population by age and 

type of DM 

The highest levels of liver transaminases—AST, ALT, and also GGT—are found within the 

studied group in the age range between 18 and 65 years. As anticipated, they percentage-wise 

predominate in patients with established T2DM within the framework of full-blown metabolic 

syndrome: AST – 17.1%, ALT – 28.6%, GGT – 40.6%. Conversely, elevated levels of alkaline 

phosphatase dominate in patients over 75 years of age (15.6%) and in those with documented 

T1DM. 

5.4.4.2. Discussion 

In 2023, Rafaqat et al. published a comprehensive review focusing on the role of liver 

parameters in DM. Elevated levels of ALT and AST are frequently observed in individuals with 

non-alcoholic fatty liver disease (NAFLD) resulting from hepatic inflammation or injury, which 

can contribute to the development of insulin resistance and impaired glucose metabolism. 

Elevated GGT levels have been proposed as markers of oxidative stress and hepatic dysfunction 

in T2DM (28). 

Fleming KM et al. conducted a cohort study among 13,276 individuals over 75 years of age, 

followed by general practitioners, to evaluate the prevalence and mortality rates in elderly 

individuals with abnormal liver function tests. One or more liver parameters—AST, ALP, and 

bilirubin—were measured in the participants, and elderly patients with abnormal indicators were 

compared to those with normal results. At least one laboratory parameter outside the reference 

range was detected in 16.1% (2,175 individuals) of the studied patients. Abnormal levels of AST 

and ALP were associated with a sevenfold and sixfold increased risk of death due to liver 

disease, respectively, while the presence of two or more abnormal tests was associated with a 2-

fold higher risk of death from malignancy and a 17-fold higher risk of death from liver disease 

(123). 

Rahmani et al. conducted a comprehensive meta-analysis utilizing the Medline/PubMed, Scopus, 

Cochrane, and Embase databases, which encompassed 23 prospective cohort studies involving a 

total of 1,067,922 participants, to investigate the association between hepatic enzymes and CVD 

 

Age Diagnosis Total 

18-65 65-75 > 75 T1DM T2DM T2DM + МS  

(A) (B) (C) (A) (B) (C) (A) 

AST Within range (0-36) Col% 81,5% 90,2% 85,4% 87,2% 85,0% 82,9% 84,6% 

Above upper limit (>36) Col% 18,5% 9,8% 14,6% 12,8% 15,0% 17,1% 15,4% 

Total Count 162 82 41 39 140 105 285 

ALT Within range (0-35) Col% 69,8% 87,8% 

A 

82,9% 89,7% 77,9% 71,4% 76,8% 

Above upper limit (>35) Col% 30,2% 

B 

12,2% 17,1% 10,3% 22,1% 28,6% 23,2% 

Total Count 162 82 41 39 140 105 285 

АLP Below lower limit (<40) Col% 3,3% 3,8% 1 1 1,4% 4,7% 2,8% 

Within range (40-120) Col% 88,5% 94,2% 84,4% 83,3% 88,4% 92,2% 89,7% 

Above upper limit (>120) Col% 8,2% 1,9% 15,6% 16,7% 10,1% 3,1% 7,6% 

Total Count 61 52 32 12 69 64 145 

GGT Within range (0-38) Col% 59,4% 63,5% 71,9% 71,4% 66,7% 59,4% 63,5% 

Above upper limit (>38) Col% 40,6% 36,5% 28,1% 28,6% 33,3% 40,6% 36,5% 

Total Count 64 52 32 14 69 64 148 
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mortality. This extensive analysis demonstrated a direct correlation between cardiovascular 

mortality risk and elevated levels of GGT (HR: 1.62; 95% CI: 1.47–1.78, P=0.001, P-

heterogeneity=0.001), ALP (HR: 1.45; 95% CI: 1.11–1.89, P=0.005, P-heterogeneity=0.026), 

and the aspartate aminotransferase/alanine aminotransferase (AST/ALT) ratio (HR: 2.20; 95% 

CI: 1.60–3.04, P=0.001, P-heterogeneity=0.540) (124). Consistently, our data revealed elevated 

GGT levels in 40.6% of patients with T2DM presenting with metabolic syndrome, and elevated 

ALP in 15.6% of diabetic patients aged over 75 years. Given that these biomarkers are 

significantly associated with accelerated CVD mortality rates, these findings underscore the 

critical clinical imperative for early screening and targeted therapeutic intervention in high-risk 

populations, specifically individuals with elevated BMI and DM, as well as the elderly diabetic 

cohort. 

The reclassification of non-alcoholic fatty liver disease (NAFLD) to metabolic dysfunction-

associated steatotic liver disease (MASLD) over the past three years represents a fundamental 

paradigm shift rather than a mere linguistic amendment. The newly adopted term, MASLD, 

offers a more neutral descriptor that directly addresses the underlying etiology (metabolic 

dysfunction), thereby enhancing clinician-patient communication and therapeutic adherence. 

Patient-centered surveys indicate that the previous nomenclature induced stigma; the descriptor 

'non-alcoholic'—notwithstanding its negative prefix—frequently resulted in patient 

misconception and self-blame. The diagnostic criteria for MASLD necessitate the confirmation 

of hepatic steatosis via ultrasonography, serum biomarkers, or histological assessment, 

concurrent with the presence of at least one of the following metabolic risk factors (125): 

1.Overweight or obesity: BMI ≥ 25 kg/m² for Caucasian populations or BMI ≥ 23 kg/m² for 

Asian populations. 

2.Type 2 diabetes mellitus (T2DM). 

3.Metabolic dysregulation: presence of two or more of the following metabolic abnormalities: 

 Waist circumference: ≥94 cm for males and ≥80 cm for females. 

 Blood pressure: ≥130/85 mmHg or current antihypertensive medication therapy. 

 Triglycerides: ≥ 1.7 mmol/L or current lipid-lowering medication therapy. 

 HDL cholesterol: < 1.0 mmol/L for males and < 1.3 mmol/L for females, or current 

pharmacological treatment for dyslipidemia. 

 Fasting plasma glucose: > 5.6 mmol/L or current administration of glucose-lowering 

medications. 

 HOMA-IR index: ≥2.5 

 High-sensitivity C-reactive protein (hsCRP): ≥2 mg/L  

In numerous studies, the liver is characterized as a metabolic sensor due to its close association 

with CVD risk. The primary pathophysiological mechanisms involve lipid accumulation and 

oxidative stress. Hepatic lipid accumulation leads to an increased influx of free fatty acids 

(FFAs), which triggers oxidative stress and systemic inflammation mediated by pro-

inflammatory cytokines, including tumor necrosis factor-alpha (TNF-alpha), interleukin-6 (IL-6), 

and C-reactive protein (CRP). These processes exacerbate insulin resistance and induce a pro-

atherogenic dyslipidemia characterized by elevated triglycerides, small dense LDL (sdLDL) 

particles, and reduced HDL cholesterol. Collectively, these factors promote endothelial 

dysfunction, plaque formation, and a prothrombotic state, ultimately resulting in plaque 

instability and a significantly heightened cardiovascular risk. Emerging concomitant factors 

include gut dysbiosis (altered microbiota composition) and genetic polymorphisms, notably in 

the PNPLA3 and TM6SF2 genes (126). According to recent consensus guidelines, the 
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introduction of the term metabolic and alcohol-associated liver disease (MetALD) is highly 

warranted; this classification encompasses individuals with MASLD who consume higher 

amounts of alcohol weekly (140–350 g for females and 210–420 g for males) (127). 

5.4.4.3. Conclusions 

The highest serum levels of hepatic transaminases—specifically AST, ALT, and GGT—are 

detected within the 18 to 65 age interval. Expectedly, these elevated biomarkers predominate in 

patients with established T2DM within the context of full-blown metabolic syndrome. 

Conversely, elevated ALP levels are more prevalent in patients aged over 75 years and in those 

with documented T1DM. 

