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Abstract

:

(1) Background: Cognitive decline (CD), considered a precursory state of dementia, is frequently encountered in patients with diabetes mellitus type 2 (DM-2) and might even have a higher prevalence in those with associated atrial fibrillation (AF). In this study, we aimed to research if the association of DM-2 and AF favors a precocious onset of CD. (2) Methods: This study was conducted on 160 patients, featuring 50 with DM-2, 54 with DM-2 and AF, and 56 subjects without DM-2 and AF, all evaluated clinically and with five neuropsychiatric scales. (3) Results: The Mini-Mental-State-Examination (MMSE), Montreal Cognitive Assessment (MoCA), Activities of Daily Living Score (ADL), Instrumental Activities of Daily Living Score (IADL), and Geriatric Depression Scale (GDS-15) were significantly altered in patients with DM-2 and AF in comparison to patients without these diseases. The logistic regression model indicated that, in patients with DM-2 and AF, an increase of one year in age is associated with a 7.3% augmentation of the risk of a precocious onset of CD (MMSE < 27). (4) Conclusions: CD is more frequent in patients with DM-2, especially when associated with AF, versus those without DM-2 and AF. Our findings suggest that an older age and associated dyslipidemia represent risk factors for CD in patients with DM-2.
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1. Introduction


Along with the progressive increase in the populations’ life expectancy, worldwide, healthcare systems have to cope with the burden represented by multiple age-related degenerative disorders, among which cognitive decline (CD) represents one of the most invalidating conditions [1]. This is defined as a decrease in performance in one or more cognitive domains, such as integrated attention, decision-making, learning and memory, communication, perception, motor, or social cognition [2]. The CD includes a broad spectrum according to its impact on a patient’s independence, ranging from mild (when the subject is still capable of caring for him/herself) to severe CD (when this ability is partially lost) [3]. CD represents a precursory state for dementia, which is considered a global challenge, as it alters the patient’s functional status and leads to a progressive loss of independence, with the patient becoming unable to take care of him/herself and having to rely on additional support offered by their family or local social assistance centers [4]. CD remains frequently undetected, especially in elderly patients with associated comorbidities. As individuals with CD have a 10% annual likeliness to develop dementia, it is of utmost importance to detect alterations in cognitive function as soon as possible.



The mechanisms that are responsible for the development of CD are multiple and not entirely understood, but the role of atherosclerosis of the cerebral arteries is generally accepted. Diabetes mellitus type 2 (DM-2) is also considered to favor the early onset of systemic atherosclerosis [4,5]. DM-2 is a common pathology in our society, being called the “global pandemic of the 21st century” by Standl as, in 2017, it reached a global incidence of 8.8%, and its prevalence rises every year [6]. DM-2 affects predominantly adults, between 40 and 59 years, from low- and middle-income countries, possibly due to a higher prevalence of obesity and insulin resistance (IR) in these regions [7]. DM-2 is associated with a 1.5-fold increased risk of developing CD and dementia, and over 45% of diabetic patients show signs of mild CD [8]. DM-2 may favor the early onset of CD through several mechanisms: (1) subclinical and clinical atherosclerosis; (2) neurodegenerative effects of hypo- and hyperglycemia; and (3) IR increases the generation of beta-amyloids in the brain, also determining cerebral neurodegenerative effects by itself. IR is involved in the development of both DM-2 and atherosclerosis, playing a pivotal role in the progression of these pathologies [7,8,9,10,11].



Atrial fibrillation (AF) is another chronic cardiovascular disease (CVD) associated with more advanced age. It is the most frequent arrhythmia, with a prevalence of 1–3% in the general population and even higher (11%) in elderly patients [12,13]. It is associated with an up to 2.4-fold increase in the risk of developing CD or even dementia [14]. Sometimes, AF is fortuitously diagnosed in patients with silent brain infarcts or those suffering an unexpected stroke, but in recent years, CD has also been encountered in patients with AF even without evidence of a stroke [15]. AF may favor the earlier onset of CD mainly by subclinical atherosclerosis in the cerebral small arteries, but cognitive impairment can also occur through brain hypoperfusion, a proinflammatory state, and microhemorrhages in patients treated with chronic anticoagulant therapy, thus leading to cerebral atrophy [3,16,17,18].



