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1. Introduction 
Cardiovascular disease (CVD) continues to be the world's leading cause of morbidity 

and mortality [1], while type 2 diabetes mellitus (T2DM) is one of the most prevalent non-

communicable disease, and its prevalence is predicted to rise [2]. According to the Global 

Burden of Disease Study 2019, CVD remain the leading cause of death worldwide, accounting 

for approximately 17.9 million deaths annually, while the global prevalence of T2DM has risen 

drastically, contributing to over 1.5 million deaths and substantial disability-adjusted life years 

(DALYs) in 2019. These estimates enable consistent comparisons across regions and causes 

and underscore the growing burden of T2DM and CVD both globally and in Central and 

Eastern Europe, including Hungary [3]. 

These illnesses frequently co-occur in the same person due to their comparable etiology, 

pathophysiology, and risk factors. Micro and macrovascular complications of T2DM lead to 

atherosclerotic cardiovascular diseases (ASCVD), including cerebral stroke, acute myocardial 

infarction, and coronary heart disease [4]. These CVDs are the leading cause of death in people 

with DM [5]. In addition to worsening clinical outcomes, the co-occurrence of T2DM and CVD 

highlights the urgent need for targeted studies to identify patterns, risk factors, and potential 

mitigators of CVD among populations with T2DM. The intersection of these two health issues 

necessitates immediate attention, as the prevalence of T2DM is continuously rising globally. 

Insulin resistance (IR) and increasing β-cell dysfunction are hallmarks of T2DM, a 

chronic metabolic disease that results in persistent hyperglycemia. Crucial to the 

pathophysiology of CVD, this hyperglycemic environment accelerates atherosclerosis, 

encourages endothelial dysfunction, and stimulates pro-inflammatory states. This risk is further 

increased by a grouping of cardiovascular risk factors, which are frequently seen in people with 

T2DM, including obesity, dyslipidemia, and hypertension. As a result, people with T2DM have 

a far higher risk of cardiovascular events, such as myocardial infarction, stroke, and heart 

failure (HF), than people without T2DM [6]. 

As certain genetic, behavioral, and socioeconomic factors that affect the onset and 

course of both T2DM and CVD, the healthcare system in Hungary offers a unique setting for 

examining this association. Disease prevalence and outcomes may be influenced differently in 

Hungary than in other populations due to historical and current trends in dietary practices, 

physical activity, and access to healthcare. Furthermore, thorough assessments of 

epidemiological trends and clinical outcomes are made easier by Hungary's integration of 

national registries and electronic health information. 
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There is still a lack of region-specific assessments in Hungary, despite the abundance 

of worldwide data connecting T2DM with CVD. This disparity emphasizes how crucial it is to 

do local research to customize therapeutic and preventative approaches to the requirements of 

the Hungarian population. Furthermore, knowing how comorbidities, glycemic control, illness 

duration, and demographic factors affect the risk of CVD in Hungarian patients with T2DM 

might help direct individualized medical interventions and public health campaigns. 

This thesis aims to assess the prevalence, trends, and risk factors of CVD in patients 

with T2DM in Hungary.  

This study aims to add to the expanding body of information on the bidirectional 

association between T2DM and CVD by conducting a thorough examination of clinical and 

epidemiological data. These findings may support the development of targeted interventions 

such as routine cardiovascular risk stratification using laboratory markers, earlier screening in 

high-risk subgroups, and tailored treatment approaches that include the timely initiation of 

cardioprotective medications, thereby contributing to improved health outcomes in patients 

with T2DM. 
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2. Literature review 

2.1 Overview of T2DM 

The International Diabetes Federation (IDF) estimates that approximately 537 million 

individuals globally are affected by diabetes mellitus (DM), representing nearly 10% of the 

adult population. Projections indicate that this number will increase to around 643 million by 

2030 and could reach 783 million by 2045 [7]. The regional growth in diabetes prevalence is 

projected to be most pronounced in Africa, with an increase of 134%, while Europe and Central 

Asia are expected to see the smallest rise, at just 13% [8].  

Despite having the lowest diabetes prevalence, the European region still faces major 

public health challenges related to the disease. T2DM and other non-communicable diseases 

(NCDs) consume roughly 25% of the European Union's healthcare budget and are responsible 

for the highest economic burden, amounting to 2% of the region’s gross domestic product 

(GDP) [9].  

Research indicates notable changes in the incidence and prevalence of T2DM in 

Hungary over recent years. A nationwide study revealed that T2DM prevalence increased from 

6.2% in 2002 to 11.7% by 2012 [10]. The most significant rise in T2DM prevalence was 

observed among individuals aged 55–64. Conversely, a national cohort study reported a decline 

in the incidence of drug-treated T2DM, falling from 931.6 to 350.7 cases per 100,000 adults 

between 2001 and 2016. Despite this downward trend in incidence, the overall prevalence 

continued to rise until 2011, after which it stabilized and showed a slight decrease [11]. 

Key factors contributing to the onset of T2DM include poor sleep quality and duration, 

tobacco use, abnormal lipid levels, high blood pressure, genetic predisposition, ethnic 

background, excess body weight, and a sedentary lifestyle. [12]. Extensive scientific research 

has shown that the majority of risk factors are linked to lifestyle habits, which is why the disease 

is considered a disease of civilization [13]. In addition, T2DM and its complications are closely 

associated with socioeconomic factors, including income, place of residence, employment 

status, educational attainment, and access to health education [14].  

T2DM is marked by chronically elevated blood glucose levels, primarily caused by 

impaired insulin production and reduced insulin effectiveness, often linked to the 

aforementioned risk factors. Its multifactorial pathophysiology involves a complex interplay 

between metabolic disturbances, genetic predispositions, and environmental influences, 

ultimately leading to insulin resistance and diminished insulin secretion [15]. The development 

of T2DM is a gradual process that unfolds through several stages of metabolic imbalance. In 
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its early phase, the hallmark feature is insulin resistance—where key tissues such as muscle, 

liver, and adipose tissue become less responsive to insulin, necessitating higher levels for 

effective glucose regulation. In muscle tissue, this resistance hinders GLUT4-mediated glucose 

uptake, leading to increased blood sugar levels. In the liver, insulin’s inability to suppress 

gluconeogenesis results in excessive glucose production. Meanwhile, in adipose tissue, 

weakened inhibition of lipolysis causes a rise in circulating free fatty acids, which further 

impair insulin signaling pathways [16]. Over time, the pancreatic beta cells located in the islets 

of Langerhans lose their ability to produce sufficient insulin to counteract insulin resistance. 

This decline in function is driven by several factors, including genetic predispositions—such 

as variations in genes like TCF7L2, KCNJ11, and PPARG, which negatively affect insulin 

secretion. Additional contributors include glucotoxicity, where prolonged high blood glucose 

levels lead to oxidative stress and damage beta-cell function; lipotoxicity, resulting from excess 

free fatty acid accumulation in beta cells; incretin hormone deficiency or resistance; and the 

deposition of islet amyloid, all of which impair insulin production [17].  

As insulin resistance intensifies and beta-cell function deteriorates, blood glucose levels 

progressively increase. This leads to postprandial hyperglycemia—sustained elevations in 

blood sugar following meals—and fasting hyperglycemia, where the liver continues to generate 

glucose through gluconeogenesis despite the presence of elevated insulin levels [18]. Under 

physiological conditions, insulin inhibits glucagon release from pancreatic alpha cells. In 

T2DM, however, this regulatory mechanism is impaired, leading to increased hepatic glucose 

production [19]. Additionally, adipokines—hormones secreted by fat tissue—are dysregulated. 

In obesity and T2DM, leptin’s role in controlling appetite and energy balance is diminished 

due to leptin resistance. Adiponectin, which enhances insulin sensitivity, is typically found at 

lower levels in individuals with T2DM [20]. Conversely, resistin may contribute to both insulin 

resistance and chronic inflammation [21]. 

Chronic low-grade inflammation plays a key role in the development of T2DM. This 

inflammatory state is often triggered in the presence of obesity and insulin resistance. In such 

conditions, immune cells—particularly macrophages—are recruited to adipose tissue, where 

they release pro-inflammatory cytokines like tumor necrosis factor-alpha (TNF-α), interleukin-

6 (IL-6), and monocyte chemoattractant protein-1 (MCP-1), further contributing to metabolic 

dysfunction [22].  

Recent studies have increasingly highlighted the role of gut microbiota in the 

development of T2DM and insulin resistance. Disruptions in the gut microbial balance—
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known as dysbiosis—can lead to increased intestinal permeability and systemic inflammation, 

both of which are key contributors to insulin resistance [23]. 

The global rise in T2DM prevalence highlights the urgent need for comprehensive 

public health strategies, particularly in regions experiencing rapid increases in cases. Although 

our understanding of the disease’s complex pathogenesis—from insulin resistance to the role 

of gut microbiota—continues to grow, prevention and management remain challenging [24]. 

Given the strong link between lifestyle factors and T2DM, targeting modifiable risks such as 

obesity, unhealthy diets, and physical inactivity is crucial for slowing disease progression [25]. 

The escalating healthcare costs and serious health consequences associated with T2DM further 

reinforce the importance of early intervention, individualized treatment approaches, and 

sustained lifestyle changes [26]. 

It is worth mentioning that DM is a group of metabolic disorders characterized by 

chronic hyperglycemia due to defects in insulin secretion, insulin action, or both. The main 

types include type 1 diabetes (T1DM), which results from autoimmune destruction of 

pancreatic β-cells; gestational diabetes, which develops during pregnancy; and monogenic 

forms such as maturity-onset diabetes of the young (MODY), caused by single-gene mutations 

in addition to T2DM, which is the focus of this thesis. According to the International Diabetes 

Federation, approximately 90% of all DM cases globally are T2DM [27].  

2.2 CVD among patients with T2DM 

Persistently elevated blood glucose levels in T2DM can lead to both macrovascular and 

microvascular complications, resulting in damage to highly vascularized organs such as the 

heart, kidneys, eyes, and peripheral nerves [28]. Of all the complications, CVD poses the 

greatest risk to individuals with DM. People with DM are two to four times more likely to 

develop CVD compared to those without the condition [6].  Furthermore, the chronic 

hyperglycemia in T2DM accelerates the progression of atherosclerosis, which narrows and 

hardens arteries, increasing the risk of severe cardiovascular events [29]. This heightened 

susceptibility underscores the critical need for early intervention and management of blood 

glucose levels to mitigate long-term complications. 

According to a global review on the prevalence of CVD among individuals with T2DM, 

more than half of these patients are affected by conditions such as acute myocardial infarction 

(AMI), stroke, and HF, with one in three deaths attributed to these complications. Specifically, 

the review reported that, during the period from 2007 to 2017, 29% of individuals with DM 

had atherosclerosis, 21% had coronary artery disease (CAD), 15% suffered from heart HF, 14% 
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experienced angina, 18% had a history of AMI, and 7% had experienced a stroke [5].  These 

statistics highlight the significant overlap between T2DM and CVD, with many patients 

experiencing multiple cardiovascular complications simultaneously. The high mortality rates 

associated with these conditions emphasize the importance of targeted therapies and lifestyle 

interventions to reduce the burden of CVD in this population. 

Moreover, the substantial burden of CVD in individuals with T2DM has notable 

economic implications. For example, a study conducted in Spain revealed that hospital-related 

healthcare costs for CVD were at least 50% higher in patients with T2DM compared to those 

without the condition. This economic burden extends beyond hospital care, encompassing costs 

related to outpatient visits, medications, and long-term rehabilitation for cardiovascular events 

[30]. The issue regarding the increased healthcare expenditure places a strain on both patients 

and healthcare systems, particularly in regions with high T2DM prevalence, necessitating cost-

effective prevention strategies and improved access to affordable treatments. 

While there is emerging evidence that advancements in DM care have led to a decline 

in CVD prevalence among individuals with T2DM, both conditions remain major global health 

and public health challenges [31]. Advances in glycemic control, including novel anti-diabetic 

medications, lipid management, and antihypertensive therapies, have contributed to this 

decline, yet the overall burden remains substantial due to the rising incidence of T2DM 

worldwide. To further lower the incidence and burden of CVD in individuals with T2DM, 

public health strategies must prioritize early detection, patient education, and equitable access 

to healthcare services. Moreover, addressing social determinants of health, such as poverty and 

limited healthcare access, is critical to achieving sustainable improvements in outcomes for 

this vulnerable population [32]. 

2.3 Pathophysiological and clinical connections between T2DM and CVD 

In individuals with T2DM, cardiovascular risk factors can be grouped into traditional 

and non-traditional categories, similar to those associated with atherosclerotic cardiovascular 

disease (ASCVD). Traditional risk factors include dyslipidemia, hypertension, obesity, 

smoking, and physical inactivity. Non-traditional risk factors, which are often linked to the 

metabolic disturbances of T2DM, encompass hyperinsulinemia, postprandial hyperglycemia, 

glucose fluctuations, microalbuminuria, hematologic and thrombogenic abnormalities, chronic 

inflammation, elevated homocysteine levels, vitamin imbalances, erectile dysfunction, as well 

as genetic and epigenetic influences [33].  
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Metabolic syndrome (MetS) is a cluster of interrelated cardiometabolic risk factors—

including central obesity, insulin resistance, dyslipidemia, and hypertension—that increase the 

risk for both DM and CVD [34]. The pathophysiological overlap among these conditions 

contributes to their frequent co-occurrence, and MetS is recognized as a common underlying 

mechanism linking T2DM and CVD [35]. Several components of MetS, such as abdominal 

adiposity and elevated fasting glucose, directly drive insulin resistance and vascular 

inflammation, which in turn accelerate atherosclerotic processes [36].  