5.4.5. Electrolytes 

5.4.5.1. Results 

 Below lower limit Within ranges Above upper range N 

К [3,5-5,6 mmol\L]* 5,3%±1,3% 93,0%±1,5% 1,8%±0,8% 284 

Na [136-151mmol\L] 15,1%±2,1% 83,8%±2,2% 1,1%±0,6% 284 

Cl [96-110 mmol\L] 27,8%±2,7% 67,3%±2,8% 4,9%±1,3% 284 

Ca [2,12-2,62 mmol\L] 18,5%±4,8% 70,8%±5,6% 10,8%±3,8% 65 

ionized Ca [1,06-1,31mmol\L] 20,0%±5,4%       70,9%±6,1% 9,1%±3,9% 55 

P [0,77-1,45 mmol\L] 9,7%±3,8% 83,9%±4,7% 6,5%±3,1% 62 

Mg [0,73-1,06 mmol\L] 31,7%±7,3% 65,9%±7,4% 2,4%±2,4% 41 

* Reference range 

Table 24. Distribution of electrolyte levels within the study population 

 

 Age Diagnosis 

 

Kruskal-Wallis 

H df Asymp. Sig. 

Kruskal-Wallis 

H df Asymp. Sig. 

К 1,094 2 0,579 0,695 2 0,707 

Na 4,114 2 0,128 4,924 2 0,085 

Cl 14,048 2 0,001 0,958 2 0,620 

Ca 0,277 2 0,871 4,757 2 0,093 

ion.Са 7,420 2 0,024 0,736 2 0,692 

Р 2,039 2 0,361 1,604 2 0,448 

Mg 2,087 2 0,352 0,051 2 0,975 

Table 25. Electrolyte levels within the study population – Kruskal-Wallis test 

Patients with established DM exhibit a higher predisposition to developing electrolyte 

imbalances, primarily driven by underlying hyperglycemia and subsequent osmotic diuresis. The 

incidence of dyselectrolytemia is significantly elevated among hospitalized patients presenting 

with multiple comorbidities and receiving multi-drug regimens, including various classes of 

diuretics. 
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Figure 11. Percentage distribution of serum chloride (Cl) levels within the study population 

stratified by age and type of DM 

 

 
Figure 12. Percentage distribution of reduced serum sodium (Na) and calcium (Ca) levels within 

the study population stratified by DM type 

 

The most prevalent electrolyte imbalance identified within our study population of hospitalized 

patients was hypochloremia, with an overall incidence of 27.8%. Notably, its prevalence was 

statistically significantly higher in individuals aged between 18 and 65 years compared to the 

other age cohorts, reaching 36.0%. Conversely, hyperchloremia was predominantly observed in 

patients aged over 75 years, with a prevalence of 12.2%. Hyponatremia was detected in 15.1% of 

the total cohort, with the highest incidence documented among patients with T1DM at 25.6%. 

Regarding potassium imbalances, hypokalemia was registered in 5.3% of the cases, whereas only 

1.8% of the study population presented with hyperkalemia. Furthermore, a significantly higher 

rate of hypocalcemia was notably observed in patients with T2DM, accounting for 31.3% of this 

subgroup. 
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К Below lower range(< 3.5) Col% 4,3% 6,1% 7,3% 7,7% 6,4% 2,9% 5,3% 

Within ranges (3.5-5.6) Col% 93,8% 91,5% 92,7% 89,7% 91,4% 96,2% 93,0% 

Above upper range(> 5.6) Col% 1,9% 2,4% 1 2,6% 2,1% 1,0% 1,8% 

Total Count 161 82 41 39 140 105 284 

Na Below lower range(< 136) Col% 18,6% 7,3% 17,1% 25,6% 

C 

16,4% 9,5% 15,1% 

Within ranges (136-151) Col% 80,1% 92,7% 

A 

80,5% 71,8% 82,9% 89,5% 

A 

83,8% 

Above upper range(> 151) Col% 1,2% 1 2,4% 2,6% 0,7% 1,0% 1,1% 

Total Count 161 82 41 39 140 105 284 

Cl Below lower range(< 96) Col% 36,0% 

B 

17,1% 17,1% 30,8% 24,3% 31,4% 27,8% 

Within ranges (96-110) Col% 60,9% 78,0% 

A 

70,7% 59,0% 72,1% 63,8% 67,3% 

Above upper range(> 110) Col% 3,1% 4,9% 12,2% 

A 

10,3% 3,6% 4,8% 4,9% 

Total Count 161 82 41 39 140 105 284 

Ca Below lower range(< 2.12) Col% 13,5% 26,7% 23,1% 11,1% 31,3% 

C 

4,2% 18,5% 

Within ranges (2.12-2.62) Col% 78,4% 60,0% 61,5% 77,8% 59,4% 83,3% 70,8% 

Above upper range(> 2.62) Col% 8,1% 13,3% 15,4% 11,1% 9,4% 12,5% 10,8% 

Total Count 37 15 13 9 32 24 65 

ion.Са Below lower range(< 1.06) Col% 23,3% 30,8% 1 16,7% 21,4% 19,0% 20,0% 

Within ranges (1.06-1.31) Col% 70,0% 69,2% 75,0% 66,7% 64,3% 81,0% 70,9% 

Above upper range(> 1.31) Col% 6,7% 1 25,0% 16,7% 14,3% 1 9,1% 

Total Count 30 13 12 6 28 21 55 

Р 

 

 

 

 

 

Mg 

Below lower range(< 0.77) Col% 9,1% 6,3% 15,4% 14,3% 16,7% 1 9,7% 

Within ranges (0.77-1.45) Col% 84,8% 81,3% 84,6% 85,7% 73,3% 96,0% 83,9% 

Above upper range(> 1.45) Col% 6,1% 12,5% 1 1 10,0% 4,0% 6,5% 

Total Count 33 16 13 7 30 25 62 

Below lower range(< 0.73) Col% 38,1% 33,3% 18,2% 25,0% 33,3% 31,3% 31,7% 

Within ranges (0.73-1.06) Col% 61,9% 66,7% 72,7% 75,0% 61,9% 68,8% 65,9% 

Above upper range(> 1.06) Col% 1 1 9,1% 1 4,8% 1 2,4% 

Total Count 21 9 11 4 21 16 41 

Table 26. Percentage distribution of electrolyte levels within the study population stratified by 

age and type of DM 

5.4.5.2. Discussion 

Electrolyte imbalances are frequently encountered in patients with documented DM and are 

associated with increased morbidity and mortality. These abnormalities predominantly manifest 

in diabetic individuals with poor glycemic control, advanced age, and impaired renal function. 

Physiologically, glucose acts as an osmotically active substance. Hyperglycemia elevates serum 

osmolarity, causing a fluid shift from the intracellular to the extracellular space, subsequently 

reducing serum sodium levels via dilution (90). Conversely, elevated blood glucose levels induce 

osmotic diuresis, resulting in intravascular volume depletion. The presentation of hypernatremia 

in the presence of hyperglycemia indicates severe dehydration (91). Reduced serum potassium 

levels in diabetic patients can be attributed to: 1) losses secondary to diarrhea or vomiting, 2) 

renal losses resulting from osmotic diuresis and hypomagnesemia, and 3) the direct effect of 
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insulin, which mediates the redistribution of potassium from the extracellular to the intracellular 

fluid compartment. 

A variety of medications exert an influence on serum potassium levels by elevating them, with 

potassium-sparing diuretics and beta-blockers being the most frequently utilized in daily clinical 

practice. Chronic hyperkalemia in elderly individuals and patients with diagnosed DM is often 

secondary to hyporeninemic hypoaldosteronism (92). 