In recent decades, due to the increasing prevalence of both DM-2 and AF worldwide, these pathologies are frequently diagnosed in the same patient [19,20]. Although it is known that DM-2 and AF represent individual risk factors for CD, there a few studies have analyzed their combined effect. There is an urgent need for a better understanding of the factors responsible for the development of cognitive impairment among patients with DM-2 and AF, as well as of the potential underlying pathophysiological mechanisms, in order to develop superior strategies for the management of DM-2 and AF, thus preventing the occurrence of CD and its progression to dementia among these patients.



Our study aims to determine the impact of different risk profiles on the precocious onset of CD, and on its severity, focusing on the association of DM-2 with AF.




2. Materials and Methods


2.1. Study Population


From all patients admitted between 5 January 2022 to 31 December 2023 in the internal medicine or the neurology department of the Municipal Emergency Hospital Timisoara for CVD or neurologic pathology, 104 subjects with DM-2 who showed signs of CD but had not been yet diagnosed with CD or dementia (and were not treated for these pathologies) met our inclusion criteria. We selected an age-matched group of 56 subjects with CVD but without DM-2 and/or AF. All patients received optimal medical therapy for their stable, chronic conditions, including statins, and those with DM-2 were treated with oral glucose-lowering medication. According to the presence of AF and/or DM-2, we divided our patients into 3 groups: Group A—50 patients with DM-2, Group B—54 subjects with DM-2 and AF, and Group C—56 age-matched subjects, without AF and DM-2, but with chronic CVD or with a very high cardiovascular risk profile (CVRP).



Inclusion criteria were: (1) age over 45 years; (2) signs of cognitive impairment without a previous diagnosis of CD or dementia; (3) history of CVD, and/or DM-2; (4) patients with very high CVRP.



Exclusion criteria: (1) unable or unwilling to sign the informed consent form; (2) uncontrolled DM-2 requiring insulin therapy; (3) acute decompensated CVD: acute myocardial infarction, acute heart failure, etc.; (4) other acute or decompensated pathologies; (5) uncontrolled systemic hypertension (SH); (6) patients with low compliance to the recommended lifestyle measures and medication; (7) chronic unhealthy habits, such as alcohol and drug abuse; (8) significant previously diagnosed mental illnesses; (9) without CD.



All patients underwent a detailed clinical examination in tandem with cardiologic and neurologic evaluations. The clinical assessment consisted of medical history, clinical examination, registration of systolic blood pressure (SBP), diastolic blood pressure (DBP), and heart rate (HR). Demographic and laboratory data were obtained for all patients from the hospital’s medical records to determine other associated cardiovascular risk factors, lipid profile, as well as renal and liver functions. The diagnosis of SH, chronic heart failure (CHF), chronic coronary syndrome (CCS), and the classification of the CVRP was realized based on patients’ medical history according to guideline recommendations [21,22]. DM-2 was diagnosed based on the medical history, basal blood glucose (BBG), and glycated hemoglobin levels. Cranial computed tomography was not considered mandatory for the diagnosis of CD. A transthoracic echocardiography (TTE) was performed in all patients to determine cardiac abnormalities. In patients with DM-2 and AF, we calculated the CHA2DS2-VASc score. In all patients, a rest electrocardiogram (ECG) was performed, and a Doppler carotid artery ultrasound was employed to evaluate the presence of atherosclerotic plaques and to determine intima-media thickness (IMT). An ankle−brachial index (ABI) was also assessed.



The presence and severity of CD were determined by a senior physician in neurology with the help of several scales that are widely employed in healthcare units and available free of charge in Romanian: Mini-Mental State Examination (MMSE), Montreal Cognitive Assessment (MoCA), Activities of Daily Living (ADL), Instrumental Activities of Daily Living (IADL), and the Geriatric Depression Scale GDS-15.



The study was conducted according to the guidelines of the Declaration of Helsinki and was approved by the Institutional Review Board of the Municipal Emergency Hospital Timisoara, Romania No. E1518/17.03.2021.




2.2. Clinical Assessment


2.2.1. Parameters to Assess Subclinical Atherosclerosis


	(a)

	
IMT: A General Electric Vivid E9 ultrasound system was used to calculate the IMT value of all patients in the study. IMT was measured bilateral, at the level of the distal wall of the common carotid artery (CCA), 1 cm from the carotid bulb, with a 9 L MHz transducer. For each patient, 10 measurements were taken and average values were recorded.