In addition to MetS, lifestyle risk factors such as poor diet, physical inactivity, smoking, 

and alcohol use not only contribute to the development of MetS but also accelerate the 

progression of both DM and CVD. These shared factors promote atherosclerosis, which serves 

as the primary link between the two conditions. Due to the complexity and interdependence of 

these mechanisms, some researchers describe the relationship between diabetes and ASCVD 

as a "perfect storm". Key contributors to ASCVD in individuals with DM include chronic 

inflammation, oxidative stress, endothelial dysfunction, a pro-thrombotic state, persistent 

hyperglycemia, insulin resistance, dyslipidemia, and vascular calcification [37]. Due to the 

factors mentioned above, individuals with T2DM have a greater likelihood of developing 

arterial plaques. These plaques tend to be larger compared to those in non-diabetic individuals, 

leading to significant narrowing and distortion of the coronary and cerebral arteries. This 

phenomenon can be understood through the following pathophysiological mechanisms.  

Hyperglycemia is a key contributor to CVD in individuals with T2DM. Research 

indicates that lowering HbA1c levels by just 1% can lead to a 21% reduction in cardiovascular 

risk [38].  Furthermore, individuals with fasting blood glucose levels below 3.90 mmol/L had 

an 11% lower risk of developing coronary artery disease (CAD) compared to those with levels 

between 5.60–6.09 mmol/L, and a 17% lower risk compared to those with levels ranging from 

6.10–6.99 mmol/L [39].  Hyperglycemia, whether observed in vitro or in vivo and even without 

the presence of dyslipidemia, contributes to endothelial dysfunction and exacerbates the 

severity, complexity, and overall burden of atherosclerotic plaque formation [40]. The 

coexistence of hyperglycemia and dyslipidemia accelerates atherosclerotic plaque formation, 

resulting in more complex arterial lesions, hemorrhagic damage to blood vessels, and vascular 

wall calcification [41]. Both chronic and acute hyperglycemia contribute to endothelial 

dysfunction by decreasing nitric oxide bioavailability and promoting increased leukocyte 

adhesion to the endothelium [42]. 

Insulin resistance plays a central role in the development of hypertension, dyslipidemia, 

and impaired glucose metabolism. Disruptions in insulin signaling within macrophages, 
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vascular smooth muscle cells (VSMCs), and endothelial cells contribute directly to the onset 

of ASCVD [43]. T2DM is characterized by a distinct impairment in insulin signaling via the 

phosphoinositide 3-kinase/protein kinase B (PI3K/Akt) pathway, which plays a critical role in 

mediating insulin's metabolic effects on glucose regulation. As a result of this dysfunction, 

compensatory hyperinsulinemia leads to the overactivation of the extracellular signal-regulated 

kinase/mitogen-activated protein kinase (ERK/MAPK) pathway, thereby promoting the 

progression of atherosclerosis [44]. 

Dyslipidemia is commonly observed in individuals with T2DM, referred to as diabetic 

dyslipidemia. This diabetic lipid profile is typically characterized by elevated levels of 

triglycerides (TG), low-density lipoprotein (LDL), and apolipoprotein B (Apo B), along with 

decreased concentrations of high-density lipoprotein (HDL). A contributing factor to this 

atherogenic profile is the presence of smaller, denser LDL particles, along with elevated VLDL 

levels — both of which are associated with an increased risk of atherosclerosis through 

different mechanisms [45]. Insulin is essential in regulating VLDL metabolism by inhibiting 

lipolysis, controlling circulating free fatty acids, and facilitating triglyceride transfer to 

apolipoprotein B (Apo B). In the presence of insulin resistance, these processes become 

dysregulated, leading to the characteristic dyslipidemia seen in T2DM [46]. As a result, 

elevated lipid levels within atherosclerotic plaques drive the recruitment of monocytes and 

other immune and inflammatory cells into the vascular wall. Once inside, monocytes 

differentiate into macrophages or dendritic cells, expressing scavenger receptors that mediate 

the uptake of both native and oxidized LDL, ultimately forming foam cells. These foam cells, 

together with other inflammatory cells, release chemokines and cytokines, creating a self-

perpetuating cycle of inflammation that accelerates the development and progression of 

atherosclerotic plaque [47]. 

In T2DM, the overproduction of reactive oxygen species (ROS) and reactive nitrogen 

species (RNS)—originating from mitochondrial electron transport and enzymes such as 

xanthine oxidase, lipoxygenase, myeloperoxidase, and nitric oxide synthase, leads to oxidative 

stress that surpasses the body’s antioxidant defenses. This oxidative stress contributes to 

endothelial dysfunction by decreasing nitric oxide availability, enhancing LDL oxidation, 

encouraging foam cell formation, and triggering pro-inflammatory pathways that recruit 

immune cells to the vascular wall. Collectively, these processes fuel a cycle of inflammation, 

vascular injury, and plaque development, thereby driving ASCVD progression in individuals 

with T2DM [48]. Recent research has highlighted the critical role of oxidative stress in the 

development of cardiovascular complications associated with DM. Notably, the study showed 



 14 

that glucose-lowering therapies—such as metformin, GLP-1 receptor agonists, and SGLT-1 

inhibitors, exert antioxidant effects in individuals with T2DM, which may contribute to their 

protective benefits against CVD [49]. 

Endothelial dysfunction is a major contributor to the progression of ASCVD in 

individuals with T2DM. High blood glucose levels and insulin resistance compromise 

endothelial cell function, leading to diminished production of nitric oxide, a crucial mediator 

of vascular relaxation. This reduction in nitric oxide promotes vasoconstriction, which 

contributes to elevated blood pressure and impaired blood flow [50]. Injured endothelial cells 

upregulate adhesion molecules, which facilitate the recruitment of monocytes and other 

immune cells to the vessel wall. As previously described, these immune cells infiltrate the 

endothelium and engulf oxidized LDL, forming foam cells that contribute to atherosclerotic 

plaque development. The accumulation of plaques narrows the arterial lumen, further impairing 

blood flow and perpetuating a cycle of inflammation and vascular damage, thereby accelerating 

the progression of ASCVD in patients with T2DM [51]. 

In addition, hypercoagulability plays a crucial role in advancing ASCVD in individuals 

with T2DM. Both hyperglycemia and insulin resistance disturb the delicate equilibrium 

between coagulation and fibrinolysis, resulting in increased thrombus formation and impaired 

clot dissolution. This prothrombotic state is driven by elevated levels of coagulation factors 

such as fibrinogen, increased levels of fibrinolysis inhibitors like plasminogen activator 

inhibitor-1 (PAI-1) and decreased anticoagulant activity. The formation of clots, particularly 

when they adhere to existing atherosclerotic plaques, can further narrow blood vessels and 

heighten the risk of arterial occlusion, thereby accelerating ASCVD progression in T2DM 

patients [52].  

Vascular calcification is another key factor in the progression of ASCVD among 

individuals with T2DM. Chronic inflammation and sustained hyperglycemia promote the 

deposition of calcium within arterial walls, triggering phenotypic changes in vascular smooth 

muscle cells that resemble bone-forming processes. This leads to the stiffening of otherwise 

flexible vascular tissues, reducing their ability to accommodate changes in blood flow, which 

contributes to elevated blood pressure and vascular injury. Moreover, calcified plaques are 

more unstable and prone to rupture, increasing the risk of thrombosis and arterial blockages. 

Collectively, these changes heighten the risk of atherosclerotic complications in T2DM patients 

[53]. 
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2.4 The critical role of early risk assessment and intervention in preventing CVD in T2DM 

While atherosclerosis and its associated biological mechanisms are the primary 

contributors to CVD in individuals with T2DM, broader social and economic factors also play 

a significant role. Studies have shown that socioeconomic inequalities influence health 

behaviors, access to medical care, and the effective management of T2DM, thereby increasing 

cardiovascular risk. For example, individuals from lower socioeconomic groups are more likely 

to adopt unhealthy lifestyles such as smoking and physical inactivity, which are well-

established risk factors for both T2DM and CVD [14, 54]. Additionally, individuals with lower 

socioeconomic status often face limited access to preventive healthcare services, leading to 

delayed diagnosis and suboptimal management of diabetes and its complications, thereby 

further elevating the risk of CVD [55, 56]. This highlights the importance of adopting a more 

comprehensive approach to the prevention, early detection, and management of CVD, the 

primary cause of mortality in individuals with T2DM. 

The success of therapeutic strategies that target the underlying pathogenic mechanisms 

of T2DM provides strong validation for these approaches. For instance, interventions aimed at 

controlling hyperglycemia and improving insulin sensitivity such as sodium-glucose 

cotransporter-2 (SGLT-2) inhibitors, glucagon-like peptide-1 (GLP-1) receptor agonists, and 

other glucose-lowering agents have demonstrated significant cardiovascular benefits [57].  

SGLT-2 inhibitors, such as empagliflozin, dapagliflozin, and canagliflozin, reduce glucose 

reabsorption in the renal proximal tubules, leading to glycosuria and modest weight loss. 

SGLT2 inhibitor, was shown in the large clinical trial to reduce the risk of cardiovascular death 

(38% relative reduction), hospitalization for HF (35%), and all‑cause mortality (32%) in 

patients with T2DM and established CVD [58]. It also lowered cardiovascular mortality and 

hospitalization for HF independently of baseline CV risk [59]. GLP-1 RAs, including 

liraglutide, semaglutide, and dulaglutide, enhance insulin secretion, suppress glucagon release, 

and slow gastric emptying. These agents have also shown cardioprotective benefits in trial, 

particularly in reducing major adverse cardiovascular events in high-risk patients with T2DM 

[60]. Similarly, effective management of dyslipidemia in patients with T2DM has been shown 

to substantially reduce the risk of CVD [61]. 

Consequently, early assessment of cardiovascular risk in individuals with DM, along 

with timely and appropriate management, is essential for enhancing quality of life and reducing 

mortality. Detecting complications such as CVD at an early stage and intervening accordingly 

not only improves patient outcomes but also helps alleviate the financial strain on healthcare 

systems. Cardiovascular risk in patients with DM is commonly evaluated using predictive 
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models and by assessing individual risk factors. Widely used tools include the SCORE chart 

[62], the Framingham Risk Score [63], and the QRISK3 algorithm [64], which take into 

account variables such as age, gender, duration of diabetes, and the type of glucose-lowering 

therapy. Important risk factors considered in these assessments include hypertension, high 

cholesterol, tobacco use, obesity, and glycemic control. Regular monitoring of these 

parameters, combined with lifestyle interventions and appropriate pharmacological treatment, 

is essential for minimizing cardiovascular risk in individuals with T2DM [65]. 

2.5 CVD burden in patients with and without T2DM in Hungary 

Overall, CVD incidence and related mortality have been decreasing in Hungary in 

recent years. However, rates remain 1.5 times higher than the average in other EU countries. 

Hungary also ranks last among EU countries in years of potential life lost among individuals 

aged 65 and under, primarily due to non-communicable diseases, including CVD [66].  

The elevated CVD burden in Hungary is driven by a combination of modifiable and 

non-modifiable risk factors, including high rates of smoking, obesity, hypertension, and 

dyslipidemia [67], alongside socioeconomic challenges such as limited access to healthcare in 

rural areas and disparities in health literacy [68]. Early research identified high blood 

cholesterol, hypertension, smoking, and obesity as prevalent risk factors, particularly among 

agricultural workers in Hungary [69]. Subsequent comparisons with German populations 

showed similar rates of hypertension and DM, but considerably higher obesity levels in 

Hungary, attributed to dietary habits rich in saturated animal fats [70]. This nutritional factor, 

along with socioeconomic conditions in post-communist societies, may explain Hungary's high 

cardiovascular mortality rates. Premature mortality from CVD in Hungary exceeds the 

European Union average, especially in the 35-44 and 45-64 age groups for both genders [71].  

These factors are compounded in patients with T2DM, who face an amplified risk of 

cardiovascular events due to the synergistic effects of metabolic dysfunction and chronic 

inflammation. 

In Hungary, the prevalence of CVD is high among individuals with T2DM. A 

nationwide study revealed that patients with T2DM face substantially higher risks of all-cause 

mortality, AMI, and stroke compared to matched non-diabetic controls, with the relative risk 

being especially pronounced in younger age groups [72]. An international research study, 

which included data from Hungary, estimated that the overall prevalence of CVD among 

individuals with T2DM is approximately 34.8% [73]. Furthermore, metabolic syndrome—an 

important underlying condition contributing to both CVD and T2DM—has been found higher 
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rate in Hungary, with age-adjusted prevalence rates of 38% in men and 30% in women [74].  

Challenges in addressing CVD in T2DM patients include inadequate early intervention, failure 

to identify established CV complications, and insufficient proactive assessment of high-risk 

individuals [75]. A nationwide survey revealed that only 61.66% of T2DM patients achieved 

target HbA1c levels, with nearly 300,000 patients having above-target values. While education 

level positively influenced process indicators, it did not affect outcome indicators such as 

HbA1c, LDL-C, and blood pressure target achievements [76]. These findings underscore the 

substantial cardiovascular risk linked to T2DM in Hungary and highlight the urgent need for 

enhanced prevention and management strategies. Key priorities include systematic risk 

assessment, early diagnosis, and the implementation of effective intervention measures. 
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3. Aims and objectives 
In this study, we aimed to examine the burden and risk factors of CVD among patients 

with T2DM in Hungary, and to explore potential clinical and pharmacological strategies for 

improving cardiovascular outcomes in this high-risk population. 

 

The objectives include:  

1. To estimate the prevalence and trends of CVD among individuals with T2DM using 

nationally representative survey data and identify key risk factors for CVD in 

individuals with T2DM. 