Hypoalbuminemia is associated with pseudohypocalcemia—a reduction in the total serum 

calcium concentration in the presence of normal ionized calcium levels. Consequently, in 

hypoalbuminemic states, it is necessary to employ a correction formula for total calcium levels 

by adding 0.8 mg/dL (0.2 mmol/L) to the measured calcium values for every 1 g/dL decrease in 

serum albumin below the normal reference value (90). In our study, 21.4% of patients with 

T2DM presented with hypocalcemia. Concurrently, reduced serum albumin levels were observed 

in the highest percentage among patients aged over 75 years (24.4%) and those suffering from 

T2DM (16.4%). Given the strict interdependence between calcium and albumin levels, we also 

measured ionized calcium levels. These findings confirmed the premise that patients with T2DM 

exhibit the highest incidence of hypocalcemia at 21.4%; for comparison, the T1DM study cohort 

presented with low ionized calcium levels in 16.7% of cases. 

Low serum chloride levels are frequently secondary to metabolic alkalosis resulting from 

gastrointestinal losses (such as persistent vomiting, commonly encountered in patients with 

diabetic ketoacidosis), diuretic use, or chronic respiratory acidosis (93). Conversely, during 

normal saline fluid resuscitation in diabetic ketoacidosis, the bicarbonate deficit is replaced by 

chloride ions, leading to the development of a hyperchloremic, low-bicarbonate state in these 

patients (91). 

Karuppan et al. conducted a cross-sectional study among 342 patients with documented DM, 

comparing the incidence of electrolyte imbalances between patients with good versus poor 

glycemic control. They highlighted that hyponatremia and hypochloremia are detected with a 

higher frequency among diabetic patients with suboptimal glycemic control, defined as an 

HbA1c level above 7% (29). In our study, the findings corroborate this assertion: hyponatremia 

was prevalent among patients with T1DM (25.6%), with 92.3% of these individuals presenting 

with glycated hemoglobin values exceeding 7%. 

Pawar et al. compared electrolyte levels between diabetic patients and healthy controls in their 

cross-sectional comparative study. Their research revealed significant electrolyte imbalances in 

patients with T2DM, characterized by reduced levels of sodium and chloride, along with 

elevated potassium levels compared to the healthy controls. The negative correlations observed 

between sodium and chloride levels and both diabetes duration and glycated hemoglobin levels 

suggest that prolonged hyperglycemia may exacerbate electrolyte derangements. These findings 

underscore the importance of routine monitoring of serum electrolytes in patients with T2DM, 

particularly those with poor glycemic control, to mitigate potential complications (30). 

5.4.5.3. Conclusions 

The most prevalent electrolyte imbalance identified within our study population of hospitalized 

patients with DM was hypochloremia, which predominated in the 18 to 65 age group; 

conversely, hyperchloremia was primarily observed in patients aged over 75 years. The highest 

incidence of hyponatremia was documented among patients with T1DM. Hypokalemia was a 

more frequent abnormality compared to hyperkalemia within our hospitalized cohort. 

Additionally, a significantly higher percentage of hypocalcemia was notably observed in patients 

with T2DM. 
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5.4.6. Lipid Metabolism Parameters in the Study Population 

5.4.6.1. Results 

 Below lower limit Within range Above upper range N 

Total cholesterol [3,0-5,2 

mmol\L]* 
8,4%±1,6% 53,5%±2,9% 38,1%±2,9% 286 

HDL cholesterol [1,03-1,6 

mmol\L] 
40,9%±2,9% 

48,3%±3,0% 
10,8%±1,8% 286 

LDL cholesterol [1,0-3,9 

mmol\L] 
4,7%±3,2% 

74,4%±6,7% 
20,9%±6,2% 43 

Triglycerides [0,4-1,7 mmol\L]  50,3%±3,0% 49,7%±3,0% 286 

* Reference range 

Table 27. Lipid profile of the study population 

 

 

 Age Diagnosis 

 

Kruskal-Wallis 

H df Asymp. Sig. 

Kruskal-Wallis 

H df Asymp. Sig. 

Total cholesterol 8,178 2 0,017 6,021 2 0,049 

HDL cholesterol 1,066 2 0,587 13,281 2 0,001 

LDL cholesterol 2,980 2 0,225 0,046 2 0,977 

Triglycerides 1,721 2 0,423 9,003 2 0,011 

Table 28. Lipid profile of the study population – Kruskal-Wallis test 

 

In our study population of hospitalized patients, a notable finding is the predominantly elevated 

levels of total cholesterol, LDL cholesterol, and triglycerides within the youngest age group (18–

65 years), at 43.6%, 30%, and 52.8%, respectively. A statistically significant difference was 

observed in total cholesterol levels below the lower limit of the reference interval among patients 

over 75 years of age (19.5%), which is likely a consequence of the widespread use of lipid-

lowering medications aimed at reducing cardiovascular risk and adverse events. Regarding the 

established diagnosis, overt hypertriglyceridemia was observed in patients with T2DM and 

T2DM presenting within the framework of MS (56.2% and 50.7%, respectively) compared to the 

T1DM cohort, where 71.8% presented with blood triglyceride values within the reference range. 

Similar trends were observed for LDL cholesterol levels.Of particular note is the statistically 

significant association between HDL cholesterol and the specific diagnosis; the highest levels of 

'good' cholesterol were recorded in T1DM patients (28.2%), whereas 44.3% and 43.8% of 

patients diagnosed with T2DM and T2DM plus MS, respectively, presented with subnormal 

HDL cholesterol levels. 

Regarding treatment, 68.53% of all evaluated patients were not receiving lipid-lowering 

medication. The remaining 31.47% were on various therapeutic regimens, with the largest 

proportion consisting of individuals prescribed statin monotherapy (60%), followed by 

concomitant therapy with a statin and a fibrate (23.33%), or a statin and ezetimibe (16.67%). 

 

 

 

 

Age Diagnosis Total 

18-65 65-75 >75 T1DM T2DM 

T2DM + 

МS  

(A) (B) (C) (A) (B) (C) (A) 
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Table 29. Lipid profile of the study population by age and type of DM 

5.4.6.2. Discussion 

Dyslipidemia represents a global health challenge that affects millions of people worldwide and 

significantly escalates the risk of cardiovascular disease, myocardial infarction, and stroke. 

Annually, over 2.6 million deaths are attributable to this condition, with more than 54% of the 

European population having been diagnosed with elevated cholesterol levels following medical 

consultation. Diabetes mellitus is consistently accompanied by a constellation of metabolic 

disturbances, with dyslipidemia being among the most prevalent. Atherosclerosis in patients with 

DM progresses at an accelerated pace and manifests at an earlier age compared to individuals 

without DM, thereby increasing the risk of numerous cardiovascular complications. In a study 

encompassing 2,432 patients, Haffner SM et al. emphasized that patients with DM and no prior 

history of atherosclerotic cardiovascular disease exhibit a risk of myocardial infarction 

comparable to that of non-diabetic individuals with established cardiovascular disease; thus, DM 

is considered a risk factor equivalent to a history of a prior cardiovascular event. These findings 

justify an approach where cardiovascular risk factors in patients with DM are managed as 

aggressively as in non-diabetic patients with a history of myocardial infarction (141). 

Dyslipidemia is an asymptomatic condition, highlighting the critical importance of regular 

screening and monitoring. According to the American Heart Association (AHA), healthy 

individuals aged 20 and older should undergo screening every 4 to 6 years. In the pediatric 

population, lipid profile screening is recommended during two specific age windows: 9 to 11 

years and above 17 years. Individuals at high risk, including those with established 

cardiovascular disease, DM, or obesity, require substantially more frequent monitoring 

(annually, or at 3- to 6-month intervals, as well as following any modification to lipid-lowering 

therapy, depending on the underlying concomitant pathology). 