	(b)

	
The ABI measurement is a non-invasive and quick test to verify the presence of peripheral artery disease (PAD). A score between 1.0 and 1.4 represents a normal ABI score, thus indicating no signs of PAD, while a score between 0.91 and 0.99 indicates borderline PAD, and a score lower than 0.9 designated the presence of PAD [23].








2.2.2. Triglyceride-Glucose index (TyG)


The TyG is a reproducible, noninvasively, and accessible parameter for assessing IR that is independent of ongoing glucose-lowering medication [7]. It is calculated with the following formula: ln[BBG(mg/dL) × TG (mg/dL)/2], where TG means fasting triglyceride levels. TyG is considered a surrogate marker for IR, as it correlates with lipotoxicity and glucotoxicity [7,10]. A close connection has been demonstrated between TyG and DM-2, endothelial dysfunction, SH, CVD, and stroke [11,24] According to experts, the normal cut-off values of TyG vary widely between 4 and, due to the location of 2 in the TyG index formula [7,8,9].




2.2.3. Neuropsychological Tests


	(a)

	
The Montreal Cognitive Assessment (MoCA) is a scale used to detect cognitive disorders. Its administration takes approximately 10 min, scores range between 0 and 30, and it analyzes several cognitive functions, such as orientation, language, visuospatial ability, working memory, short-term memory recall task, attention, concentration, executive functions, a two-item verbal abstraction task, a phonemic fluency task, and a three-dimensional cube copy. The MoCA is effective for the early identification of CD and signs of dementia. Values over 26 can be considered normal, while one under 26 indicates CD [25].




	(b)

	
The Mini-Mental State Examination (MMSE) is a scale with a duration of 10 min that is employed for the evaluation, detection, and quantification of CD, as well as for follow-ups. Its scores range between 0 and 30 points, and it analyzes several parameters of cognitive function (orientation, attention, recall, calculation, construction practices, and language manipulation). A score between 24 and 27 may represent an initial decrease in cognitive function compared to normal, while scores under 24 indicate the onset of dementia. MMSE examination is utilized for the screening of CD in regard to assessing its severity and progression, as well as to analyze a patient’s evolution. This score should be analyzed according to the level of education and age of the subject [26,27]; thirty is the maximum value, while scores equal to or lower than 24 are representative of dementia [26,28]. Additionally, a score between 24 and 27 means mild CD.




	(c)

	
Activities of daily living (ADL) is employed to evaluate the patient’s daily activities. Its application lasts approximately 10 min, and it analyzes 5 domains of the patient’s daily functional state (eating, personal hygiene, dressing, maintaining continence, and transferring/mobility). The score is between 0 (reduced functionality) and 10 (increased functionality or normal) [29,30].




	(d)

	
Instrumental Activities of Daily Living (IADL) is used to analyze the patient’s daily practical activities, an evaluation taking approximately 10 min. The IADL test involves an interview with the patient or a written questionnaire. It includes 8 more areas for evaluating the ability to function and daily care, such as shopping, cooking, or financial management, with a cumulative score ranging from 0, which represents low functionality, to 8, which represents high functionality [29,30].




	(e)

	
Geriatric Depression Scale (GDS-15) is a scale with 30 questions used to highlight the presence of depression among patients. It is a shorter version of the GDS, with 15 questions. Its administration takes about 10–15 min and is easier to apply in older patients or in those with CD, where a smaller number of questions is necessary [31,32]. Scores below 4 are considered normal, those between 5 and 8 indicate mild depression, scores between 9 and 11 indicate moderate depression, and scores between 12 and 15 indicate elements of severe depression. The obtained scores may provide information related to the presence or not of elements of depression and/or CD [32,33].







While each of these scales is commonly used to assess CD, each has its own strengths and limitations, and in order to minimize biases, we applied them all. The MMSE and MoCA scales are the most widespread neuropsychometric CD and dementia assessment tools; they complement each other and can be used for the screening, diagnosis, evaluation, and follow-up of cognitive disorders. To evaluate the patient’s self-care capacity, we applied the ADL and IADL scales. Patients with CD and associated CVD are prone to develop depression, which is why we employed the short version of the GDS-15 scale.