2. To evaluate the association between clinical laboratory parameters and CVD risk in 

patients with T2DM using hospital-based data. 

3. To evaluate the effect of sodium-glucose co-transporter 2 inhibitors (SGLT2i) on 

cardiovascular outcomes in patients with T2DM based on real-world hospital data. 

 

Study hypothesis:  

1. We hypothesized that certain demographic, socioeconomic and lifestyle factors are 

significantly associated with increased risk of CVD among individuals with T2DM in 

the Hungarian population. 

2. As a result of the interrelated pathological mechanisms between T2DM and CVD, it is 

hypothesized that CVD in patients with T2DM can be evaluated by certain clinical 

laboratory tests including lipid profiles, kidney function tests and blood sugar control 

parameters. 

3. The use of SGLT2i is associated with a lower risk of cardiovascular events in patients 

with T2DM compared to those not receiving SGLT2i therapy. 
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4. Methods 
Following the aims and objectives outlined in this thesis, three distinct studies were 

conducted. Each study utilized unique research materials and methods, which are detailed 

individually below. 

4.1 Study 1: Cardiovascular disease and risk factors in adults with diabetes mellitus in 
Hungary: A population-based study 

4.1.1 Study design 

We used pooled data derived from three waves of the European Health Interview 

Survey (EHIS). The study was conducted every 5 years among the member states of the 

European Union to evaluate the health status of the population, the risk factors affecting it, the 

quality and scope of healthcare services, and the level of people's satisfaction with them. Data 

were collected in 2009, 2014, and 2019 the survey used pre-tested and standardized 

questionnaires, and the research methodologies and data collection process were supervised by 

Eurostat. Three waves of EHIS were conducted using stratified, multistage probability 

sampling. After applying the provided sampling weights, the dataset is considered nationally 

representative of the Hungarian adult population with respect to age, sex, and geographic 

distribution. 

The Hungarian three waves of EHIS data included sample sizes of 5,051 people in 

2009, 5,826 in 2014, and 5,603 in 2019. For this study, we focused on participants with diabetes 

mellitus (DM), resulting in a final sample size of 421 in 2009, 470 in 2014, and 545 in 2019. 

The study sample consisted of people aged 18 or older and up from Hungary (see Figure 1). 

4.1.2 Variables 

To define the study's sample, the two-stage exclusion technique was used to exclude 

data from people who did not indicate a history of DM. First, individuals under the age of 18 

and those who indicated no history of DM within the previous year were eliminated. Next, 

respondents who stated that they had not received a physician's diagnosis of DM were excluded 

to improve the accuracy of prevalence estimates. The survey does not indicate the type of DM, 

hence all types of DM are considered in the study. 

The prevalence of CVD was estimated using two criteria: respondents must have had 

at least one of the CVD including AMI, stroke, or CAD in the previous year and these illnesses 

must have been identified by a physician in accordance with guidelines. 

The analysis included demographic information and lifestyle characteristics, including 

gender (self-identified), age (categorized as <65 or ≥65 years), educational attainment 
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(elementary, secondary, university), perceived income (categorized as low, lower middle, 

middle, upper middle, and high income), and body mass index (BMI) (categorized as normal 

(BMI<25), overweight (25≤BMI<30), and obese (BMI≥30). Lifestyle factors included 

smoking status (current smoker versus non-smoker, including former smokers). Depression 

was considered a comorbidity, while self-reported hypertension and high blood cholesterol 

were identified as cardiometabolic risk factors. 

 

 
Figure 1. Flowchart based on EHIS data showing the initial and final samples from 2009, 

2014, and 2019. 
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4.1.3 Statistical analysis 

Pearson's Chi-square test was performed to investigate the relationships between study 

variables. The pooled sample was subjected to multiple logistic regression analysis to 

determine the relationship between putative risk variables and CVD in patients with DM.  

Binary logistic regression was chosen as the outcome variable was binary, and variables were 

included in the model based on their statistical significance in bivariate analyses (p < 0.05) and 

clinical relevance supported by existing literature. Sampling weights were adjusted to the 

sample using Stata's 'svy' command to improve its representativeness relative to the population. 

The logistic regression results are shown as odds ratios (ORs) with 95% confidence intervals 

(CIs). All statistical analyses were carried out using the STATA IC program, version 17.0 [77]. 

4.1.4 Ethics Statement 

All human studies received ethical approval from the Ethics Committee of the 

University of Debrecen (approval number 5609-2020) and were carried out in compliance with 

relevant local laws and institutional guidelines. Written informed consent for participation was 

not required from the participants or the participants’ legal guardians/next of kin in accordance 

with the national legislation and institutional requirements. 

4.2 Study 2: Evaluation of CVD risk in patients with T2DM using clinical laboratory 
markers 

4.2.1 Study Design and Data 

This study utilized a longitudinal design based on data from the Clinical Center of the 

University Hospital of Debrecen, Hungary, covering a five-year follow-up period from 2016 

to 2020. The dataset consists of records from 5,593 individuals diagnosed with T2DM in 

accordance with clinical guidelines, including fasting plasma glucose levels, oral glucose 

tolerance test results, and HbA1c measurements as of 2016. None of the participants had a prior 

diagnosis of AMI or stroke at baseline. The dataset also contains annual demographic and 

laboratory data to track changes in clinical and health-related parameters throughout the study 

period, as well as documentation of additional diagnoses recorded between 2017 and 2020. 

The primary endpoint of the study is the incidence of AMI (I21, I22) or stroke (I61, I63, 

I64), identified by filtering the relevant International Classification of Diseases, 10th Revision 

(ICD-10) codes. Over the four years from 2017 to 2020, a total of 347 new cases of AMI and 

stroke were reported in the sample, with diagnoses confirmed according to clinical guidelines. 

Patients who were deceased or lost to follow-up were excluded from the analysis due to limited 
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data on the causes of death, which could potentially distort the interpretation of cardiovascular 

risk factors and impact the reliability of the findings. 

Finally, the dataset was reshaped into a longitudinal format for Cox proportional 

hazards regression analysis, incorporating annual laboratory test results and unique patient 

identifiers from 2016 to 2020. 

4.2.2 Variables 

In addition to the previously mentioned variables, several others were derived from the 

available data. Laboratory parameters—including total cholesterol, HDL, LDL, blood glucose, 

HbA1c, serum albumin, uric acid, creatinine, estimated glomerular filtration rate (eGFR), and 

C-reactive protein—were analyzed in comparison with reference ranges provided by the 

Clinical Center of Laboratory Medicine at the University of Debrecen [78]. Clinical thresholds 

for laboratory markers were defined according to the American Diabetes Association (ADA) 

guidelines [79]. Each parameter was categorized as elevated, decreased, or within the normal 

reference range based on these international standards.. If a laboratory test was performed more 

than once in a given year, the median value was used. The TyG index was computed using the 

formula Ln [fasting triglycerides (mg/dL) × fasting plasma glucose (mg/dL)/2] [80]. As 

triglyceride and fasting plasma glucose provided in mmol/L in the data, following formula used 

for the conversion.   

 
In addition, a new variable called “Adequate care” was created, which was based on 

the frequency of HbA1c testing throughout the year. According to the ADA guidelines, which 

recommend measuring HbA1c twice annually [81], diabetes management was classified as 

adequate if HbA1c was measured exactly twice a year. If the testing occurred less than twice 

or more than twice a year, it was considered inadequate care [82]. 

4.2.3 Statistical Analysis 

To investigate potential differences in age and laboratory parameters from 2016 

between T2DM patients who experienced stroke or AMI between 2017 and 2020 and those 

who did not, the Wilcoxon Rank Sum Test was applied. This analysis followed the assessment 

of variable normality using the Shapiro-Wilk test and visual inspection of histograms, with 

results reported as medians and interquartile ranges. Laboratory values were also categorized 

based on standard reference ranges and Pearson’s Chi-square test was employed to examine 

associations between these categorized results and the incidence of cardiovascular events.  
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Cox proportional hazards regression was chosen for the multivariate analysis, as the 

outcome involved time-to-event data, allowing for the assessment of the time until primary 

outcome events occurred. Variables were included in the model based on their significance in 

univariate analyses (p < 0.05), clinical relevance, and consistency with findings from previous 

research. For the purposes of Cox proportional hazards regression, survival time was defined 

as the period from the beginning of follow-up to the first occurrence of a cardiovascular event, 

as previously described. Data preparation for survival analysis was carried out in Stata using 

the “stset” command, specifying the start time and CVD events occurring within the four-year 

follow-up period. The panel structure of the dataset was established with the “xtset” command, 

using individual subject identifiers and the time variable. The Cox regression analysis was 

conducted with the “xtstreg” command, applying a Weibull distribution to appropriately model 

the hazard function over time.  

Initially, a model was created using only baseline data, including gender, age group, 

proper care, and comorbidities. Laboratory parameters were subsequently added to the model 

based on associations identified through the Chi-square test. The results from the Cox 

regression analysis were presented as hazard ratios (HRs) with 95% CIs. All statistical analyses 

were conducted using STATA IC version 17.0 [77]. 

4.2.4 Ethics Statement  

The study complied with all applicable local laws and institutional regulations. Ethical 

approval was obtained from the Ethics Committee of the University of Debrecen (approval 

number 5610-2020). 

4.3 Study 3: Study 3: Cardioprotective effect of SGLT-2 inhibitors in patients with T2DM 

4.3.1 Study Design and Data 

This study followed a longitudinal design, drawing on patient data from the Department 

of Internal Medicine at the University Hospital of Debrecen, Hungary, spanning the years 2016 

to 2020. The dataset included 2,542 individuals diagnosed with T2DM, as defined by clinical 

criteria, all of whom were free of HF at baseline. Participants were identified in the hospital’s 

database using the ICD-10 code E11, specific to T2DM. Records were excluded if they 

contained the E10 code (commonly associated with type 1 diabetes), showed evidence of 

preexisting HF, involved individuals younger than 45 years, or reflected an estimated 

glomerular filtration rate (eGFR) below 30 mL/min/1.73 m²—criteria applied to minimize 

confounding risk factors for HF. The data included yearly updates on demographic variables, 

laboratory values, and treatment histories, enabling a detailed assessment of patients’ clinical 
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trajectories. Clinical thresholds for laboratory markers were defined according to the ADA 

guidelines [79]. For analysis purposes, data were structured longitudinally, sorted by patient 

identification and observation year. 

4.3.2 Variables  

When an appropriate ICD-10 code was found in the diagnostic records, the associated 

indicator was set to 1 for every patient in the year. The diagnostic codes were taken from the 

patient registry. Clinical outcomes were described using ICD-10 diagnostic codes for 

peripheral artery disease, atherosclerosis, stroke, AMI, HF, diabetic nephropathy, diabetic 

retinopathy, and diabetic neuropathy. For each disease, binary indicator variables were created 

to indicate whether or not it existed for every patient-year. The incidence of HF was the primary 

outcome of the study. International, generic, and brand names were used to filter and identify 

medications from the treatment records of patients with T2DM that belong to the class of SGLT-

2 inhibitors that are approved for use in Hungary. The application of SGLT-2 inhibitor 

medication was then indicated by a binary variable. 

4.3.3 Statistical analysis 

To assess outcomes based on baseline characteristics, Pearson’s chi-squared test was 

employed. The comparison included categorical variables such as gender, age group, creatinine 

levels, LDL levels, HbA1c, triglyceride levels, and the presence of comorbidities, including 

atherosclerosis, stroke, AMI, peripheral artery disease, nephropathy, retinopathy, and 

neuropathy. To assess the association between the use of SGLT-2 inhibitors and the occurrence 

of HF, we applied multiple logistic regression models, incorporating time as an adjustment 

factor. Given the annual structure of the dataset, logistic regression was favored over Cox 

proportional hazards models, which are more appropriate for continuous time-to-event data. 

Logistic regression was more suitable for estimating the likelihood of HF within defined yearly 

intervals. Additionally, due to the relatively small number of HF cases, this approach offered 

greater stability, did not rely on the proportional hazards assumption, and yielded interpretable 

odds ratios. Variables were included based on their significance in univariate analyses (p < 

0.05), clinical relevance, and support from existing literature. Evaluation of model performance 

using AIC and BIC criteria supported the choice of logistic regression as a more parsimonious 

and reliable method. To gauge predictive performance, ROC curve analysis was conducted, 

assessing both sensitivity and specificity across varying probability cutoffs. A high area under 

the curve (AUC) indicated strong model discrimination. All statistical computations were 

carried out using Stata IC version 17.0 [77]. 

4.3.4 Ethics Statement 
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Approval for the study involving human subjects was granted by the University of 

Debrecen's Ethics Committee. All activities adhered to relevant institutional guidelines and 

local legal requirements. The committee issued official authorization on December 17, 2020, 

under the reference code 5610-2020. 

5. Results 

5.1 Study 1: Cardiovascular disease and risk factors in adults with diabetes mellitus in 
Hungary: A population-based study 

Table 1 shows the prevalence of DM and CVD in DM patients in Hungary across the 

three surveys. According to the data, the prevalence of DM increased significantly from 8.3% 

in 2009 to 9.7% in 2019 (p=0.004), but the prevalence of CVD among DM patients decreased 

from 33.9% in 2009  to 23.8% in 2014, but increased to 29.4% in 2019, however over all 

prevenance of CVD in patients with DM showed declining trend (p<0.001). Among CVDs, 

there was a declining tendency in the prevalence of stroke, while AMI (p=0.003) and CAD 

(p<0.001) displayed a substantial declining trend (Table 1).  