Total 

cholesterol 

Below lower limit(< 3.0) Col% 4,3% 11,0% 19,5% 

A 

1 11,4% 7,6% 8,4% 

Within range (3.0-5.2) Col% 52,1% 61,0% 43,9% 51,3% 55,7% 51,4% 53,5% 

Above upper limit(> 5.2) Col% 43,6% 28,0% 36,6% 48,7% 32,9% 41,0% 38,1% 

Total Count 163 82 41 39 140 105 286 

HDL 

cholesterol 

Below lower limit(< 1.03) Col% 42,3% 36,6% 43,9% 20,5% 44,3% 

A 

43,8% 

A 

40,9% 

Within range (1.03-1.6) Col% 46,6% 51,2% 48,8% 51,3% 47,9% 47,6% 48,3% 

Above upper limit(> 1.6) Col% 11,0% 12,2% 7,3% 28,2% 

B C 

7,9% 8,6% 10,8% 

Total Count 163 82 41 39 140 105 286 

LDL 

cholesterol 

Below lower limit(< 1) Col% 1 16,7% 1 1 6,3% 5,3% 4,7% 

Within range (1-3.9) Col% 70,0% 66,7% 90,9% 83,3% 75,0% 73,7% 74,4% 

Above upper limit(> 3.9) Col% 30,0% 16,7% 9,1% 16,7% 18,8% 21,1% 20,9% 

Total Count 20 12 11 6 16 19 43 

Triglycerides Within range (0.4-1.7) Col% 47,2% 56,1% 51,2% 71,8% 

B C 

49,3% 43,8% 50,3% 

Above upper limit(> 1.7) Col% 52,8% 43,9% 48,8% 28,2% 50,7% 

A 

56,2% 

A 

49,7% 

Total Count 163 82 41 39 140 105 286 
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Dyslipidemia can be classified into primary and secondary forms. Primary dyslipidemia is 

caused by genetic defects, involving mutations in one or more genes responsible for lipid 

metabolism within the body. Secondary dyslipidemia is observed in: 

  Individuals leading a sedentary lifestyle, adhering to an unhealthy high-calorie diet with a 

high intake of foods rich in saturated and trans fats, as well as individuals with harmful habits 

such as tobacco smoking and excessive alcohol consumption. 

 Individuals suffering from DM, MS, chronic kidney disease (CKD), or untreated 

hypothyroidism — in the latter case, evaluating thyroid hormone levels is critically important 

due to their essential role in lipid metabolism. 

 The administration of certain medications, such as corticosteroids, oral contraceptives, beta-

blockers, and antidepressants, which affect cholesterol and triglyceride levels through various 

mechanisms. 

Processed foods containing substantial amounts of saturated and trans fats lead to a marked 

increase in LDL cholesterol levels, and their daily intake should be strictly limited. However, 

this does not imply the complete exclusion of fats from the diet, as doing so would have a 

detrimental effect on the body. Dietary mono- and polyunsaturated fatty acids reduce LDL 

cholesterol levels. Of paramount importance is the dietary intake of essential polyunsaturated 

fatty acids (linoleic and linolenic acids), which the human body cannot synthesize endogenously. 

These acids play a vital role in maintaining metabolism, as well as in brain development and 

function, with recent studies suggesting they reduce the risk of developing Alzheimer's disease. 

Various pharmacological classes are utilized in the management of dyslipidemia, including 

statins, fibrates, bile acid sequestrants, intestinal cholesterol absorption inhibitors (ezetimibe), 

and PCSK9 inhibitors. Achieving target LDL and Non-HDL cholesterol levels is of critical 

importance in patients stratified into very high, high, and moderate risk categories. 

 

Lipid Management in Type 2 Diabetes Mellitus 
Very high risk DM and established CVD 

DM with target organ damage 

DM and ≥3 major risk factors 

LDL <1.4 mmol-

l/reduction from 

baseline ≥ 50 % 

Secondary target 

Non-HDL-c < 

2.2 mmol-l 

High risk DM duration ≥10 years AND ≥1 

additional risk factor 

LDL <1.8 mmol-

l/ reduction from 

baseline ≥ 50 % 

Secondary target 

Non-HDL-c < 

2.6 mmol-l 

Moderate risk Age < 50 years with DM duration < 10 

years AND no other risk factors 

LDL <2.6 mmol-l  

Table 30. Lipid management 

When selecting a hypoglycemic agent, the compelling clinical advantages of the therapy extend 

beyond blood glucose control to encompass its impact on the lipid profile, body weight 

reduction, and the mitigation of cardiovascular (CV) risk. Insulin, sulfonylureas, meglitinides, 

dipeptidyl peptidase-4 (DPP-4) inhibitors, and alpha-glucosidase inhibitors do not significantly 

alter fasting lipid profiles; their effects are mediated indirectly via the improvement of glycemic 

control. Although data indicate that DPP-4 inhibitors and acarbose reduce postprandial 

triglyceride fluctuations, they exhibit no substantial effect on fasting lipid concentrations (142). 

Conversely, metformin, thiazolidinediones, glucagon-like peptide-1 (GLP-1) receptor agonists, 

and sodium-glucose cotransporter-2 (SGLT2) inhibitors exert distinct effects on serum lipid 

levels that are independent of glycemic control. 
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In his article on dyslipidemia in patients with DM, Feingold presents the primary characteristics 

of the lipid profile categorized by diabetes type. In patients with T1DM, the lipid profile closely 

approximates that of healthy controls, provided that optimal glycemic control is maintained. 

Conversely, T2DM accompanied by poor glycemic control is characterized by elevated levels of 

triglycerides (TG), very-low-density lipoprotein (VLDL), and intermediate-density lipoprotein 

(IDL), along with a reduction in high-density lipoprotein cholesterol (HDL-C). Furthermore, 

normal or moderately elevated low-density lipoprotein cholesterol (LDL-C) concentrations are 

observed, concomitant with an increase in small dense LDL (sdLDL) particles, total LDL 

particle number (LDL-P), and apolipoprotein B (ApoB) (31). These provided data closely align 

with the findings obtained in our study. 

The distinct pathophysiological mechanisms underlying T1DM and T2DM dictate the specific 

alterations observed in TG levels. Patients with T1DM frequently present with normal or even 

more favorable TG profiles compared to those with T2DM. The primary factors contributing to 

this trend include the absence of insulin resistance and the maintenance of an optimal body 

weight in T1DM, combined with the metabolic physiological effects of subcutaneous insulin 

administration. Conversely, factors such as insulinopenia, lipolysis, diabetic ketoacidosis (DKA), 

and poor glycemic control elevate TG levels in T1DM. In patients with T1DM presenting with 

DKA, profound alterations in the lipid profile occur as a direct consequence of absolute insulin 

deficiency. Triglyceride-rich lipoproteins (TRLs), specifically chylomicrons and very-low-

density lipoproteins (VLDL), are elevated, leading to marked hypertriglyceridemia. This 

phenomenon is predominantly driven by a diminished activity of the enzyme lipoprotein lipase 

(LPL). Under physiological conditions, insulin stimulates LPL activity; consequently, severe 

insulin deficiency precipitates a significant down-regulation of this enzyme. The reduced activity 

of LPL profoundly impairs the catabolism of TRLs, serving as the primary driver of 

hypertriglyceridemia in this acute state. Additionally, during DKA, low-density lipoprotein 

cholesterol (LDL-C) levels are decreased, and high-density lipoprotein cholesterol (HDL-C) 

levels are substantially reduced. Appropriately titrated insulin therapy facilitates the resolution of 

this metabolic derangement (143). In T1DM patients exhibiting poor or suboptimal glycemic 

control, TG levels are elevated due to increased VLDL hepatic production, which is stimulated 

by high concentrations of circulating free fatty acids (FFAs) arising from relative insulin 

deficiency. Conversely, in well-controlled T1DM, the lipid profile is entirely distinct: TG levels 

are normal or slightly decreased. This is attributed to intensive insulin therapy and its 

subcutaneous route of administration, which induces a state of peripheral hyperinsulinemia that 

enhances LPL activity. Concurrently, LDL-C levels remain normal or are mildly reduced due to 

decreased hepatic VLDL synthesis. Regarding HDL-C, levels are normal or slightly elevated. 

This is mediated by an increased ratio of lipoprotein lipase to hepatic lipase activity (manifested 

as upregulated LPL activity alongside normal hepatic lipase activity), which is a direct 

consequence of the peripheral hyperinsulinemia established by subcutaneous insulin delivery 

(143). 

5.4.6.3. Conclusions 

The highest prevalence of dyslipidemia was observed in the youngest age group (18–65 years). 