2.2.4. Transthoracic Echocardiography (TTE)


TTE was performed according to guidelines recommendations [34] using a General Electric Vivid E9 ultrasound system with a M5S MHz transducer to evaluate the left ventricular (LV) and left atrial (LA) dimensions and functions.



We measured the standard diameters and volumes of cardiac structures and assessed LV performance by measuring the LV ejection fraction (LVEF), employing the modified Simpson rule. We determined the trans-mitral flow velocities in a pulsed Doppler from an apical window by placing the probe in a parallel alignment with the mitral blood flow to quantify the maximum velocity of the early filling wave (E-wave). To assess LA dimensions, we measured its diameter from a 4-chamber view in end-systole [34].




2.2.5. CHA2DS2-VASc Score


The CHA2DS2-VASc score for assessing the AF Stroke Risk is used to evaluate the risk of stroke in patients with AF. The score matches the presence of the following pathologies to a number: CHF to 1, SH to 1, age equal to or over 75 years to 2, DM-2 to 1, stroke/thromboembolism to 2, PAD to 1, age between 65 and 74 years to 1, and female gender that confers a higher risk to 1. The higher the score, the greater the risk of stroke, and, therefore, oral anticoagulant therapy should be recommended from values over 1 in men and over 2 in women. The CHA2DS2-VASc score has been validated by many studies [35].




2.2.6. Statistical Analysis


Results are expressed as percentages for categorical data and as mean value ± standard deviation for continuous data. Assessment of blood tests, HR, SBP, DBP, IMT, ABI, LV function parameters, memory, depression, and the activity and instrumental activity of daily living tests were undertaken using an impaired T-test in all three groups of patients. The evaluation by CVRF with/without DM-2, analysis regarding gender, age < 65 years old, or over 65 years old in CVRF and DM-2 patients, and analysis regarding the CHA2DS2-VASc score </>3 in patients with DM-2 and AF were determined by using the impaired T-test. Also, the Chi-squared test was used to examine differences between categorical variables. To evaluate the prognostic factors for CD, depending on CVRF, we employed the statistical method of logistic regression, considering a forward method based on the Wald test to determine the significant variables for which the odds ratios (OR) with corresponding 95% confidence intervals (CI) were reported. In addition, the final models were evaluated through sensitivity, specificity, positive predicted value (PPV), a negative predicted value (NPV), and an associated ROC curve with a corresponding area under the ROC curve. Statistical analysis was performed using IBM SPSS Statistics version 20.0 software for Windows with a significance level of 0.05.



Since a key outcome of our study was the MMSE values, we checked the corresponding achieved power for the MMSE values from the three subgroups of patients by using G*Power 3.1.9.2 software. We determined the achieved power between our 3 groups and obtained the following results: With Group A versus Group B, we obtained the effect size of 1.25 for the corresponding sample sizes, and the G*Power 3.1.9.2 software showed an achieved power of 99%. For Group A versus Group C the effect size was −1.29 and the calculated achieved power of 99%, while for Group B versus Group C the effect size was −2.54 and the achieved power was 100%. Our statistical analysis demonstrated that our sample size was large enough to draw statistically relevant conclusions, as a total power of over 80% is considered relevant.






3. Results


The 160 patients enrolled in our study had a mean age of 71.02 ± 9.98, ranging between 45 to 89 years. Among them, the female gender prevailed, as there were 86 (53.8%) women, and 74 (46, 3%) men. According to age groups, 48 (30%) subjects were younger than 65 years and 112 (70%) were older than 65 years.



According to our findings, patients in Group A with DM-2 were statistically younger compared to Group B, with DM-2 and FA (p = 0.041) (see Table 1). We did not find statistically significant differences between Groups A and B regarding SBP, DBP, and HR, nor referring to body mass index (BMI), although its values were significantly higher compared to the control group (p = 0.008, respectively p = 0.013) (see Table 1). Referring to the laboratory data, the parameters characterizing the lipid profile did not vary statistically significantly between Groups A and B, nor did we notice differences regarding BBG; however, although all patients had a TyG index in the normal range, patients from Group A had a significantly lower value compared to those from Group B (p = 0.012) (see Table 1).