Table 1. Prevalence of DM and prevalence of CVD, AMI, stroke, and CAD in patients with 

DM in data derived from three waves of EHIS in 2009, 2014, and 2019 

*Bold values indicate statistical significance (p < 0.05) based on weighted Pearson’s chi-
squared tests. DM: Diabetes Mellitus; CVD: Cardiovascular Disease; AMI: Acute Myocardial 
Infarction; CAD: Coronary Artery Disease. 
 

The characteristics of survey respondents with and without CVD are displayed in Table 

2. The findings show that 52.7% of DM patients were female, 49.2% were over 65 years old, 

and 52.2% had completed primary school education, according to the data. Furthermore, in the 

whole pooled sample of three waves of the EHIS in Hungary, 45.5% and 36.5% of DM 

participants were overweight and obese, respectively, and 75% had high blood pressure, 37.8% 

 Year of the survey 

p-value* 
Prevalence of conditions 

2009 2014 2019 

n % n % n % 
DM in all participants 421 8.3 470 8.1 545 9.7 0.004 
All CVD (including AMI, stroke, 
CAD) in patients with DM 

143 33.8 116 23.8 111 29.4 <0.001 

AMI in patients with DM 55 13.1 38 7.9 40 6.9 0.003 
Stroke in patients with DM 34 8.7 29 5.9 33 5.9 0.177 
CAD in patients with DM 97 21.9 86 17.5 65 11.3 <0.001 
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had increased blood cholesterol, and 8.2% had depression. In addition to a higher proportion 

of individuals aged ≥65 years compared to those without CVD (61.6% vs. 45.0%; p < 0.001), 

people with CVD also had higher rates of depression (14.2% vs. 6.1%; p < 0.001), hypertension 

(84.9% vs. 71.5%; p < 0.001), and hypercholesterolemia (50.9% vs. 33.3%; p < 0.001). 

Table 2. Characteristics of participants with a history of CVD among patients with DM 

Variable Category 

Participants with DM 

total 
with 
CVD 

n (%)* 

without 
CVD 

n (%)* 
p-value 

Gender Male 667 (47.3) 178 
(47.9) 

489 (47.1) 0.802 
Female 769 (52.7) 192 

(52.1) 
577 (52.9) 

Age group <65 696 (50.8) 138 
(38.4) 

558 (55.0) <0.001 
≥65  740 (49.2) 232 

(61.6) 
508 (45.0) 

BMI Normal 242 (18) 58 (16.0) 184 (18.8) 0.339 
Overweight 522 (36.5) 143 

(39.4) 
379 (35.5) 

Obese 658 (45.5) 168 
(44.6) 

490 (45.7) 
Smoking status Non-smoker  1159 (81.2) 305 

(82.9) 
854 (80.6) 0.361 

Smoker 257 (18.8) 62 (17.1) 195 (19.4) 
Alcohol consumption Never 613 (42.9) 187(50.6

) 
426 (40.2) 0.009 

Low 529 (37) 121(32.8
) 

408 (38.5) 
Moderate 221 (15.7) 46 (12.9) 175 (16.7) 
Heavy 60 (4.4) 15 (3.7) 45 (4.6) 

Hypercholesterolemia No 888 (62.2) 178 
(49.1) 

710 (66.7) <0.001 
Yes 548 (37.8) 192 

(50.9) 
356 (33.3) 

Hypertension No 349 (25) 57 (15.1) 292 (28.5) <0.001 
Yes  1087 (75) 313 

(84.9) 
774 (71.5) 

Depression  No 1317 (91.8) 316 
(85.8) 

1001 (93.9) <0.001 
Yes 119 (8.2) 54 (14.2) 65 (6.1) 

Education level Primary  740 (52.2) 238 
(65.2) 

502 (47.7) <0.001 
Secondary  495 (33.7) 95 (25.2) 400 (36.7) 
Higher  200 (14.1) 37 (9.6) 163 (15.6) 

Perceived income Low 332 (23.8) 103 
(28.8) 

229 (22.0) 0.019 
Lower middle  322 (21.1) 86 (22.1) 236 (20.7) 
Middle 293 (20.4) 74 (20.5) 219 (20.4) 
Upper middle  293 (20.5) 73 (18.8) 220 (21.1) 
High 196 (14.2) 34 (9.8) 162 (15.8) 

*unweighted numbers and weighted proportions. Bold values indicate statistical significance 
(p < 0.05) based on weighted Pearson’s chi-squared tests. DM: Diabetes Mellitus; CVD: Cardiovascular 
Disease; BMI: Body Mass Index  
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The amount of alcohol consumed by DM patients with and without CVD differed 

statistically significantly (p=0.009). Additionally, there is evidence suggesting that individuals 

with CVD were more likely to report lower perceived income (p = 0.019) and had a higher 

likelihood of completing only primary education (65.2% vs. 47.7%; p < 0.001). In contrast, the 

data do not provide strong evidence of differences in BMI or smoking status based on CVD 

status (Table 2). 

The findings of the multiple logistic regression analysis are shown in Table 3. The 

multivariate model showed that women were 40% less likely than men to have CVD (OR 0.6; 

95% CI 0.45 – 0.81). CVD was 2.13 times more common in people 65 and older (OR 2.13; 

95% CI 1.58 – 2.87). Prevalence of CVD was substantially linked to hypertension (OR 1.53; 

95% CI 1.05 – 2.22) and hypercholesteremia (OR 2.12; 95% CI 1.61 – 2.81) (Table 3). There 

is strong evidence against the null hypothesis, indicating that depression is associated with a 

higher risk of CVD among patients with DM (OR 2.62; 95% CI 1.69–4.04, p < 0.001). 

Compared to respondents with primary education, individuals with diabetes who had 

completed secondary education had 34% lower odds of having CVD (OR 0.66; 95% CI 0.47–

0.94), while those with tertiary education had 40% lower odds (OR 0.61; 95% CI 0.38–0.99). 

A substantial positive association was observed between CVD and lower-middle income (OR 

1.79; 95% CI 1.05–3.06) as well as poor income (OR 2.03; 95% CI 1.19–3.46). Compared to 

2009, the prevalence of CVD among patients with diabetes decreased in 2014 and 2019, with 

odds ratios of 0.56 (95% CI 0.40–0.79) and 0.53 (95% CI 0.36–0.77), respectively. The model 

found no strong evidence against the null hypothesis, suggesting no association between 

lifestyle characteristics such as alcohol use, smoking status, and BMI and the presence of CVD 

(Table 3). 
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Table 3. Association between risk factors and the presence of CVD among individuals with 

DM by multivariate logistic regression analysis 

Characteristics OR (95% CI) p-value 
Gender Male (reference) 

  

Female 0.60 (0.45-0.81) 0.001 
Age group <65 

  

≥65  2.13 (1.58-2.87) <0.001 
BMI Normal/underweight 

(reference) 

  

Overweight 1.18 (0.78-1.79) 0.439 
Obese 0.94 (0.62-1.44) 0.79 

Smoking status Non-smoker (reference) 
  

Smoker 1.03 (0.70-1.53) 0.871 
Hypertension  No (reference) 

  

Yes 1.53 (1.05-2.22) 0.027 
Hypercholesterolemia No (reference) 

  

Yes 2.12 (1.61-2.81) <0.001 
Depression  No (reference) 

  

Yes 2.62 (1.69-4.04) <0.001 
Alcohol consumption Never (reference) 

  

Low 0.78 (0.57-1.07) 0.118 
Moderate 0.66 (0.43-1.01) 0.058 
Heavy 0.59 (0.29-1.19) 0.141 

Education level Primary (reference) 
  

Secondary  0.66 (0.47-0.94) 0.021 
Higher  0.61 (0.38-0.99) 0.044 

Percieved income  High (reference) 
  

Low  2.03 (1.19-3.46) 0.010 
Lower middle  1.79 (1.05-3.06) 0.033 
Middle  1.61 (0.94-2.74) 0.080 
Upper middle 1.59 (0.94-2.68) 0.085 

Year 2009 (reference) 
  

2014 0.56 (0.40-0.79) 0.001 
2019 0.53 (0.36-0.77) 0.001 

Bold values represent the significant association (p<0.05). OR: Odds ratio; CI: Confidence 
Interval. BMI: Body Mass Index 
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5.2 Study 2: Evaluation of cardiovascular disease risk in patients with T2DM using clinical 
laboratory markers 

Baseline characteristics of the 5,708 participants with T2DM are presented in Table 3. 

The median age was 66 years (IQR: 60–74), with a near-equal gender distribution (51% female, 

n=2,854). The median duration of T2DM was 12 years (IQR: 7–12). Hypertension was the 

most prevalent comorbidity at 64% (n=3,581), followed by myocardial ischemia (39%, 

n=2,203), neurological diseases (18.7%, n=1,046), retinopathy (14%, n=783), cancer (12%, 

n=670), nephropathy (1.8%, n=101), and blindness (0.29%, n=16). Lipid profiles showed a 

median total cholesterol of 4.6 mmol/L (IQR: 3.8–5.5), HDL of 1.2 mmol/L (IQR: 0.95–1.4), 

LDL of 2.8 mmol/L (IQR: 1.9–3.4), and triglycerides of 2.4 mmol/L (IQR: 1.9–2.9), 

respectively. Glycemic control markers included a median blood glucose of 7.9 mmol/L (IQR: 

6.4–10.4) and HbA1c of 7.35% (IQR: 6.5–8.4). Renal function was reflected by a median 

serum creatinine of 80 µmol/L (IQR: 65–102) and eGFR of 77 mL/min/1.73 m² (IQR: 55–99), 

with albumin at 44.5 g/L (IQR: 41–47). Uric acid levels were 325.7 µmol/L (IQR: 268–390), 

and C-reactive protein, an inflammatory marker, was 4.5 µmol/L (IQR: 2–11.7). The TyG 

index, an indicator of insulin resistance, had a median value of 9.34 (IQR: 6.83–13.00). These 

baseline data indicate a population with critical cardiovascular and metabolic burden, providing 

a foundation for assessing risk factors and outcomes in T2DM. 
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Table 4. Baseline characteristics of patients with T2DM by 2016. 

Variables Baseline 

Age * 66 (60–74) years 

Gender Female 51% (2854) 

Male 49% (2854) 

Duration of T2DM * 12 (7–12) years 

Comorbidities (except 

for AMI and stroke) 

Hypertension 64% (3581) 

Myocardial ischemia 39% (2203) 

Neurological diseases 18.7% (1046) 

Retinopathy 14% (783) 

Cancer 12% (670) 

Nephropathy 1.8 (101) 

Blindness 0.29% (16) 

Total cholesterol * 4.6 (3.8–5.5) mmol/L 

HDL * 1.2 (0.95–1.4) mmol/L 

LDL * 2.8 (1.9–3.4) mmol/L 

Triglycerides * 2.4 (1.9–2.9) mmol/L 

Blood glucose * 7.9 (6.4–10.4) mmol/L 

HbA1c * 7.35 (6.5–8.4) 

Albumin * 44.5 (41–47) g/L 

Uric acid * 325.7 (268–390) µmol/L 

Serum creatinine * 80 (65–102) µmol/L 

eGFR * 77 (55–99) mL/min/1.73 m2 

C-reactive protein * 4.5 (2–11.7) µmol/L 

TyG index * 9.34 (6.83–13.00) 

* median (IQR: Inter Quartal Rate); T2DM: Type 2 Diabetes Mellitus; AMI: Acute Myocardial 
Infarction; HDL: High Density Lipoprotein; LDL: Low Density Lipoprotein; HbA1c: Glycated 
Hemoglobin; eGFR: Estimated Glomerular Filtration Rate; TyG: Triglyceride-Glucose index; 
 

Between 2017 and 2020, 6.2% of all new cases of AMI and stroke were recorded among 

these individuals. Table 5 compares baseline variables in 2016 for patients with T2DM, 

stratified by the occurrence of CVD events over the subsequent 4 years. Patients who 

experienced a CVD event were older (median age 68 years, Q1–Q3: 62–76) compared to those 

who did not (median age 66 years, Q1–Q3: 59–73; p<0.001). Lipid profiles showed significant 

differences: total cholesterol (4.8 mmol/L, Q1–Q3: 4.0–5.8 vs. 4.6 mmol/L, Q1–Q3: 3.8–5.5; 

p=0.010), LDL (2.8 mmol/L, Q1–Q3: 2.1–3.8 vs. 2.7 mmol/L, Q1–Q3: 2.0–3.4; p=0.034), and 
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triglycerides (2.1 mmol/L, Q1–Q3: 2.04–2.17 vs. 2.56 mmol/L, Q1–Q3: 2.06–3.06; p=0.016) 

were higher in the CVD event group, while HDL levels showed no difference (p=0.117). 

Glycemic control markers, including glucose (p=0.381) and HbA1c (p=0.127), were similar 

between groups. Renal function markers indicated poorer outcomes in the CVD event group, 

with higher creatinine (89.5 µmol/L, Q1–Q3: 72–113 vs. 79.5 µmol/L, Q1–Q3: 65–101; 

p<0.001) and lower eGFR (68 mL/min/1.73 m², Q1–Q3: 51–88 vs. 78 mL/min/1.73 m², Q1–

Q3: 56–99; p<0.001), respectively.  

Table 5. Baseline clinical characteristics of T2DM patients in 2016, stratified by CVD event 

occurrence during the four-year follow-up. 