Total cholesterol levels below the lower limit of the reference interval were documented in 

patients aged over 75 years. Regarding the classification of diabetes mellitus, patients with 

T1DM presented with a lower frequency of lipid metabolism disorders compared to those with 

T2DM and T2DM within the cohort of metabolic syndrome, a finding that conforms to clinical 
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expectations. The predominant majority of the evaluated patients with DM (68.53%) were not 

receiving lipid-lowering therapy. Among the prescribed therapeutic regimens, statin 

monotherapy was the most frequent (60.00%), followed by combination therapies of statins with 

fibrates (23.33%) and statins with ezetimibe (16.67%). 

5.4.7. Glycemic Control in the Study Population 

5.4.7.1. Results and Discussion 

 < 7% 7-8.5% 8.5-10% >10% Total 

HbA1c [ % ] 22,1%±2,5% 24,2%±2,6% 26%±2,6% 27,8%±2,7% 281 

Table 31. Percentage distribution according to glycated hemoglobin levels 

 

 

Age Diagnosis Total 

18-65 65-75 > 75 T1DM T2DM 

T2DM + 

МS  

(A) (B) (C) (A) (B) (C) (A) 

HbA1c [ % ] < 7% Col% 21,3% 20,0% 29,3% 7,7% 18,0% 33,7% 

A B 

22,1% 

7-8.5% Col% 24,4% 31,3% 

C 

9,8% 28,2% 18,7% 29,7% 24,2% 

8.5-10% Col% 25,0% 23,8% 34,1% 25,6% 30,2% 19,8% 26,0% 

>10% Col% 29,4% 25,0% 26,8% 38,5% 

C 

33,1% 

C 

16,8% 27,8% 

Total Count 160 80 41 39 139 101 281 

Table 32. Distribution of HbA1c levels by age and diagnosis 

 

Based on glycated hemoglobin (HbA1c) levels, the patients were stratified into four distinct 

groups: relatively optimal glycemic control (HbA1c < 7.0%), acceptable glycemic control (7.0–

8.5%), poor glycemic control (8.5–10.0%), and severely impaired glycemic control (HbA1c > 

10.0%). 

The largest proportion of patients with T2DM within the metabolic syndrome cohort exhibited 

relatively optimal (HbA1c < 7.0%) and acceptable glycemic control (HbA1c 7.0–8.5%), 

accounting for 33.7% and 29.7% of the subgroup, respectively. Patients with T2DM presented 

with poor glycemic control (HbA1c 8.5–10.0%) in 30.2% of cases, whereas severely impaired 

control was prevalent predominantly in patients with T1DM (38.5%). 

When analyzing the age factor, severely impaired control was primarily identified in the 

youngest age group (18–65 years), at 29.4%, whereas 34.1% of patients with DM aged over 75 

years exhibited poor control. The population group aged 65–75 years demonstrated 

comparatively superior outcomes regarding glycemic levels over the preceding 3 months, with 

31.3% achieving acceptable glycemic control. 

 Count Column N % 

Standard Error 

of Column N % 

ОАD Metformin 156 54,5% 2,9% 

Sulfonylureas 89 31,1% 2,7% 

Thiazolidinediones 3 1,0% 0,6% 

Alpha-glucosidase inhibitors 3 1,0% 0,6% 

DPP-4 inhibitors 38 13,3% 2,0% 

GLP 1 RA 18 6,3% 1,4% 

SGLT2 inhibitors 32 11,2% 1,9% 
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none 99 34,6% 2,8% 

Total 286 100,0% . 

Insulin Rapid-acting human insulin 23 15,4% 3,0% 

Intermediate-acting human insulin 36 24,2% 3,5% 

Human insulin mixture 30 20,1% 3,3% 

Rapid-acting insulin analog 54 36,2% 3,9% 

Long-acting insulin analog 64 43,0% 4,1% 

Insulin analog mixture 17 11,4% 2,6% 

Total 149 100,0% . 

Table 33. Frequency of administration of oral hypoglycemic agents and insulin 

In our study population, metformin was the most frequently utilized oral antidiabetic drug 

(OAD), administered to 54.5% of the patients. This high prevalence is likely attributable not only 

to biguanide monotherapy in patients with T2DM within the metabolic syndrome cohort but also 

to the market availability of highly accessible and efficacious fixed-dose combinations of 

metformin with dipeptidyl peptidase-4 (DPP-4) inhibitors or sodium-glucose cotransporter-2 

(SGLT2) inhibitors. Among patients undergoing insulin therapy, the utilization of long-acting 

insulin analogs was the most widespread (43.0%). We hypothesize that this trend is driven not 

only by the more physiological action profile and lower risk of hypoglycemia associated with 

this class of insulins but also by the frequent use of ultra-long-acting insulins—either as 

monotherapy or in combination with glucagon-like peptide-1 receptor agonists (GLP-1 RAs)—in 

patients with poorly controlled diabetes requiring therapeutic intensification prior to initiating a 

basal-bolus insulin regimen. 

The measurement of glycated hemoglobin (HbA1c) in patients with DM provides a retrospective 

assessment of glycemic status over the preceding 12 weeks, a timeframe corresponding to the 

lifespan of erythrocytes. In routine clinical practice, HbA1c measurement represents the gold 

standard for the diagnosis, monitoring, and evaluation of therapeutic response in DM. 

Historically, HbA1c was initially isolated in 1958 by Huisman et al., and a decade later, 

Bookchin and Gallop identified it as a glycoprotein. Its clinical significance was established in 

1969 by Rahbar et al., who demonstrated markedly elevated HbA1c levels in individuals with 

diabetes (144). 

Elevated glycated hemoglobin levels constitute a significant risk factor for CVD and stroke in 

patients with diabetes mellitus. In a prospective cohort study encompassing 11,092 individuals, 

Selvin et al. demonstrated that increased HbA1c concentrations are strongly associated with the 

risk of cardiovascular events and all-cause mortality (145). Similarly, Khaw et al., in a 

prospective population-based study evaluating HbA1c levels in 4,662 men aged 45 to 79 years, 

emphasized that even a 1% increase in HbA1c concentration is associated with an approximately 

30% increase in all-cause mortality and a 40% increase in mortality from cardiovascular or 

ischemic heart disease (IHD) among patients with diabetes. Conversely, a reduction in HbA1c 

levels by a mere 0.2% could potentially decrease mortality by 10% (146). 

Furthermore, Vaag presented key conclusions from the landmark Steno-2 trial, which included 

160 patients with T2DM in Denmark. The author highlighted that the optimization of glycemic 

control in patients with T2DM may be as crucial as, or potentially even more critical than, the 

management of arterial hypertension and dyslipidemia in preventing both microvascular and 

macrovascular complications. This holds particularly true when intensive therapeutic 

intervention is initiated during the early stages of the disease course (147). 
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The study conducted by Kompoti et al. emphasizes the pivotal role of HbA1c as a key 

determinant of clinical outcomes in critically ill patients. Their data indicate that levels of this 

biomarker serve as a reliable predictor of intensive care unit (ICU) mortality and function as an 

effective screening tool for detecting unrecognized glucose metabolism disorders upon 

admission (148). 

In a retrospective study encompassing 4,817 patients with T2DM followed over a 9-year period, 

Kim et al. investigated how visit-to-visit HbA1c variability during the initial 3 years influences 

cardiovascular risk, stratified by the status of baseline glycemic control. Following rigorous data 

analysis, it was demonstrated that achieving robust glucose-lowering in the early stages of 

diabetes mellitus may carry greater clinical significance than reducing visit-to-visit HbA1c 

variability (150). 

5.4.7.2. Conclusions 

1. Patients with T2DM within the metabolic syndrome cohort predominantly exhibit 

relatively optimal (HbA1c < 7.0%) and acceptable glycemic control (HbA1c 7.0–8.5%). 

Conversely, glycemic control in patients with T2DM alone is largely poor (HbA1c 8.5–

10.0%), whereas severely impaired control is prevalent primarily in the T1DM cohort. 