In Group A, of 50 patients with DM-2, 45 subjects (90%) were diagnosed with systemic hypertension (SH) of various severities, as follows: 30% of patients had SH grade I, 42% grade II, and 18% grade III. CCS was present in 18 subjects (36%), without varying significantly from Groups B and C, while CHF was diagnosed in 17 subjects (34%), statistically significantly lower than Group B (p = 0.01). PAD had a low incidence in all three patient groups. There was no significant difference regarding the prevalence of stroke between the patients from our groups. CKD reached a high incidence in all three groups, being diagnosed in 64% of the subjects from Group A. In the two groups of patients with DM-2 (A and B), obesity was a common finding, being significantly more frequent than in Group C (p < 0.01). In Group A, 23 subjects (46%) were obese, while in Group C only 12 patients (21.4%) had an IMC of over 30. Regarding hyperlipemia and smoking, there were no significant differences between Groups A, B, and C (see Table 2).



In Group B, of subjects with DM-2 and AF, there were 49 individuals (over 90%) with SH, 16.7% of which with grade I, 37% with grade II, and 37% with grade III. CCS had the highest incidence in Group B, being diagnosed in 28 patients (52%). CHF was diagnosed in the majority of our patients, reaching the highest incidence in Group B, being present in 32 subjects (59.3%), statistically significantly more frequently compared to Group C (p = 0.036). In Group B, persistent AF prevailed, being encountered in 40% of patients, followed by permanent AF, which was present in 33% of them, and paroxysmal AF in 26%. It should be mentioned that all subjects from Group B were treated with new oral anticoagulants. In Group B, CKD was diagnosed in 72.2% of patients, statistically significantly higher than in Group C (p = 0.006). In Group B, 24 patients (44.5%) had an IMC of over 30 kg/m2, significantly higher than in Group C (p = 0.022), see Table 2.



In Group C, of patients without DM-2 or FA, only 30.4% of them had SH, while 14.3% had grade I, 9% had grade II, and 7% had grade III. CCS was encountered in 24 subjects (43%), and CHF in 22 (39.3%), mostly NYHA class I and II. In this group, CKD was present in 46.6% of patients (see Table 2).



As presented in Table 2, the majority of selected patients with SH also had clinical target organ damage, placing them in the very high-risk category. Even in subjects from Group C, without DM-2 and AF, these chronic cardiovascular conditions, CKD, and an impaired CVRP had a high prevalence. However, TTE and vascular sonography were performed in all subjects, as seen in Table 3. Regarding TTE parameters, patients from Group A had a significantly lower LA diameter compared to those from Group B (p = 0.029), and those from Group B had significantly higher LA diameters compared to Group C (p = 0.002). Although patients from Group B had higher LV end-diastolic and end-systolic diameters, there were no statistically significant differences compared to Group A. LVEF was the lowest in Group B (56.61% ± 7.43) compared to 58.32% ± 5.55 in Group C, but not statistically significant. Parameters estimating the right ventricular function, as the maximal tricuspid velocity (TRVmax), and estimated systolic pulmonary artery pressure (sPAP), were significantly lower in Group A compared to Group B (p = 0.05, respectively p = 0.029) and higher in Group B compared to Group C (p = 0.015, respectively p = 0.015), as seen in Table 3.



Regarding IMT values, the highest were determined in patients from Group B, seen to be significantly higher than in Group A, but not when compared to Group C, as seen in Table 3.



Concerning ABI measurements, there were no statistically significant differences between the patients from all three groups (Table 3).



The evaluation of CD by employing neuropsychological tests revealed that, although the values of MMSE, MoCA, ADL, IADL, and GDS-15 were more severely altered in patients from Group A and B versus Group C, we noticed a statistically significant difference only between Group B and C (see Table 4). We observed a statistically significant decrease in cognitive parameters (MMSE and MoCA (p < 0.05), as well as a reduction in those assessing the patients’ daily activity (ADL, IADL) (p < 0.05), as well as an augmentation of indexes assessing the intensity of depression (GDS-15) (p < 0.05) in patients from Groups A and B compared to subjects without DM-2 and/or AF (Group C), (see Table 4).



Considering all 160 patients evaluated in the study, 107 (66.9%) of them had MMSE scores over 27, while in 23, (14.4%) MMSE levels ranged between 24 and 26, indicating a slight CD, and 30 (18.8%) had MMSE scores lower than 24, defining the onset of dementia. Of the 104 patients with DM-2 evaluated in the study, 60 (57.7%) had MMSE scores above 27 (normal), 18 (17.3%) had scores between 24 and 26, signifying a slight CD, and 26 (25%) had MMSE scores under 24, indicating newly diagnosed dementia.