Variables in 2016 

Patients with T2DM 

p Value * 
Event of CVD in the 

Next 4 Years Median 

(Q1–Q3) 

No Event of CVD in 

the Next 4 Years 

Median (Q1–Q3) 

Age 68 (62–76) 66 (59–73) <0.001 

Total cholesterol (mmol/L) 4.8 (4–5.8) 4.6 (3.8–5.5) 0.010 

HDL (mmol/L) 1.1 (0.9–1.4) 1.2 (1.0–1.4) 0.117 

LDL (mmol/L) 2.8 (2.1–3.8) 2.7 (2.0–3.4) 0.034 

Triglycerides (mmol/L) 2.1 (2.04–2.17) 2.56 (2.06–3.06) 0.016 

Glucose (mmol/L) 8.1 (6.4–10.9) 7.9 (6.4–10.4) 0.381 

HbA1c (%) 7.5 (6.6–8.8) 7.3 (6.5–8.4) 0.127 

Albumin (mmol/L) 43.5 (41–46) 44.5 (41–47) 0.026 

Uric acid (µmol/L) 340 (266–416) 325 (268–389) 0.038 

Creatinine (µmol/L) 89.5 (72–113) 79.5 (65–101) <0.001 

eGFR (mL/min/1.73 m2) 68 (51–88) 78 (56–99) <0.001 

C-reactive protein (µmol/L) 4.7 (2–12) 4.5 (2.0–11.6) 0.658 

TyG index 9.38 (8.84–9.98) 9.26 (8.82–9.77) 0.07 

* Bold values indicate statistical significance (p < 0.05) based on Wilcoxon Rank Sum Test. 
T2DM: Type 2 Diabetes Mellitus; CVD: Cardiovascular Disease; HDL: High Density Lipoprotein; 
LDL: Low Density Lipoprotein; HbA1c: Glycated Hemoglobin; eGFR: Estimated Glomerular 
Filtration Rate; TyG: Triglyceride-Glucose index; 

 
Albumin levels were slightly lower in the CVD event group (43.5 mmol/L, Q1–Q3: 

41–46 vs. 44.5 mmol/L, Q1–Q3: 41–47; p=0.026), and uric acid was higher (340 µmol/L, Q1–

Q3: 266–416 vs. 325 µmol/L, Q1–Q3: 268–389; p=0.038). No significant differences were 

observed in C-reactive protein (p=0.658) or TyG index (p=0.07). These findings suggest that 

older age, dyslipidemia, elevated uric acid, and impaired renal function at baseline are 
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associated with an increased risk of CVD events in T2DM patients over four years, highlighting 

these factors as important markers for risk stratification and informing risk-based care. 

Based on the results of the chi-square test, male patients (p = 0.001) with T2DM and 

individuals aged over 65 years (p = 0.001) were found to have a higher probability of 

developing AMI or stroke within the following four years. Furthermore, individuals diagnosed 

with CVD during the subsequent four years had higher total blood cholesterol (p = 0.01) and 

LDL cholesterol levels (p = 0.001) in 2016, compared to normal ranges. However, no 

statistically significant differences were observed in 2016 between individuals with abnormal 

blood glucose, uric acid, HbA1c, and C-reactive protein levels and those with normal values 

regarding the likelihood of developing CVDs. Despite this, CVD was notably more prevalent 

among individuals with impaired kidney function, defined as an eGFR below 90 

mL/min/1.73m², compared to those with an eGFR above this threshold (p = 0.005). An 

intriguing finding of this study was the association between serum creatinine levels and CVD 

risk. Individuals with serum creatinine levels in 2016 that were either above, or below normal 

ranges (p = 0.005) exhibited a higher likelihood of developing CVD within the next four years 

(Table 6). 
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Table 6. Characteristics of T2DM patients with and without CVD during the next 4 years. 

Variables in 
2016 Category 

Patients with T2DM 

P value * 
Event of CVD 
in the Next 4 
Years 
(n, %) 

No Event of 
CVD in the Next 
4 Years  
(n, %) 

Gender Female 131 (38) 2723 (52) 
0.001 

Male 216 (62) 2523 (48) 
Age group <65 117 (33.7) 2511 (47.8) 

0.001 
≥65 230 (66.3) 2735 (52.1) 

Total 
cholesterol 

<5.0 mmol/L 116 (53.0) 2187 (61.4) 
0.01 

≥5.0 mmol/L 103 (47.0) 1375 (38.6) 
LDL <3.4 mmol/L 129 (67.2) 2342 (73.9) 

0.01 
≥3.4 mmol/L 63 (32.1) 828 (26.1) 

Triglycerid
es 

<1.7 mmol/L 103 (46.6) 1753 (48.9) 
0.5 

≥1.7 mmol/L 118 (53) 1883 (51.1) 
Glucose  <6.0 mmol/L 179 (76.2) 3197 (78.9) 

0.32 
≥6.0 mmol/L 56 (23.8) 855 (21.1) 

HbA1c <6.5% 38 (11.0) 646 (12.3) 
0.45 

≥6.5% 309 (89.0) 4600 (87.7) 
Proper care HbA1c measurement of more or less 

than two times a year 322 (92.8) 4494 (85.7) 
<0.001 

HbA1c measurement two times a 
year 25 (7.2) 752 (14.3) 

Uric acid Female: <140 µmol/L 
Male: <200 µmol/L 7 (3.3) 98 (1.6) 

0.25 Female: 140–340 µmol/L  
Male: 200–420 µmol/L 

136 (63.6) 2464 (40.2) 

Female: ≥340 µmol/L  
Male: ≥420 µmol/L 71 (33.2) 3574 (58.2) 

Creatinine  Female: <44 µmol/L 
Male: <62 µmol/L 15 (6.1) 192 (4.5) 

0.002 Female: 44–84 µmol/L 
Male: 62–106 µmol/L 

136 (55.1) 2782 (65.9) 

Female: ≥84 µmol/L 
Male: ≥106 µmol/L 96 (38.9) 1248 (29.6) 

eGFR <90 mL/min/1.73m2 58 (23.5) 1348 (31.9) 
0.005 

≥90 mL/min/1.73m2 189 (76.5) 2874 (68.1) 
C-reactive 
protein 

≥10 mg/dL 69 (30.3) 1137 (28.4) 
0.5 

<10 mg/dL 159 (69.7) 2862 (71.6) 
* Bold values indicate statistical significance (p < 0.05) based on Pearson’s chi-squared test. 

T2DM: Type 2 Diabetes Mellitus; CVD: Cardiovascular Disease; HDL: High Density Lipoprotein; 
LDL: Low Density Lipoprotein; HbA1c: Glycated Hemoglobin; eGFR: Estimated Glomerular 
Filtration Rate;  
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Table 7 presents the association between baseline characteristics and survival outcomes 

in patients with T2DM, based on the number of observed CVD events. No significant 

differences in event rates were observed for gender (females: 131 events vs. males: 216 events, 

p=0.41), age group (<65: 131 events vs. ≥65: 216 events, p=0.32), hypertension (yes: 218 vs. 

no: 129, p=0.44), myocardial ischemia (yes: 156 vs. no: 191, p=0.15), neuropathy (yes: 60 vs. 

no: 291, p=0.09), cancer (yes: 34 vs. no: 313, p=0.19), nephropathy (yes: 6 vs. no: 341, p=0.76), 

blindness (yes: 1 vs. no: 346, p=0.42), total cholesterol (<5.0 mmol/L: 116 vs. ≥5.0 mmol/L: 

103, p=0.21), glucose (<6.0 mmol/L: 179 vs. ≥6.0 mmol/L: 56, p=0.25), HbA1c (<6.5%: 38 

vs. ≥6.5%: 309, p=0.45), eGFR (<90 mL/min/1.73 m²: 58 vs. ≥90 mL/min/1.73 m²: 189, 

p=0.22), C-reactive protein (≥10 mg/dL: 69 vs. <10 mg/dL: 159, p=0.25), uric acid (p=0.49 

across categories), or triglycerides (<1.7 mmol/L: 103 vs. ≥1.7 mmol/L: 118, p=0.07), 

respectively. There was strong evidence of associations for retinopathy (yes: 58 vs. no: 289, p 

= 0.01), LDL cholesterol levels (<3.4 mmol/L: 129 vs. ≥3.4 mmol/L: 63, p = 0.03), creatinine 

levels (p = 0.01 across gender-specific categories), and the adequacy of care (yes: 25 vs. no: 

322, p < 0.001). These results suggest that retinopathy, elevated LDL, higher creatinine levels, 

and lack of proper care are associated with reduced survival, while other factors show no 

significant impact on CVD event rates in this cohort. 
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Table 7. Survival analysis of CVD outcomes based on baseline clinical and demographic 

characteristics in patients with T2DM 

Variables Event Observed p value* 
Gender Female 131 0.41 Male 216 
Age group <65 131 0.32 ≥65 216 
Hypertension Yes 218 0.44 No 129 
Myocardial 
ischemia 

Yes 156 0.15 No 191 
Neuropathy  Yes 60 0.09 No 291 
Retinopathy  Yes 58 0.01 No 289 
Cancer Yes 34 0.19 No 313 
Nephropathy Yes 6 0.76 No 341 
Blindness Yes 1 0.42 No 346 
Proper care Yes 25 <0.001 No 322 
Total cholesterol <5.0 mmol/L 116 0.21 ≥5.0 mmol/L 103 
LDL <3.4 mmol/L 129 0.03 ≥3.4 mmol/L 63 
Triglycerides <1.7 mmol/L 103 0.07 ≥1.7 mmol/L 118 
Glucose  <6.0 mmol/L 179 0.25 ≥6.0 mmol/L 56 
HbA1c <6.5% 38  

≥6.5% 309  
Creatinine  Female: <44 µmol/L, Male: <62 µmol/L 15 

0.01 Female: 44–84 µmol/L,  
Male: 62–106 µmol/L 

136 

Female: ≥84 µmol/L, Male: ≥106 µmol/L 96 
Uric acid Female: <140 µmol/L, Male: <200 µmol/L 7 

0.49 Female: 140–340 µmol/L  
Male: 200–420 µmol/L 

136 

Female: ≥340 µmol/L, Male: ≥420 µmol/L 71 
eGFR <90 mL/min/1.73m2 58 0.22 ≥90 mL/min/1.73m2 189 
C-reactive protein ≥10 mg/dL 69 0.25 <10 mg/dL 159 

* Bold values indicate statistical significance (p < 0.05) based on the Log-Rank test. HDL: High 
Density Lipoprotein; LDL: Low Density Lipoprotein; HbA1c: Glycated Hemoglobin; eGFR: Estimated 
Glomerular Filtration Rate; 
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According to the first Cox proportional hazards regression model, which included 

baseline variables such as age group, gender, appropriate care, and comorbidities, there is 

strong evidence that receiving appropriate care is associated with a reduced risk of CVD. 

Specifically, the appropriate care was associated with a reduced risk of developing CVD ( [HR] 

= 0.58, 95% CI: 0.41–0.81) (Table 8).   

Table 8. Cox proportional hazards regression model assessing baseline variables and CVD 
risk in T2DM patients 

Characteristics HR 95% CI p value * 
Gender Female (reference)    

Male 0.92 0.76–1.13 0.459 
Age group 65< (reference)    

65≥ 1.1 0.9–1.34 0.334 
Hypertension No (reference)    

Yes 0.99 0.8–1.2 0.926 
Myocardial 
ischemia 

No (reference)    
Yes 1.05 0.86–1.29 0.581 

Neuropathy  No (reference)    
Yes 1.3 0.97–1.73 0.076 

Retinopathy  No (reference)    
Yes 1.32 0.54–3.2 0.535 

Cancer No (reference)    
Yes 1.19 0.86–1.65 0.279 

Nephropathy No (reference)    
Yes 1.79 0.55–5.56 0.340 

Blindness No (reference)    
Yes 0.93 0.29–2.97 0.911 

Proper care HbA1c measurement of more or less than 
two times a year (reference) 

  
0.002 

HbA1c measurement two times a year 0.58 0.41–0.81 
* Bold values represent the significant association (p < 0.05). HR, Hazard ratio; CI, Confidence 

interval, and HRs are adjusted for other variables in the model. AUC = 0.557 (95% CI 0.531–0.582). 
 

The second Cox proportional hazards regression model, which incorporated laboratory 

parameters in addition to baseline variables, identified significant associations with CVD risk 

in patients with T2DM. Patients with elevated triglyceride levels had a 1.56-fold higher risk of 

developing CVD compared to those with normal levels (HR = 1.56, 95% CI: 1.06–2.29, p = 

0.021), providing moderate evidence against the null hypothesis of no association. Similarly, 

an eGFR below 90 mL/min/1.73m² was associated with a 1.6-fold increase in CVD risk (HR = 

1.60, 95% CI: 1.04–2.47, p = 0.034), suggesting some evidence of elevated risk. The model 

also indicated a potential protective effect of low serum creatinine levels against CVD, with a 
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hazard ratio of 0.44 (95% CI: 0.21–0.96, p = 0.039), providing modest evidence against the 

null hypothesis. Furthermore, the frequency of annual HbA1c measurements was strongly 

associated with reduced CVD risk. Patients who measured their HbA1c precisely twice a year 

had a 54% lower risk of AMI and stroke compared to those who measured it less than twice or 

more than twice per year (HR = 0.46, 95% CI: 0.31–0.70, p < 0.001), providing strong evidence 

in support of the association (Table 9). 

Table 9. Cox regression model incorporating both baseline and laboratory test parameters to 

evaluate predictors of CVD in T2DM patients. 