2. Regarding the age factor, severely impaired glycemic control is most frequently 

identified in the youngest age group (18–65 years), whereas patients with diabetes 

mellitus aged over 75 years present most commonly with poor control (HbA1c 8.5–

10.0%). The population group aged 65–75 years demonstrates comparatively superior 

outcomes regarding glycemic levels over the preceding 3 months, with 31.3% achieving 

acceptable glycemic control. 

3. Metformin is the most frequently utilized oral antidiabetic drug within the investigated 

patient population. Among patients undergoing insulin therapy, the administration of 

long-acting insulin analogs represents the most widespread therapeutic approach. 

5.5. Cluster Analysis of the Study Population - Regarding Objective 5 

5.5.1. Results 

Given the compelling and clinically significant data presented by Ahlqvist et al. in a large-scale 

Scandinavian clinical trial—which identified five distinct subgroups of diabetes mellitus based 

on the clustering of clinical, biochemical, and genetic variables in individuals with newly 

diagnosed diabetes—we sought to stratify our study cohort in an analogous manner. The study 

population comprised 286 hospitalized patients with diabetes mellitus (151 women and 135 men) 

aged between 18 and 96 years. To distribute patients into the respective clusters, we utilized five 

key parameters: age at diagnosis, BMI, HbA1c, presence of anti-glutamic acid decarboxylase 

(anti-GAD65) antibodies, and homeostatic model assessment of insulin resistance (HOMA-IR). 

The targeted classification aimed to assign individuals to the following cohorts:Severe 

Autoimmune Diabetes (SAID), Severe Insulin-Deficient Diabetes (SIDD), Severe Insulin-

Resistant Diabetes (SIRD), Mild Obesity-Related Diabetes (MOD), Mild Age-Related Diabetes 

(MARD). Additionally, disease duration and the utilization of insulin therapy were factored into 

the analysis. 

Cluster 1 (SAID) comprised 22 patients (7.7%) who fulfilled all predefined inclusion criteria. 

Cluster 2 (SIDD) included 51 patients (17.8%); notably, 20 of these individuals tested negative 

for anti-GAD65 antibodies. The remaining 31 patients were classified into this subgroup despite 

the absence of documented anti-GAD65 antibody status; this classification was justified by their 
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identical clinical phenotype to Cluster 1, a relatively short diabetes duration (less than 15 years), 

and the early initiation of insulin therapy. Forty-five patients (15.7%) presented with severe 

insulin-resistant diabetes, corresponding to Cluster 3 (SIRD). Regarding the subgroups with 

milder forms of diabetes, Cluster 4 (MOD) and Cluster 5 (MARD) accounted for 75 (26.2%) and 

93 (32.6%) patients, respectively. Consequently, in our hospitalized sample, patients with mild 

age-related diabetes constituted the predominant cohort. 

 
Figure 13. Criteria for allocating patients with DM to the various clusters 

 

 
Figure 14. Percentage distribution of patients across the distinct clusters 

5.5.2. Discussion 

Contemporary classification of diabetes mellitus aims to transcend the traditional dichotomy of 

type 1 and type 2 diabetes, shifting toward a deeper understanding of the complex 

pathophysiological pathways underlying hyperglycemia. The primary challenge lies in the 

• early onset, BMI<25, poor glycemic control (high 
HbA1c > 9%) and the presence of anti-GAD65 
antibodies.  

SAID-22 patients 

•early onset, BMI< 25, poor metabolic control (HbA1c > 9%), absence 
of anti GAD65 antiodies, for patients with undocumented antibody 
status, a diabetes duration of less than 15 years combined with 
ongoing insulin therapy was required 

SIDD- 51 patients 

• BMI>25 marked IR (НОМА-IR > 5), with lower 
HbA1c- 7,5-9% level SIRD-45 patients 

• Elevated BMI>30 in the absence of IR, with an 
HbA1c level upto 7.5% MOD-75 patients 

• age > 65 years, absence of IR НОМА- IR < 2,5, 
milder metabolic derangements MARD-93 patients 

7.7% 
17.8% 

15.7% 

26.2% 

32.6% 

Cluster distribution in DM 

Cluster 1

Cluster 2

Cluster 3

Cluster 4

Cluster 5
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classification of patients presenting with overlapping clinical features and in elucidating the 

precise nature of hybrid forms of the disease. 

In 2008, the All New Diabetics in Scania (ANDIS) registry was established with the objective of 

enrolling all individuals within one year of a new diabetes diagnosis in the Scania region of 

Southern Sweden (45). The cohort encompassed over 20,000 individuals, representing more than 

90% of the newly diagnosed patient population. Utilizing this database, Ahlqvist et al. stratified 

these individuals based on six key parameters: age at diagnosis, BMI, HbA1c, presence of anti-

GAD65 antibodies, and homeostatic model assessment 2 estimates of beta-cell function 

(HOMA2-B) and insulin resistance (HOMA2-IR) (45, 46). 

The five identified clusters possess distinct clinical characteristics and disease progression 

profiles. Cluster 1—Severe Autoimmune Diabetes (SAID)—accounts for 6% of the adult cohort 

within the ANDIS registry; Cluster 2—Severe Insulin-Deficient Diabetes (SIDD)—comprises 

18% of the studied population; Cluster 3 (SIRD)—Severe Insulin-Resistant Diabetes—presents 

in 15% of the patients; Cluster 4 (MOD)—Mild Obesity-Related Diabetes—encompasses 22% 

of the individuals; and Cluster 5 (MARD)—Mild Age-Related Diabetes—represents the largest 

cohort at 39%, aggregating older patients with diabetes mellitus who do not exhibit insulin 

resistance (45-47). Notably, the results obtained from our cluster analysis of hospitalized patients 

with diabetes mellitus closely align with the percentage distribution reported in the landmark 

Scandinavian study. 

Following the publication of the extensive research by Ahlqvist et al., numerous authors have 

reported data regarding diabetes clustering across diverse patient cohorts. To validate the 

reproducibility and applicability of this novel cluster-based classification system within Chinese 

and American populations, Zou et al. analyzed 2,316 participants with newly diagnosed diabetes 

mellitus from the 2007–08 Chinese National Diabetes and Metabolic Disorders Study 

(CNDMDS) and 685 participants with newly diagnosed diabetes from the US Third National 

Health and Nutrition Examination Survey (NHANES III, 1988–94). The evaluation of these 

Chinese and American datasets successfully replicated the novel diabetes clusters proposed by 

Ahlqvist et al., suggesting the potential generalizability of this initially Eurocentric classification 

system to other ethnicities.Concurrently, potentially due to ethnic disparities and specific 

participant selection criteria, the distribution of these clusters varied among the Chinese, 

European, and American cohorts. While the clinical phenotypes within each cluster remained 

remarkably consistent across all ethnicities, a notable divergence was observed in the Severe 

Insulin-Resistant Diabetes (SIRD) subgroup; specifically, patients within the Chinese dataset 

were younger than their counterparts in the American and European cohorts. Furthermore, 

insulin resistance demonstrated a positive correlation with age in Western populations, whereas a 

negative correlation was observed within the CNDMDS registry (156). 

Since East Asians, including the Japanese population, develop diabetes mellitus at a relatively 

lower degree of obesity and insulin resistance compared to Caucasians, it is hypothesized that 

impaired insulin secretion is the primary driver in the initial stages of diabetes within this 

population (157). In an analogous manner, Tanabe et al. performed cluster analysis on their 

patient cohort in Japan, revealing the following distribution:Cluster 1 (SAID) – 5.4%, Cluster 2 

(SIDD) – 19.0%, Cluster 3 (SIRD) – 7.2%, Cluster 4 (MOD) – 28.9%,Cluster 5 (MARD) – 

39.5%.The reproducibility across distinct ethnic populations indicates that this stratification 

method is highly applicable to Japanese cohorts, mirroring its utility in Caucasians. Nevertheless, 

critical disparities remain. East Asians, including the Japanese, are reported to possess a lower 

insulin secretory capacity and lower baseline insulin resistance compared to Caucasians. This 
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physiological variance may, at least partially, account for the discrepant prevalence of the SAID, 

SIDD, and SIRD subgroups between Japanese and Caucasian cohorts. Secondly, both HOMA2-

IR values and the age at diagnosis within the SIRD subgroup were significantly lower than those 

observed in the Caucasian population. When focusing specifically on Asian patients (particularly 

from China) versus European cohorts, an identical trend was documented for the SIRD cluster, 

with the Chinese cohort presenting with lower HOMA2-IR scores and a younger age at onset. 