In Group B, 26 (48.1%) patients had MMSE scores above 27, 10 (18.5%) had scores between 24 and 26, indicating a mild CD, and 18 (33.3%) of them had MMSE scores under 24, characterizing dementia (see Table 4). This means that diabetic patients with associated AF may have more frequent and severe CD, slightly altered daily activity, and associated depression compared to those without DM-2.



In contrast, in Group C the prevalence of mild CD or incipient signs of dementia was lower. There were only 5 (8.9%) patients with MMSE scores between 24 and 26, 4 (7.1%) with MMSE under 24, while the remaining 47 (83.9%) subjects had an MMSE score over 27, being therefore considered without CD (Table 4).



To evaluate the prognostic factors for developing CD, quantified by an MMSE score under 27, and under 24 for dementia, in patients from Group A (with DM-2), Group B (DM-2 and AF), and Group A and B (DM-2 and DM-2 with AF), as well as to assess the OR, we employed logistic regression modeling to identify the most important predicting factors for these groups: age, gender, SH, smoking, hyperlipemia, obesity, and CKD. A forward method based on the Wald test was employed to determine the significant variables. The model was evaluated for sensitivity, specificity, PPV, NPV, and an associated ROC curve, with a corresponding area under the ROC curve. Logistic regression analysis revealed statistically significant higher odds for MMSE < 27 at an increased age when considering patients from Group A compared to Group B. In Group A, for an additional year in age, the odds for an MMSE < 27 was higher by a factor of 1.154 (OR = 1.154, 95%CI: 1.057; 1.259), while in Group B the odds for an MMSE < 27 was higher by a factor of 1.073 (OR = 1.073; 95%CI: 1.004; 1.146) (Table 5). In addition, statistically significantly higher odds for MMSE < 27 for increased age and hyperlipemia were identified when cumulating Groups, A and B (Table 1). For an additional year in age, the odds for an MMSE < 27 was higher by a factor of 1.123 (OR = 1.123; 95%CI: 1.061; 1.189), and patients with hyperlipemia had 3.946 times higher odds for MMSE < 27 versus subjects without hyperlipemia (OR = 3.946; 95%CI: 1.161; 7.475). Gender, smoking, hyperlipemia, obesity, CKD, and SH were not statistically significant in all patients with DM-2 independent of the presence of AF.



The probability of a decrease in MMSE scores under 27 for patients from Group A can be estimated by the formula exp(RS)/(1 + exp(RS)), where RS = −10.993 + 0.143 × (age). This model classified 74% of the patients correctly. The model had a sensitivity of 50.00%, specificity of 85.29%, PPV of 61.54%, and an NPV of 78.38%. The area under the ROC curve for this model (Figure 1) was 0.820 (AUROC = 0.820, 95%CI: 0.705; 0.935, p < 0.001).



In Group B the same probability can be estimated by the formula: exp(RS)/(1 + exp(RS)), where RS = −5.080 + 0.070 × (age). This model classified 68.52% of the patients correctly. The model had a sensitivity of 78.57%, a specificity of 57.69%, a PPV of 66.67%, and a NPV of 71.43 The area under the ROC curve for this model (Figure 1) was 0.701 (AUROC = 0.701, 95%CI: 0.559; 0.844, p = 0.011). In the cumulated population (Group A and B), the same probability can be estimated by the formula: exp(RS)/(1 + exp(RS)), where RS = 0.116+ 0.116 × (age) + 1.081 × (hyperlipemia), where hyperlipemia is 1 if the patient has hyperlipemia and 0 if the patient does not. This model classified 69.16% of the patients correctly. The model had a sensitivity of 57.45%, a specificity of 78.33%, a positive predicted value PPV of 67.50%, and a negative predicted value (NPV) of 70.15%. The area under the ROC curve for this model (Figure 1) was 0.782 (AUROC = 0.782, 95%CI: 0.692; 0.872, p < 0.001).