Characteristics  HR 95% CI p Value * 
Gender Female (reference)    

Male 1.12 0.79–1.60 0.498 
Age group 65< (reference)    

65≥ 1.06 0.7–1.46 0.09 
Hypertension No (reference)    

Yes 1.32 0.9–1.93 0.115 
Myocardial ischemia No (reference)    

Yes 1.17 0.80–1.71 0.402 
Neuropathy  No (reference)    

Yes 1.19 0.76–1.87 0.423 
Retinopathy  No (reference)    

Yes 1.55 0.52–4.63 0.427 
Cancer No (reference)    

Yes 1.05 0.64–1.74 0.823 
Nephropathy No (reference)    

Yes 7.02 0.87–16.4 0.067 
Blindness No (reference)    

Yes 1.01 0.12–8.02 0.989 
HbA1c Normal (reference)    

Increased 1.79 0.96–2.09 0.073 
Triglycerides Normal (reference)    

Increased 1.56 1.06–2.29 0.021 
Total cholestrol Normal (reference)    

Increased 1.44 0.87–2.93 0.148 
LDL Normal (reference)    

Increased 1.61 0.96–2.7 0.067 
eGFR Normal     

Decreased (reference) 1.6 1.04–2.47 0.032 
Serum creatinine  Normal (reference)    

Decreased 0.44 0.21–0.96 0.04 
Increased 1.1 0.75–1.64 0.599 

C-reactive protein Normal (reference)    
Increased 1.2 0.8–1.8 0.357 

Proper care HbA1c measurement not equals two 
(reference) 

   

HbA1c measurement two times a year 0.46 0.31–0.7 <0.001 
* Bold values represent the significant association (p<0.05). HR, Hazard ratio; CI, Confidence 

interval, and HRs are adjusted for other variables in the model. Area Under Curve, AUC = 0.628 (95% 
CI 0.584–0.671). 
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5.3 Study 3: Cardioprotective effect of SGLT-2 inhibitors in patients with T2DM 

Pearson's chi-squared analysis based on baseline characteristics found no strong 

evidence of variation in the incidence of HF by gender (p = 0.099), age group (p = 0.723), LDL 

levels (p = 0.642), or triglyceride levels (p = 0.383), respectively. HbA1c ≥ 7%, however, was 

substantially linked to a higher incidence of HF (p = 0.01).  

Table 10. Comparison of patients with HF and those without HF, noting baseline 

characteristics. 

Variable Category without HF, n (%) with HF, n (%) p-Value 
Gender Female 1134 (98.52%) 17 (1.48%) 

0.099 
Male 1380 (99.21%) 11 (0.79%) 

Age Group <65 1252 (98.97%) 13 (1.03%) 
0.723 

≥65 1262 (98.83%) 15 (1.17%) 
LDL levels <3.4 mmol/L 1530 (98.77%) 19 (1.23%) 

0.642 
≥3.4 mmol/L 601 (99.01%) 6 (0.99%) 

HbA1c <7% 1057 (99.53%) 5 (0.47%) 
0.01 

≥7% 1457 (98.45%) 23 (1.55%) 
Triglycerides <1.7 mmol/L 1104 (99.10%) 10 (0.90%) 

0.383 
≥1.7 mmol/L 1243 (98.73%) 16 (1.27%) 

Atherosclerosis Yes 1812 (99.29%) 15 (2.09%) 
0.003 

No 702 (97.91%) 13 (0.71%) 
Stroke Yes 2323 (98.98%) 4 (2.05%) 

0.186 
No 191 (97.95%) 24 (1.02%) 

AMI Yes 1890 (99.58%) 20 (3.11%) 
<0.001 

No 624 (96.89%) 8 (0.42%) 
Peripheral Artery 
Disease 

Yes 2138 (99.07%) 8 (2.08%) 
0.045 

No 376 (97.92%) 20 (0.93%) 
Nephropathy Yes 2087 (99.10%) 9 (2.06%) 

0.034 
No 427 (97.94%) 19 (0.90%) 

Retinopathy Yes 2150 (99.08%) 8 (2.15%) 
0.036 

No 364 (97.85%) 20 (0.92%) 
Neuropathy Yes 2048 (99.08%) 9 (1.89%) 

0.066 
No 466 (98.11%) 19 (0.92%) 

SGLT-2 Inhibitors Yes 2268 (99.87%) 25 (9.23%) 
<0.001 

No 246 (90.77%) 3 (0.13%) 
Bold values indicate statistical significance (p < 0.05) based on Pearson’s chi-squared test. HF: Heart 
Failure; LDL: LDL: Low Density Lipoprotein; HbA1c: Glycated Hemoglobin; AMI: Acute Myocardial 
Infarction. 
 

Furthermore, individuals diagnosed with CVD during the subsequent four years had 

higher total blood cholesterol and LDL cholesterol levels in 2016, compared to normal ranges 

(p = 0.01 and p = 0.001, respectively). The incidence of HF was notably higher among patients 

with peripheral artery disease (p = 0.045), nephropathy (p = 0.034), retinopathy (p = 0.036), 
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atherosclerosis (p = 0.003), and AMI (p < 0.001). There was strong evidence of an association 

between the use of SGLT-2 inhibitors and a lower incidence of HF (p < 0.001; Table 10). 

 The use of SGLT-2 inhibitors was associated with lower odds of HF incidence, as 

indicated by the multiple logistic regression model (OR = 0.55, 95% CI: 0.31–0.99, p = 0.046), 

providing modest evidence against the null hypothesis. Additionally, women had lower odds 

of experiencing HF compared to men (OR = 0.45, 95% CI: 0.28–0.71, p = 0.001), representing 

strong evidence of a sex-related difference. Baseline eGFR also showed a protective 

association with HF (OR = 0.98, 95% CI: 0.97–0.99, p = 0.004), with consistent evidence 

against the null hypothesis. On the other hand, there was no insufficient evidences to support 

associations between HF and the length of SGLT-2 inhibitor use (OR = 1.13, 95% CI: 0.89–

1.44, p = 0.309), age (OR = 1.02, 95% CI: 0.99–1.06, p = 0.178), or baseline HbA1c levels 

(OR = 1.14, 95% CI: 0.99–1.31, p = 0.066), respectively. Similarly, no notable association was 

observed between HF incidence and time trends between years (2017–2019 versus 2016) 

(Table 11). 

 

Table 11. Multiple logistic regression analysis of factors associated with HF incidence in 

patients with T2DM. 

Variable  Odds Ratio [95% CI] p-Value 

SGLT-2 inhibitor use  No (Reference)   

Yes 0.55 [0.31–0.99] 0.046 

Age (years) 1.02 [0.99–1.06] 0.178 

Gender Male (Reference)   

Female 0.45 [0.28–0.71] 0.001 

Duration SGLT-2 inhibitor use (years) 1.13 [0.89–1.44] 0.309 

Baseline HbA1c (%) 1.14 [0.99–1.31] 0.066 

eGFR (mL/min/1.73 m2) 0.98 [0.97–0.99] 0.004 

Year  2016 (Reference)   

2017 1.38 [0.59–3.22] 0.461 

2018 0.85 [0.40–1.80] 0.671 

2019 0.92 [0.49–1.74] 0.797 

Bold values indicate statistical significance (p < 0.05) Odds ratios are adjusted for variables in 
the model. SGLT-2: Sodium–Glucose Cotransporter 2; HbA1c: Glycated Hemoglobin; eGFR: 
Estimated Glomerular Filtration Rate;  
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6. Discussions 

6.1 The prevalence and trends of CVD among patients with DM 

According to our study results, the prevalence of CVD, such as AMI, stroke, and CAD, 

among T2DM patients in Hungary was 33.8% in 2009, 23.8% in 2024, and 29.4% in 2019. A 

decreasing trend was observed in these 10 years, especially for AMI and CAD.    

Concerning the prevalence of CVD in individuals with DM, CVD is an important 

comorbidity among these patients, and the prevalence varies across studies and regions. A 

systematic review conducted worldwide found that CVD occurs in 32.2% of T2DM patients, 

and CVD is responsible for half of all deaths in this population [5]. A study conducted in Spain 

found that the prevalence of CVD among patients with T2DM ranged from 6.9% to 40.8% 

[83]. A German study found that the prevalence of CVD in patients with T2DM ranged from 

36.3% to 57.1%, depending on the definition and follow-up period [84]. A meta-analysis 

conducted in India found a prevalence of CVD of 21.1% (95% CI: 17.9–24.7%) among patients 

with T2DM [85]. These studies highlight the significant burden of CVD in patients with DM 

and emphasize the importance of early prevention and integrated management of the disease 

to improve clinical and economic outcomes. 

However, when considering the prevalence trends of CVD among patients with DM, 

most studies worldwide have observed a decreasing trend. For example, studies conducted in 

Asian countries, including Taiwan between 2005 and 2014 [86] and South Korea between 2006 

and 2013 [87], found decreased trends of CVD in patients. The same pattern has also been 

observed in Australia [88] and Russia [89].  

This implies that although cardiovascular complications of DM continue to be the 

primary comorbidity in this population, the prevalence of CVD among patients with DM is 

declining. The increasing use of new generation of medications like SGLT-2 inhibitors and 

GLP-1, which have been demonstrated to have cardioprotective effects through multiple 

mechanisms, as well as socioeconomic factors that considerably affect blood sugar control in 

diabetes, such as the population's income, education, and the quality and accessibility of health 

care services, maybe the cause of this trend of declining CVD prevalence among patients with 

DM, which is primarily seen in developed nations. This pattern is consistent with the decreasing 

trend in CVD prevalence among patients with DM in Hungary, as identified in our study.  
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6.2 Risk factors for CVD in patients with DM 

Our first study, which assessed the risk of CVD among patients with DM, found that 

demographic factors such as age group and gender, comorbidities such as high blood pressure, 

dyslipidemia, and depression, and socioeconomic factors including education and percieved 

income levels influence the risk of CVD in patients with DM among the Hungarian population. 

This study is based on pooled data derived from three waves of EHIS data does not specify 

DM type, but given that about 90% of cases are T2DM, the findings can cautiously be 

interpreted as primarily reflecting T2DM. 

Age is considered a risk factor for both DM and CVD. Most studies have shown that 

the risk of CVD in people with DM increases with age [90]. This is explained by the fact that 

the duration of DM increases with age, risk factors such as hypertension and dyslipidemia 

worsen [91], and at the cellular level, it is explained by multiple mechanisms, including 

mitochondrial and endothelial cell dysfunction and chronic inflammation [92]. When 

examining this pattern more closely, nevertheless, the age at which a patient receives a 

diagnosis of DM becomes more noteworthy. People who are diagnosed with diabetes early in 

life, for instance, are more vulnerable to developing CVD than those who are diagnosed later 

in life [93]. Thus, in patients with DM, the length of DM duration is more important when 

examining the link between age and CVD risk. Therefore, from any perspective, age is a major 

factor affecting CVD in patients with DM, and our study results show that the risk of CVD 

increases with age in patients with DM, which is consistent with the abovementioned pattern.  

Another non-modifiable factor that influences the risk of CVD in patients with DM is 

gender. This effect is seen to be due to the combination of biological, behavioral, and 

psychological factors.   Several studies have demonstrated that women with T2DM exhibit a 

greater cardiovascular risk compared to men. For instance, Terzik et al. reported that women 

with diabetes have a 27% higher risk of stroke and a 44% higher risk of AMI than their male 

counterparts [62]. The impact of gonadial hormones may be responsible in part for this 

difference. In premenopausal women, protective properties of estrogen against CVD are linked 

to a lower risk as compared to younger women and males. However, after menopause, this 

impact quickly decreases, resulting in a considerable rise in cardiovascular risk [94]. This 

increased risk in women is also influenced by behavioral variables, such as inadequate 

glycemic control and insufficient management of cardiovascular risk factors [95]. Furthermore, 

these disparities become even worse by socioeconomic determinants, such as women's poor 

access to healthcare, underscoring the complex nature of the issue [96]. Despite this, additional 

research has shown that males with T2DM are more likely than women to experience 
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macrovascular problems, especially CAD [97]. This heightened risk is attributed to the greater 

prevalence of cardiovascular risk factors among men, including hypertension, dyslipidemia, 

smoking, and excessive alcohol consumption[98]. All these factors combine to make men with 

DM more vulnerable to serious cardiovascular consequences. Our study's results show that, in 

the Hungarian population, male DM patients are more likely to have cardiovascular problems 

than female patients. These findings highlight how urgently focused interventions are needed 

to reduce cardiovascular risk factors in this population.  

One of the main factors that increases the risk of CVD in patients with DM is 

hypertension. For example, almost 70 percent of patients with DM have hypertension, which 

has been shown to increase their risk of CVD by 2.5 times [99]. Considering the underlying 

risk factors for DM and hypertension are so interchangeable, patients with DM who also have 

hypertension are more likely to develop CVD [100]. Several pathological mechanisms can 

explain these. First, hypertension impairs the normal function of endothelial cells. In patients 

with DM, endothelial normal function is also impaired due to hyperglycemia, then, the normal 

activity of the endothelium is further impacted by these combined circumstances [101]. High 

blood pressure also increases the risk of chronic kidney disease (CKD) in patients with DM, 

and CKD is another risk factor for CVD in patients with DM [102]. Hypertension associated 

with DM causes vascular inflammation,  oxidative stress, and mitochondrial dysfunction, 

which strongly influences the risk of CVD in patients with DM [103]. Our study results confirm 

the pattern, as hypertension increases the risk of CVD by 1.53 times in patients with DM in 

Hungary. 

Dyslipidemia, a major risk factor for CVD, plays a primary role in the development of 

cardiovascular complications, including ASCVD, in patients with DM. It has been found that 

70-90 percent of people with DM have dyslipidemia, which increases the likelihood of plaque 

formation in the vascular wall under the effects of hyperglycemia and IR during DM, and 

oxidative stress and inflammation also have a strong impact on this process [104]. Due to these 

factors, the atherosclerotic plaques that form on the vessel walls in people with DM are more 

unstable than those in people without DM, which can rupture easily, further increasing the risk 

of cardiovascular complications [105]. Our findings support earlier research by demonstrating 

that patients with dyslipidemia, particularly hypercholesterolemia, had an increased risk of 

CVD in Hungarian patients with DM. 