Taken together, these findings suggest that East Asians, characterized by a diminished 

endogenous insulin secretory capacity, are unable to compensate for the escalating insulin 

demands associated with advancing age, thereby developing diabetes mellitus at a substantially 

earlier stage of life (158). 

Patients with SAID and SIDD exhibit significantly higher glycated hemoglobin levels compared 

to other diabetes subtypes, serving as a robust predictor of diabetic ketoacidosis (DKA) at the 

time of diagnosis. In an analogous manner, our study cohort demonstrated that severely impaired 

glycemic control predominantly prevailed in patients with T1DM, accounting for 38.5%. 

Furthermore, according to Janghorbani et al., these individuals carry an observed higher fracture 

risk (52), yet manifest fewer cardiovascular complications due to a lower prevalence of 

dyslipidemia and obesity. Our empirical findings substantiate this hypothesis; regarding the 

specific diagnosis, manifest hypertriglyceridemia was predominantly observed in patients with 

T2DM alone and T2DM within the metabolic syndrome framework (56.2% and 50.7%, 

respectively), contrasted with the T1DM cohort, where 71.8% of individuals presented with 

serum triglyceride levels within the reference range.Similar trends were noted regarding LDL-C 

levels. Notably, a statistically significant correlation was identified between HDL-C and the 

clinical diagnosis; the highest concentrations of "good" cholesterol were recorded in the T1DM 

group (28.2%), whereas 44.3% of patients with T2DM and 43.8% of those with T2DM 

combined with MetS presented with subnormal HDL-C levels.In established cases of severe 

insulin-deficient diabetes, diabetic retinopathy represents the most frequently observed 

complication, with 23% of individuals showing signs of mild retinopathy even when screened 

shortly after diagnosis (46). In the German Diabetes Study (GDS), these patients also 

demonstrated a higher incidence of diabetic sensorimotor polyneuropathy and cardiovascular 

autonomic neuropathy. Throughout the 5-year follow-up period, no recovery in the function of 

the respective nerves was observed despite the restoration of glucose homeostasis (53). When 

addressing complications linked to insulin-deficient states, the risk of microvascular 

complications closely correlates with the presence of residual C-peptide, as demonstrated by a 

large-scale Finnish population study (54). Microvascular complications—specifically diabetic 

retinopathy, nephropathy, and their concurrent manifestation—were also evaluated within our 

study population. The simultaneous presence of both diabetic retinopathy and nephropathy was 

found to prevail in the T1DM group (15.4%), demonstrating a statistically significant difference 

compared to the cohort with T2DM within the metabolic syndrome (3.8%). This specific 

combination was identified in the highest percentage (9.3%) among participants in the youngest 

age bracket (18–65 years). Diabetic retinopathy, a primary etiology of visual impairment and 

blindness, was detected with the highest frequency (9.8%) in diabetic patients aged over 75 

years. Within the current sample, its prevalence peaked in the T2DM group at 7.9%; when 

combined with the T2DM plus MetS population (2.9%), nearly 11% of the investigated T2DM 

subjects presented with retinopathy, compared to 5.1% of those in the T1DM cohort. 

According to the novel cluster-based diabetes classification, individuals with Severe Insulin-

Resistant Diabetes (SIRD) exhibit the lowest measured glomerular filtration rates (GFR) at the 
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time of diagnosis, with chronic kidney disease (CKD) and macroalbuminuria emerging as the 

predominant complications, showing a distinct propensity for progression toward end-stage renal 

disease (ESRD) (46). Insulin resistance accelerates the progression of chronic kidney disease 

(CKD) through several distinct mechanisms, including fluid and electrolyte retention, glomerular 

hypertension, hyperfiltration, and hyperuricemia. In alignment with our data, patients in the 

oldest age group (over 75 years) were the most heavily affected by diabetic nephropathy 

(39.0%), followed by the 65–75 age cohort (25.6%). These data demonstrate a statistically 

significant difference when contrasted with the younger age category of 18–65 years. 

5.5.3. Conclusions 

The outcomes of the applied cluster-based classification system within the investigated cohort 

reveal a pronounced heterogeneity in the clinical presentation of diabetes mellitus. A total of 

25.5% of the individuals were stratified into clusters characterized by insulin deficiency: Cluster 

1 (7.7%), which encompasses the classical autoimmune phenotype, and Cluster 2 (17.8%), 

comprising patients with identical clinical parameters coupled with early initiation of insulin 

therapy and a disease duration of less than 15 years, irrespective of their antibody status. Severe 

insulin resistance, functioning as the primary pathophysiological mechanism, defines Cluster 3, 

which accounted for 15.7% of the subjects. The largest relative proportions were occupied by 

patients presenting with milder metabolic phenotypes, differentiated into Cluster 4 (26.2%), 

which is obesity-related, and Cluster 5 (32.6%), which is age-related. Collectively, these data 

confirm the predominance of metabolically more stable phenotypes within the investigated 

hospitalized population, while simultaneously highlighting a significant presence of high-risk 

subgroups characterized by marked insulin deficiency or severe insulin resistance. 

6. SUMMARY 

According to the latest consensus recommendations issued by the ADA and EASD for the 

management of hyperglycemia in patients with diabetes mellitus, the therapeutic approach is 

anchored in a person-centered decision-making cycle aimed at optimizing glycemic control. A 

pivotal component of this cycle involves the comprehensive assessment of key patient 

characteristics, including micro- and macrovascular complications, comorbidities, and critical 

clinical aspects such as age, body weight, and glycated hemoglobin ($\text{HbA1c}$) levels 

(22). Special emphasis has been dedicated to management strategies in advanced and older age, 

as well as in the inpatient setting. In Bulgaria, there is a notable paucity of comprehensive, 

contemporary studies aimed at evaluating and adapting diagnostic and therapeutic algorithms for 

socially significant endocrine disorders in advanced and older age in general, and specifically 

regarding diabetes mellitus. Furthermore, the precise impact of aging on the clinical course of 

diabetes, its associated comorbidities, and the distinct phenotypic characteristics of hospitalized 

geriatric patients remains unexplored. To date, no comparative investigations have been 

conducted to evaluate the clinical trajectory and phenotypes of type 2 diabetes mellitus (T2DM) 

presenting as an isolated entity versus its manifestation within the framework of metabolic 

syndrome (MetS) as one of its core components. Consequently, we believe that our study and the 

pioneering baseline data obtained herein will provide healthcare professionals with deeper, more 

nuanced insights into the specific clinical characteristics inherent to the Bulgarian population of 

hospitalized patients diagnosed with diabetes mellitus. 
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5.5.3. Conclusions 

1. A definitive correlation was established between patient age and the type of DM, both at 

the time of clinical onset and throughout the course of the disease within the studied 

Bulgarian hospitalized population. Specifically, the earliest clinical manifestation and 

highest prevalence of T1DM were documented in patients under 65 years of age. 

Conversely, isolated T2DM predominantly prevailed in patients over 75 years of age, 

whereas the highest frequency of T2DM presenting within the framework of metabolic 

syndrome was observed in the 65–75 age cohort. 

2. Glycemic control demonstrated a significant association with both age and diabetes 

subtype. Optimal to satisfactory glycemic control predominated among patients with 

T2DM within the MS framework in the 65–75 age interval. In contrast, compromised 

control was observed in T2DM patients over 75 years of age, and severely impaired 

control was found in T1DM patients aged 18–65 years. Furthermore, poorly controlled 

T2DM was positively associated with diminished psychological resilience and elevated 

levels of perceived stress and anger. These findings suggest that psychological 

assessment tools for stress and emotional regulation may serve as early clinico-

psychological markers for diabetes decompensation. 