To evaluate the prognostic factors for developing severe CD, namely dementia, quantified by MMSE under 24, in patients from Group A (with DM-2), Group B (DM-2 and AF), and Group A and B (DM-2 and DM-2 with AF), and to assess the OR, we employed a logistic regression modeling for patients from these groups to identify the most important predicting factors: age, gender, hypertension, smoking, hyperlipemia, obesity, and CKD. The logistic regression analysis revealed a statistically significantly higher odds ratio or the risk of an MMSE score decrease under 24 parallel with advancing in age. Similarly, in Group B, statistically significantly higher odds for an MMSE score lower than 24 were noted in older patients (Table 6). Gender, hypertension smoking, hyperlipemia, obesity, and CKD did not prove to be statistically significant factors when considering subjects from Group A, Group B, or Groups A and B taken together.



The ROC curves measure the amount of separation between the distribution of predicted probabilities obtained by the final multiple logistic regression models in the diseased population from the distribution of the corresponding predicted probabilities in the non-diseased population, where ‘diseased’ population means an MMSE score under 27 in Figure 1 (for the specified set of groups of patients) and an MMSE score under 24 in Figure 2 (for the specified set of groups of patients).



Practically, for Figure 1, the AUC gives the probability that the calculated predicted probability obtained by the final multiple logistic regression model for a randomly chosen subject with MMSE under 27 exceeds that for a randomly chosen subject with an MMSE score above 27, and similarly in Figure 2 for an MMSE score under 24.



The statistical regression analyses revealed that, in patients from Group A, Group B, and those conjointly in Group A and B, the odds or risk of developing dementia, defined by a decrease in an MMSE score under 24, was higher for older patients. For an additional increase of one year in age, the odds of dementia were higher by a factor of 1.235 (OR = 1.235, 95%CI 1.069; 2.428) in Group A, and, in Group B, for any additional one-year increase in age, these odds were higher by a factor of 1.076 (OR = 1.076, 95%CI 0.999; 1.158) (thus borderline significant results) (p = 0.052), while, for those in Groups A and B conjointly, for every additional age year, the odds of dementia were higher by a factor of 1.128 (OR = 1.128, 95%CI 1.058; 1.202).



To determine the sensitivity, specificity, PPV, and NPV value for our patients’ groups, we generate an associated ROC curve corresponding to each logistic model (see Figure 2). The probability of a decrease in MMSE scores under 24 in patients from Group A may be estimated by the formula: exp(RS)/(1 + exp(RS)), where RS = −17.540 + 0.211 (age). This model classified 92% of the patients correctly. The model had a sensitivity of 62.50%, a specificity of 97.61%, a PPV of 83.33%, and an NPV of 93.18%. The area under the ROC curve for this model was 0.891 (AUROC = 0.891, 95%CI 0.782; 1.000, p < 0.001). In patients from Group B, the same probability can be estimated by the formula: exp(RS)/(1 + exp(RS)), where RS = −6.117+ 0.073x (age). This model classified 70.37% of patients correctly. The model had a sensitivity of 22.22%, specificity of 94.44%, a PPV of 66.67%, and an NPV of 70.83. The area under the ROC curve for this model (Figure 2 Group B) was 0.678 (AUROC = 0.678, 95%CI: 0.521; 0.836, p = 0.034). The probability of an MMSE score decrease under 24 in the conjoint group of patients with DM-2 and with DM-2 and AF can be estimated by the formula: exp(RS)/(1 + exp(RS)), where RS = −10.002+ 0.120x (age). This model classified 78.85% of patients correctly. The model had a sensitivity of 26.92%, a specificity of 96.15%, a PPV of 70.00%, and an NPV of 79.78%. The area under the ROC curve for this model was 0.891 (AUROC = 0.891, 95%CI: 0.782; 1.000, p = 0.001), as seen in Figure 2.




4. Discussion


The contribution of AF for developing CD and dementia represents a huge burden for society, especially in older patients, with AF being a major factor for stroke and also associated with CVD and general mortality. Other important cardiovascular risk factors, such as SH, DM-2, dyslipidemia, obesity, and changes in renal function, are also contributing to the occurrence of CD; therefore, this association can be multifactorial, with complex associated pathophysiological pathways.