Depression is one of the most common comorbidities in patients with DM, and it is 

associated with DM complications, such as CVD, through biological, psychological, and 

lifestyle factors [106]. The biological factors that primarily link CVD and depression in patients 
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with DM are hyperglycemia, chronic inflammation, and dyslipidemia. Chronic hyperglycemia 

induces chronic low-grade inflammation and oxidative stress, which are biological factors that 

contribute to the development of both CVD and depression [107]. Consequently, depressed 

patients with DM are more likely to refuse to take regular blood sugar-lowering medications, 

monitor their blood sugar regularly, and adhere to their diet and exercise regimens, which can 

worsen blood sugar control and increase the risk of complications such as CVD [108]. On the 

other hand, the lifelong treatment and monitoring of a chronic condition like DM can 

predispose patients to depression, which exacerbates the biological and behavioral factors 

mentioned above, creating a vicious cycle of depression that worsens DM management [109]. 

Our study also found that depression strongly influences the occurrence of CVD in patients 

with DM in the Hungarian population, which confirms the importance of psychological care in 

diabetes management.  

Socioeconomic factors such as percieved income, education, and access to health care 

are considered to be strong factors that influence the development of diabetes complications. 

For example, a cross-sectional study conducted in Hungary found that diabetes-related 

mortality was 30% higher than the national average among the population in the lowest 

socioeconomic regions of the country and that low educational levels doubled the risk of DM-

related mortality [110]. Educational attainment is directly related to access to health care, and 

in many cases, higher educational attainment is associated with higher health literacy, which 

improves diabetes management and reduces CVD risk [111]. Similarly, low levels of percieved 

income increase the risk of CVD in people with DM by increasing stress and the impact of risk 

factors such as poor diet and physical inactivity [112]. In addition, people with low incomes 

are less likely to receive preventive screenings and visit the doctor for medical conditions such 

as DM, which may lead to late diagnosis, which further increases the risk of developing 

diabetes complications [113]. According to our research, the risk of CVD is half that of those 

in the low-income category and is more than 30% lower for those with higher education than 

for those with only an elementary or secondary school. This emphasizes how crucial equality 

in society is to managing DM.  

Lifestyle factors such as obesity, smoking, and alcohol consumption are considered risk 

factors for both DM and CVD. However, the direct contribution of these factors to CVD risk 

in DM patients is unclear due to the complexity of their interactions. For example, people with 

DM are at increased risk of CVD due to obesity, which is one of the major risk factors, and this 

risk is reduced when patients lose weight, as dyslipidemia and insulin sensitivity improve 

[114]. Nonetheless, some research has indicated a U-shaped association between CVD and 
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obesity in patients with DM. That is, compared to those of normal weight, those who are 

overweight or obese have a lower risk of CVD [115]. Similarly, there is a paradox in the effects 

of alcohol consumption on CVD risk in patients with DM. Heavy alcohol consumption 

increases blood pressure and triglycerides and promotes cardiomyopathy, but moderate alcohol 

consumption has been shown to protect patients with DM from CVD risk [116]. Smoking is 

also one of the main risk factors for CVD in people with DM, but this risk may not be apparent 

depending on the presence of other risk factors, such as obesity, hypertension, and dyslipidemia 

[117]. Additionally, smoking increases the risk of "silent ischemia," or asymptomatic CVD, 

which may be another factor contributing to the underreported CVD in patients with DM [118]. 

Our study did not identify any association between these lifestyle factors and CVD risk in 

patients with DM, which may be related to the complex mechanisms described above. 

6.3 Association between clinical laboratory parameters and CVD risk in patients with 
T2DM 

The second study, which aimed to assess CVD risk among patients with T2DM using 

clinical laboratory parameters, found that variables such as lipid profile, creatinine, eGFR (as 

indicators of kidney function), and annual HbA1c testing—reflecting appropriate care—were 

associated with increased CVD risk, highlighting their potential utility in risk stratification and 

informing risk-based management. 

One of this study's most important findings was the relationship between kidney 

function tests and CVD in patients with T2DM. Diabetic nephropathy (DN) is highly prevalent 

among patients with T2DM, with 25-40% having DN [119, 120], a rate very close to that of 

CVD but the second most common co-morbidity in patients with DM. Moreover, DN has been 

shown to increase the risk of CVD in patients with T2DM, and it has been reported that the 

risk of CVD in diabetic patients with DN is almost twice that of patients without DN [121].  

Multiple mechanisms explain this pattern. First of all, DN is caused by renal 

microangiopathy, which raises the risk of CVD by increasing arterial pressure and vascular 

resistance [122]. Additionally, endothelial dysfunction and systemic inflammation are 

indicated by microalbuminuria, an early symptom of DN, which raises the risk of CVD [123]. 

Also, inflammation caused by T2DM and DN can aggravate atherosclerosis, which can lead to 

CVD [124]. The components of the metabolic syndrome in T2DM, including obesity, 

dyslipidemia, and IR, negatively affect both the cardiovascular system and renal function [125]. 

Not only DN but also CKD contributes to the increased risk of CVD in patients with T2DM. 

One of the primary causes of CVD, including HF in patients with T2DM, is considerable left 
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ventricular hypertrophy, which is brought on by hypertension and an increase in the volume of 

blood in circulation in patients with CKD [126]. Given both DN and CKD are known to 

increase the risk of CVD in patients with T2DM, kidney function tests can be used to evaluate 

this risk.  

Our study results suggest that decreased eGFR levels are associated with an increased 

risk of CVD in patients with T2DM. This is further supported by strong evidence of a difference 

in serum uric acid levels between diabetic patients with and without CVD. Both elevated and 

lowered blood creatinine levels were linked to an increased risk of CVD in patients with T2DM, 

according to the results of the Chi-square test. These findings suggest that other variables that 

lower blood creatinine levels also play a role in this occurrence, in addition to impaired kidney 

function brought on by the causes above. The main mechanism that could explain this pattern 

may be the accumulation of adipose tissue and loss of muscle mass in patients with T2DM. 

When there is a substantial loss of muscle mass and a large accumulation of fat in the body, 

serum creatinine levels decrease, increasing the risk of CVD [127-129]. This hypothesis is 

further supported by the fact that this pattern is more pronounced in older adults who lose 

substantial muscle mass [130] and in people diagnosed with sarcopenia [131]. 

Clinical laboratory parameters such as lipid profile, which includes triglycerides, LDL, 

and total cholesterol, which are laboratory indicators of dyslipidemia, are thought to be 

important in determining the risk of CVD [132]. Dyslipidemia is characterized by elevated 

levels of TG, LDL, and total cholesterol, and reduced HDL [133]. The pathophysiological 

mechanisms linking dyslipidemia to CVD in T2DM are multifaceted, involving accelerated 

atherosclerosis due to lipid accumulation in arterial walls, endothelial dysfunction, and 

increased inflammatory responses, all of which exacerbate macro- and microvascular damage 

in highly vascularized organs such as the heart, kidneys, and peripheral vasculature[134]. The 

importance of lipid profiles in T2DM is further underscored by robust evidence demonstrating 

that lipid-lowering therapies, such as statins [135, 136] and, in some cases, fibrates [137] or 

PCSK9 inhibitors [138], suggestively reduce the risk of cardiovascular events in patients with 

T2DM. These therapies work by lowering LDL cholesterol, stabilizing atherosclerotic plaques, 

and reducing systemic inflammation, thereby mitigating the progression of CVD. For instance, 

large-scale clinical trials, such as the Collaborative Atorvastatin Diabetes Study [139] and the 

Heart Protection Study [140], have shown that statin therapy reduces major cardiovascular 

events by 20–30% in T2DM patients, even in those without prior CVD.   

Our study findings align with this body of evidence, demonstrating that lipid profiles, 

particularly elevated triglyceride levels, are reliable markers for CVD stratification in patients 
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with T2DM. Triglycerides, in particular, have emerged as a key biomarker due to their 

association with insulin resistance, a hallmark of T2DM, and their role in promoting 

atherogenic dyslipidemia, characterized by small, dense LDL particles and low HDL 

cholesterol. Elevated TG levels contribute to the formation of atherogenic plaques, increasing 

the likelihood of coronary artery disease, myocardial infarction, and stroke [141, 142]. Our 

results are consistent with other observational and interventional studies, which have similarly 

identified TG as an independent risk factor for CVD in T2DM patients. For example, the 

FIELD (Fenofibrate Intervention and Event Lowering in Diabetes) study demonstrated that 

targeting TG with fibrates in T2DM patients reduced cardiovascular events, particularly in 

those with marked hypertriglyceridemia [143].  

Because hyperglycemia is a major pathogenic factor in T2DM, and it has been proven 

that it contributes to the formation of atherosclerotic plaques in the vascular wall [144], it can 

be assumed that blood sugar levels and related clinical parameters, including HbA1c and TyG 

index, can be used to assess the risk of CVD in patients with T2DM.  The direct relationship 

between blood glucose levels and CVD risk in T2DM is well-documented. For instance, it has 

been demonstrated that the risk of CVD in individuals with T2DM is directly correlated with 

fasting plasma glucose, 2-hour postprandial glucose [145]. These markers reflect acute 

fluctuations in blood sugar, which can exacerbate vascular damage through mechanisms such 

as glycation of proteins, increased reactive oxygen species, and activation of pro-inflammatory 

pathways [146]. Similarly, HbA1c, which measures average blood glucose levels over a 2–3-

month period, has been consistently linked to CVD risk in T2DM patients [147]. The ADA and 

other global guidelines recommend maintaining HbA1c levels below 7% for most T2DM 

patients to reduce CVD risk, although individualized targets may be necessary based on patient 

age, comorbidities, and risk of hypoglycemia [148]. 

In addition to traditional glucose markers, the TyG index, calculated as the product of 

fasting triglyceride and glucose levels, has emerged as a promising tool for CVD risk 

stratification in T2DM patients. The TyG index serves as a surrogate marker of insulin 

resistance [149], a key feature of T2DM that contributes to both dyslipidemia and 

hyperglycemia, thereby amplifying cardiovascular risk [150]. TyG index is considered to 

predict the 10-year CVD risk of patients with T2DM, even though intermediate to high levels 

of prediction are questionable [151].  Although there was no association between these clinical 

laboratory markers and the risk of CVD in individuals with T2DM, our investigation showed 

that blood sugar control is crucial for detecting CVD in these patients. In contrast, we created 

a variable, “proper care” based on the number of HbA1c measurements per year to assess the 
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influence of better blood sugar control on the development of CVD in patients with T2DM. 

This is because measuring HbA1c every 6 months indicates that the patient's blood sugar 

control is sufficiently good. However, measuring it less or more frequently suggests that the 

person's blood sugar is either not controlled or is difficult to control and, therefore, requires 

more frequent measurements [152]. 

6.4 Cardioprotective effects of SGLT-2 inhibitors in patients with T2DM   

The third study conducted within the framework of this thesis, which aimed to 

determine the effect of some novel blood sugar-lowering drugs, such as SGLT2 – inhibitors, 

on the risk of CVD in patients with T2DM, found that HbA1c, atherosclerosis, AMI, peripheral 

artery disease, and nephropathy were directly related to the risk of HF in patients with T2DM, 

while the use of SGLT2-inhibitors and increased eGFR were shown to have a protective effect 

against HF in these patients.  

The primary outcome of this study is HF, which is defined as a condition in which the 

heart cannot supply the body with the necessary blood flow due to various pathological factors 

[153]. These factors include atherosclerosis, AMI, peripheral artery disease, nephropathy, and 

long-term uncontrolled hyperglycemia or HbA1c, all of which were identified as risk factors 

in the study.  

By inhibiting the proximal tubule of the kidney nephron from reabsorbing glucose from 

the primary urine into the blood flow, SGLT-2 inhibitors reduce blood sugar levels by 

increasing the quantity of glucose expelled from the body in the urine and lowering blood 

glucose levels [154]. Its mechanism of action, however, goes beyond just lowering blood sugar; 

it also improves vascular function by restoring tubuloglomerular feedback, which lowers blood 

pressure and intratubular pressure [155]. This reduces hypoxia and tubular workload, which in 

turn reverses the pathways of ketone body production and promotes autophagy. These 

medications have also been demonstrated to improve lipid profiles, modify mitochondrial 

activity, and have anti-inflammatory and antifibrotic effects [156]. As a result of all these 

mechanisms, SGLT2-i has been shown to have cardioprotective effects in patients with DM, 

which is further confirmed by the results of our study.  

The cardioprotective effects of SGLT2-i in patients with DM cannot be limited solely 

to the aforementioned mechanism of lowering blood sugar by increasing urinary glucose 

excretion.  At the cellular level, SGLT-2i reduces inflammation and oxidative stress while 

improving mitochondrial function, which is important in reducing damage to heart muscle cells 

[157]. Among these, the anti-inflammatory effects of SGLT-2 inhibitors have been shown to 
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have a strong cardioprotective effect in patients with T2DM. Specifically, these agents reduce 

the synthesis of inflammatory mediators by reducing pro-inflammatory mechanisms through 

activating AMP-activated protein kinase (AMPK). It also helps to inhibit pathological 

mechanisms related to the inflammatory process, such as NLRP3 inflammasome and NF-kB 

activation [158].  

As mentioned above, oxidative stress is one of the main contributing factors to the 

development of cardiovascular complications in patients with T2DM, and SGLT-2 inhibitors 

have been shown to reduce oxidative stress by reducing key markers of oxidation and 

increasing main anti-oxidative enzymes in animal models and clinical trials [49].  