3. Atherogenic dyslipidemia was found to predominate in the youngest age group (18–65 

years) and was significantly more prevalent among patients with isolated T2DM and 

T2DM within the MS framework. In patients over 75 years of age, total cholesterol levels 

below the lower limit of normal were more frequently observed. Crucially, this study 

highlights substantial unmet needs regarding lipid-lowering therapy: 68.53% of the 

hospitalized cohort were not receiving the required treatment, and among those 

undergoing therapy, statin monotherapy was the predominant modality (accounting for 

60.0% of treated patients). 

4. The concurrent manifestation of diabetic retinopathy and nephropathy is highly 

characteristic of younger patients with T1DM. Conversely, in patients with T2DM aged 

over 75 years, these chronic microvascular complications predominantly present as 

isolated clinical entities. 

5. Advanced age significantly influences the onset of diabetic macroangiopathy and 

associated comorbidities. Increasing age correlates positively with a higher prevalence of 

cardiovascular diseases (including arterial hypertension, ischemic heart disease, rhythm 

and conduction disorders, myocardial infarction, and prior coronary stenting), 

cerebrovascular disease, history of stroke, CKD, anemia, COPD, and osteoarthritis. 

6. A higher incidence of anemia and compromised indicators of renal impairment and 

urinary tract infections (specifically proteinuria and bacteriuria) was observed in the older 

age cohorts, primarily among those with T2DM. This was further characterized by a 

higher isolation rate of specific uropathogens, such as Escherichia coli and Klebsiella 

species. Notably, patients with T2DM over 75 years of age represent the highest-risk 

subgroup for the development and progression of renal dysfunction. 

7. MAFLD was the sole comorbidity demonstrating a significantly higher prevalence in 

patients under 65 years of age. Regarding markers of hepatic impairment, serum 

transaminases were more frequently elevated within the 18–65 age interval and in 

patients presenting with T2DM within the framework of fully manifested metabolic 



 

~ 53 ~ 
 

syndrome. Conversely, elevated alkaline phosphatase levels were more commonly 

detected in patients over 75 years of age and in those diagnosed with T1DM. 

8. Autoimmune thyroid disorders within the analyzed inpatient sample were most prevalent 

among patients aged 65–75 years and in those diagnosed with T2DM, whereas the 

incidence of hypothyroidism peaked in the cohort aged over 75 years. 

9. Patients with diabetes mellitus exhibit an increased susceptibility to onychomycosis, with 

the risk escalating in tandem with disease duration. The etiology of these mycotic 

infections does not deviate from that observed in the non-diabetic population. 

10. Electrolyte imbalances, the evaluation and management of which are of critical clinical 

significance, were characterized by a predominance of hypochloremia in patients under 

65 years of age and hyperchloremia in those over 75 years within this hospitalized cohort. 

Regarding potassium homeostasis, hypokalemia was more frequently detected than 

hyperkalemia. Furthermore, an association was established between the diabetes subtype 

and serum sodium and calcium levels, revealing the highest incidence of hyponatremia in 

the T1DM group and hypocalcemia in the T2DM group. 

11. Sex-specific correlations were identified regarding the primary diabetes subtypes and 

their respective clinical trajectories. T2DM within the MetS framework was more 

frequently observed in men, whereas a higher relative frequency of isolated T2DM and 

T1DM was documented in women. Female patients demonstrated a significantly higher 

prevalence of autoimmune thyroid diseases and osteoarthritis, whereas multivessel 

coronary artery disease predominated in males. Additionally, women were more heavily 

affected by diabetic retinopathy, while men presented with a higher rate of diabetic 

nephropathy as well as the concurrent manifestation of both diabetic nephropathy and 

retinopathy. 

12. Metformin was the most widely utilized oral antihyperglycemic agent among the 

investigated study population. Among patients undergoing insulin therapy, the 

administration of long-acting insulin analogs represented the most prevalent therapeutic 

modality. 

13. The outcomes of the applied cluster-based classification system within the investigated 

cohort reveal a pronounced clinical heterogeneity that aligns with patterns reported in 

major European studies. The largest relative proportions were occupied by patients 

stratified into Cluster 5 (age-related; 32.6%) and Cluster 4 (obesity-related; 26.2%). A 

total of 25.5% of the participants were clustered into the insulin-deficient categories, 

specifically Cluster 1 (7.7%), which encompasses the classical autoimmune phenotype, 

and Cluster 2 (17.8%), which includes patients characterized by the early initiation of 

insulin therapy. Severe insulin resistance (Cluster 3) accounted for 15.7% of the 

evaluated individuals. 

Study Limitations 

1. The retrospective design of the study, which relied on the analysis of electronic health 

records and medical documentation that may inherently subject the data to 

inconsistencies, coding inaccuracies, or missing information. 

2. A selection bias toward a higher prevalence of comorbidities, which is logical for an 

inpatient cohort compared to patients managed in ambulatory or outpatient settings; 
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consequently, this limits the generalizability of our findings to the broader, non-

hospitalized population of individuals with diabetes mellitus. 

3. The requirement for a larger sample size of hospitalized geriatric patients with diabetes 

mellitus to establish a cohort that is truly representative on a national scale. 

4. Data missingness regarding anti-GAD65 antibody status during the stratification of 

patients into Cluster 2; due to the lack of documented antibody negativity for all subjects, 

a diabetes duration of less than 15 years combined with active insulin therapy was 

utilized as a surrogate inclusion criterion for certain individuals. 

7. Contributions of the Dissertation 

Original Contributions 

1. For the first time in a large-scale Bulgarian population of hospitalized patients with DM, 

the role of age in the characterization and progression of the primary diabetes subtypes 

(T1DM, isolated T2DM, and T2DM within the metabolic syndrome framework) was 

comprehensively investigated through the analysis of clinico-chemical, hormonal, and 

metabolic parameters, alongside comorbidities and chronic complications. 

2. A comprehensive evaluation of electrolyte imbalances was performed across a large 

cohort of hospitalized patients stratified by primary diabetes subtypes and distinct age 

groups. 

3. A pioneering attempt was made within the country to stratify patients with diabetes 

mellitus into novel clusters based on key pathophysiological and clinical parameters, 

including age, BMI, HbA1c, anti-GAD65 antibody status, and estimated insulin 

resistance. 

4. The differentiation of clinical phenotypes, complications, and comorbidities between 

patients presenting with isolated T2DM versus those manifesting T2DM within the 

framework of metabolic syndrome represents a pioneering scientific effort. 

5. Our findings reveal an atypical epidemiological pattern characterized by a higher 

prevalence of autoimmune thyroid disorders in T2DM patients within the 65–75 age 

interval, rather than the anticipated stronger association with T1DM typically seen in the 

general population. 

6. A specific deviation from the classical clinical profile of fatty liver disease was identified, 

with MAFLD predominantly prevailing among patients under 65 years of age diagnosed 

with T1DM within this investigated cohort. 

Confirmatory Contributions 

1. The demographic and nosological profile of the investigated inpatient cohort, regarding 

age and sex distribution, corroborates well-established epidemiological trends observed 

in the general population. 

2. The established correlation between patient age and the time of clinical onset, as well as 

the overall prevalence of the primary diabetes subtypes, was successfully confirmed. 

3. The escalating prevalence of cardiovascular diseases, cerebrovascular disease, and CKD 

with advancing age in patients with diabetes mellitus was confirmed as a direct 

consequence of progressive micro- and macroangiopathy. 



 

~ 55 ~ 
 

4. Sex-specific disparities in the clinical characteristics of the primary diabetes subtypes 

were confirmed, reinforcing classical epidemiological models that link the female sex 

with a higher incidence of autoimmune thyroid pathology and osteoarthritis, and the male 

sex with a predominance of severe multivessel coronary artery disease. 
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