SGLT-2 inhibitors have been shown to exert cardioprotective effects by reprogramming 

nutrient uptake and metabolism in heart muscle cells. In patients with HF, the amount of 

nutrients transported to the heart muscle cells increases, but their proper utilization is disrupted, 

leading to reduced ATP synthesis and the accumulation of harmful glucose and lipid 

byproducts. These byproducts downregulate cytoprotective nutrient deprivation pathways, 

thereby increasing cellular stress and reducing cell survival. SGLT2 inhibitors restore cellular 

homeostasis through three complementary mechanisms, including direct interaction with 

nutrient deficiency and nutrient excess sensors to activate cytoprotective functions; promotion 

of mitochondrial health (mediated by increasing autophagy flux) and increasing ATP synthesis 

by addressing cytosolic iron deficiency; direct inhibition of glucose transporter type 1. As a 

result of these effects, cytosolic accumulation of toxic metabolic byproducts reduces and 

promotes the oxidation of long-chain fatty acids [159].  

Obesity is a major risk factor for both T2DM and CVD. Therefore, the cardioprotective 

effects of SGLT-2 inhibitors are thought to be directly related to their weight-reducing effects. 

For example, when overweight and obese people without T2DM were given an SGLT-2 

inhibitor to lose weight, their weight and fasting blood sugar levels were reduced more than in 

the placebo group, but there were no changes in their waist circumference, fat mass, blood 

pressure, or lipid parameters [160]. However, this weight loss effect may not be as pronounced 

due to the effects of counter-regulatory mechanisms for weight maintenance, such as increased 

appetite, decreased energy expenditure, and hormonal effects, which are activated by calorie 

restriction and increased glucose excretion from the body [161].  Because weight loss reduces 

the risk of CVD, including HF, in patients with T2DM, it is clear that the cardioprotective 

effects of SGLT-2 inhibitors in patients with T2DM may be partly due to the effect of decreased 

body weight [162]. GLP-1 receptor agonists have also been shown to reduce the risk of obesity-

related HF and improve cardiac function by reducing body weight, supporting the idea that the 
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cardioprotective effects of SGLT-2 inhibitors are a consequence of their weight-reducing 

effects [163]. GLP-1 RAs use appetite-suppressing mechanisms to reduce body weight or act 

in opposition to the counter-regulatory mechanisms mentioned above, some researchers have 

suggested that combining SGLT-2 inhibitors with GLP-1 RAs may provide a clearer picture of 

how their weight-loss effects contribute to cardioprotection [164]. 

Results from clinical trials and systematic reviews based on their results have shown 

that SGLT-2 inhibitors reduce the incidence of CVD, cardiovascular death, and all-cause 

mortality in patients with T2DM [165, 166].  The findings of our study further support the idea 

that SGLT-2 inhibitors are a valuable therapeutic option for lowering the risk of CVD in 

patients with T2DM. However, as mentioned above, most of the studies currently conducted to 

determine the cardioprotective effects of SGLT-2 inhibitors are randomized clinical trials or 

laboratory experiments conducted in vitro and in vivo. These study designs, especially 

randomized clinical trials are considered the gold standard for evaluating the safety and 

effectiveness of new interventions, but their strict criteria limit the ability to generalize. In other 

words, RCTs cannot guarantee that the results of a clinical trial with strict criteria will be the 

same when a drug is used in real life in a population with different health, social, economic, 

and behavioral characteristics. Therefore, when evaluating the efficacy of a medication whose 

efficacy has been proven in clinical trials, real-world evidence is crucial [167].  Everyday 

clinical practice is represented in real-world data, which offer important insights into the safety 

and effectiveness of medications in a variety of groups [168]. Because our study examines the 

protective benefits of SGLT-2 inhibitors against HF in patients with T2DM using real-world 

data, it is deemed noteworthy.  

The findings across all three studies have important implications for multiple 

stakeholders. For clinicians, the results emphasize the value of regularly monitoring metabolic 

and renal markers, such as triglyceride levels and eGFR, in diabetes care to identify patients at 

higher cardiovascular risk. For health policymakers, the studies highlight the role of equitable 

access to care and early screening—particularly for vulnerable groups—as essential 

components of chronic disease prevention strategies. Public health experts can use these 

insights to design more targeted educational campaigns and interventions aimed at improving 

diabetes self-management and preventing complications. Finally, for researchers, the studies 

offer direction for further exploration of risk-associated markers and treatment effectiveness 

using longitudinal and real-world datasets. By integrating these findings into clinical and policy 

frameworks, it may be possible to improve outcomes for people living with diabetes in Hungary 

and similar populations. 
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6.5 Strengths, and limitations 

The main studies that form the basis of this thesis have several strengths and limitations, 

which allow for a balanced view of the scope and implications of the study. 

First, in terms of limitations, there is an increased likelihood of reporting bias when 

self-reported data is used in a study to identify CVD risk factors in patients with DM. It should 

be noted again that the pooled dataset derived from the three waves of EHIS does not 

differentiate between diabetes types; therefore, the findings of the first study apply to DM in 

general, rather than specifically to T2DM. Furthermore, the absence of important 

characteristics like disease severity and duration in the data used in this study made it more 

difficult to account for them. Another limitation is the use of BMI as a measure of obesity, as 

it does not account for fat distribution (central obesity) or body composition (muscle mass), 

which may reduce its accuracy in assessing cardiometabolic risk. Plus, the data in this study 

lacked laboratory parameters required to evaluate the patient's metabolic status, which made it 

more difficult to determine their current state of health. However, in subsequent studies, we 

included these parameters and used other data based on hospital records to assess CVD risk in 

patients with T2DM, which reduces the limitations mentioned above for this thesis. 

In the second study, the reliability of ICD-10 coding may be influenced by unknown 

clinical coding practices; however, as these codes are used in routine patient care, it is 

reasonable to assume that major coding errors are minimal. The second and third studies, which 

used laboratory parameters to determine the CVD risk of patients with T2DM, and the study 

evaluating the cardioprotective effect of SGLT2 inhibitors in patients with T2DM, used only 

hospital data (single-center design), which limits the possibility of representing the entire 

Hungarian population and all patients with DM in general. While the first study used nationally 

representative data, the subsequent hospital-based studies are inherently limited in their 

generalizability, and the findings should be interpreted in the context of the specific patient 

population examined, namely, individuals receiving care in a tertiary hospital setting, which 

may differ from those managed in primary care or community environments. 

Also, the data used in these studies had a relatively short follow-up period, which 

limited the ability to assess the long-term effects of treatment and how laboratory test 

parameters change over time. These studies used real-world data and, because each patient 

received different types of treatment depending on their clinical condition, it was impossible 

to directly assess the effectiveness of each of these treatments in lowering blood pressure, 

cholesterol, and blood sugar. Therefore, we were able to address this limitation by using the 



 51 

frequency of HbA1c measurements as an indicator of the appropriateness and effectiveness of 

the healthcare provided to each patient. 

In contrast, the studies included in this thesis have several strengths. In our first study, 

we used a comprehensive set of data, representative of the entire Hungarian population and 

collected and processed using robust data collection tools under the supervision of Eurostat and 

the Hungarian Central Statistical Office. The results of this study are then combined with 

results from well-documented, large sampled, real-world data in this thesis. The aggregation of 

real-world data over a certain period provided valuable insights into clinical outcomes in a 

typical healthcare setting. The combination of datasets helped to mitigate the individual 

limitations of each, thereby enhancing the overall robustness of the study. One of the key 

strengths of this thesis is the use of comprehensive and representative data sources. 

Subsequently, more advanced and accurate statistical analysis methods, such as Cox 

proportional hazard regression, logistic regression, and sample weighting, were applied to these 

data. This further increases the authenticity and reliability of the research results. 

Altogether, the strengths of the dissertation include its methodological rigor, the use of 

a representative dataset in the first study, and the consistency of findings with previous 

research. While this consistency supports the plausibility of the results, it does not by itself 

confirm their validity or generalizability for subsequent studies. On the other hand, limitations 

such as data discrepancies, potential bias, and the observational nature of the studies emphasize 

the need for further research, especially in broader and more diverse populations, to confirm 

and extend these findings. 
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Conclusions 
The results of the thesis, which used the pooled dataset derived from the three waves 

of EHIS, shed light on the prevalence of CVD and related risk factors among adults with DM 

in Hungary. Our results indicated a decreasing trend in the prevalence of CVD in individuals 

with DM and highlighted the need of regular screening for hypertension and 

hypercholesterolemia in addition to continuously monitoring mental health in DM patients. 

The findings also showed that lower economic status was associated with a higher prevalence 

of CVD, even while lifestyle factors did not increase the burden of CVD among DM patients. 

To fully comprehend the possible reasons for the noted decline in the prevalence of CVD, more 

investigation is necessary.  

The results of our next study show that in patients with T2DM, CVD is associated with 

decreased levels of eGFR, increased levels of triglycerides, and “proper care” (e.g., the number 

of annual HbA1c assessments). These results imply that laboratory markers, such as elevated 

triglycerides and decreased eGFR, have the potential as screening tools for detecting CVD in 

patients with T2DM. By using these markers, preventive interventions targeted at reducing 

cardiovascular complications in T2DM patients can be strategically implemented. 

Finally, regardless of gender, age, or HbA1c levels, SGLT-2 inhibitors appeared to 

provide a protective effect against HF in patients with T2DM, suggesting that these drugs may 

be useful in reducing the risk of CVD in this population. To improve therapy recommendations 

and patient outcomes, more research should examine the underlying mechanisms causing this 

connection and evaluate the long-term advantages across various clinical and demographic 

groupings. 
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New findings 
Study 1. Risk factors and prevalence of CVD among patients with DM 

• Based on the EHIS datasets (2009, 2014, and 2019), the overall prevalence of DM 

among the Hungarian population has increased over time, while, in parallel, the 

incidence of CVDs and related events among patients with DM has shown a decreasing 

trend. 

• According to the EHIS data, hypertension, hypercholesterolemia, depression, and low 

socioeconomic status were identified as significant risk factors for CVDs among 

Hungarian patients with DM. Conversely, lifestyle variables such as BMI, smoking, 

and alcohol consumption did not show a statistically significant association in the 

sample. 

Study 2. Evaluation of CVD risk using clinical laboratory parameters  

• A model for assessing CVD risk in patients with T2DM using laboratory test 

parameters. 

CVD risk in Hungarian patients with T2DM is elevated by increased serum 

triglycerides and decreased eGFR, while low serum creatinine levels were identified as 

a potential protective factor. Effective blood glucose control—measured by the 

frequency of HbA1c testing and the quality of care—may substantially reduce 

cardiovascular risk in Hungarian patients with T2DM. 

 

Study 3. Protective effect of SGLT-2 inhibitors against CVD in patients with T2DM 

• The use of SGLT2 inhibitors has been shown to significantly reduce the risk of heart 

failure in Hungarian patients with T2DM, independent of age, sex, and HbA1c levels. 
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Summary 
The incidence of DM is increasing worldwide, and CVD is one of the leading causes 

of mortality in these patients. Therefore, this thesis aims to identify risk factors for CVD among 

the Hungarian population with DM, to identify opportunities for evaluating the risk of CVD in 

these patients, and to find ways to prevent CVD in patients with DM. Within the framework of 

this thesis, we have completed three separate studies. 

The results of this thesis indicate that, in addition to age and gender, cardiovascular risk 

factors such as hypertension and hypercholesterolemia increase the risk of CVD in patients 

with DM, which highlights the importance of interventions to regularly monitor and maintain 

these risk factors in patients with DM. In addition, depression is one of the risk factors for CVD 

in patients with DM, indicating the importance of ongoing mental health care for these patients. 

While socioeconomic factors such as education level and percieved income level have been 

found to negatively affect the risk of CVD in patients with DM, lifestyle factors such as BMI, 

smoking, and alcohol consumption have not been found to have effect among this population. 

When the period of data collection was included in the multivariate model for determining the 

risk factors for CVD in DM, a trend of decreasing the risk of CVD in the Hungarian population 

from 2009 to 2019 was observed, and it was considered necessary to determine in detail which 

factors contribute to this trend. 

In a study evaluating the risk of CVD in patients with T2DM, the risk was found to be 

associated with age and gender, as well as clinical laboratory parameters related to lipid 

metabolism—such as total cholesterol, LDL, and triglycerides—and renal function markers 

including uric acid, creatinine, and eGFR, with strong evidence supporting these associations. 

In a Cox proportional hazards regression analysis evaluating the risk of CVD in patients with 

T2DM, there was evidence that elevated triglyceride levels and reduced eGFR were associated 

with an increased risk of CVD, while lower serum creatinine levels were associated with a 

reduced risk. This demonstrates these laboratory parameters are important in assessing the risk 

of CVD in patients with T2DM, and thus in reducing and preventing the risk. In addition, the 

risk of CVD was lower in patients with "proper care" or HbA1c measured once every 6 months, 

indirectly indicating that regular monitoring of blood sugar and maintaining it at an appropriate 

level is important in reducing the CVD risk in these patients. 

Our initial research demonstrated that the prevalence of CVD is declining among 

patients with DM in Hungary, and lifestyle-related modifiable risk factors did not considerably 

affect CVD risk for these patients. We hypothesized that this pattern of declining CVD 
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prevalence in patients with DM may be related to the quality of diabetes care, particularly the 

effects of some new-generation blood sugar-lowering medications, as the second study found 

that the "proper care" variable had a substantial impact on the risk of CVD. Therefore, we 

examined the effects of blood sugar-lowering medications on the risk of CVD in patients with 

T2DM, and the third study conducted within the thesis found that SGLT-2 inhibitors have a 

protective effect against HF in patients with T2DM. 
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