Several mechanisms have been proposed for the association between AF and cognitive impairment in several clinical studies. The main factor of AF-induced cognitive impairment appears to be cerebral infarction, but there are other mechanisms to consider, including silent cerebral infarctions, AF-related cerebral hypoperfusion, inflammation, microhemorrhage and cerebral atrophy, or systemic atherosclerotic vascular disease [17]. Some studies specify the fact that, to detect more precisely the link between AF and dementia, the evaluation of biological biomarkers (from cerebrospinal fluid or plasma) and brain imaging associated with cognitive impairment tests should be recommended in the population with AF. In the past decade, much progress has been made in detecting biomarkers with diagnostic and prognostic value for dementia [36]. Identification of specific biomarkers that predict cognitive decline in patients with AF could aid in screening and management strategies, and biomarkers may be useful in risk stratification in patients considered clinically low risk. However, the limitations of biomarkers for everyday clinical use must balance predictive ability with practicality [37]. DM-2 can affect neuronal and cognitive function through hypoperfusion of brain tissues caused by cerebrovascular diseases, changes in glucose transporters that cause abnormalities in the uptake and neuronal metabolism of glucose, IR, recurrent hypoglycemic episodes of diabetes pharmacotherapy, and local hyper- and hypometabolism of brain areas, which result in neuronal damage [38]. In patients with DM-2 and CD, a thorough assessment of cerebral metabolic characteristics and their impact on cognition is particularly important for their management. Understanding the relationship between DM-2 and cognitive function is necessary to enable physicians to manage their patients in everyday clinical practice.



In the medical literature, several studies have debated the association between DM-2 and the occurrence of CD and dementia. CD may be present at any age, albeit mostly in older patients, considering that cognitive impairment extends over a longer period. It has been discussed that metabolic dysfunctions may contribute to an earlier onset of CD symptoms. In a recent review [39], the mechanisms responsible for the occurrence of CD in association with DM-2 were evaluated in diabetic mice, and it has been suggested that increased levels of pro-inflammatory cytokines, diabetes, and obesity may cause decreased spatial recognition memory, sustaining a relationship between cognitive loss and inflammation. The pathogenesis of some neurodegenerative diseases and diabetes includes mitochondrial dysfunction, which is attributed to the production of reactive oxygen species, indicating a relationship between neuroinflammation and ROS in cognitive impairment [39].



In a Swedish study [40] conducted on 2746 patients aged over 60 years, for a period of 9 years, the effects of DM-2 and prediabetes on CD were evaluated by analyzing the patients’ MMSE scores. Brain magnetic resonance imaging performed in 455 patients showed that prediabetes and DM-2 were independently associated with accelerated CD compared to subjects without DM-2 (p < 0.01), leading to the conclusion that DM-2 and prediabetes might predispose to microvascular lesions and accelerated CD.



In another recent study that evaluated 332 patients with DM-2 with an average duration of DM- of 10.17 ± 4.81 years, following each patient for over one year, the MMSE score was assessed to confirm the presence or absence of CD, and 81 of them (24.4%) were diagnosed with cognitive impairment, with a statistically significant difference in MMSE between patients under 60 years old compared to those over 60 years old and in those with a longer duration of DM-2 (p < 0.001). The conclusion was that CD is frequent among patients with DM-2, independent of gender, and is directly related to age and the duration of diabetes [41]. In another study conducted on 208 patients, 80 with DM-2 and 128 controls, the ADL and IADL scores were lower in diabetic subjects than in controls (p < 0.05). These findings and multiple DM-2-related complications were associated with CD in older diabetic patients [42].



A study carried out in India that evaluated the presence of CD in diabetic patients by evaluating the MoCA concluded that its scores were statistically significantly lower in patients with DM-2 compared to those without (p < 0.001). In patients with DM-2, MoCA assessment indicated the significant influence of age on CD (p < 0.001) [43]. Another study following 3687 participants over 6 years, of whom 6.4% had DM-2, indicated that both MMSE and MoCA scores were lower in patients with DM-2 compared to those without. The initial evaluations showed a decrease in MMSE and MoCA values related to age, male sex, as well as the presence of DM-2, SH, and stroke. After 6 years of follow-up, MMSE changes were greater in patients with DM-2, indicating an increased risk for CD [44]. Similarly, another study that compared 100 diabetic patients with 100 non-DM-2 controls, highlighted significantly lower MoCA scores among the first group (p < 0.001). The rate of mild CD was significantly higher among DM-2 patients compared to controls (p < 0.01, and OR = 2.8 [95%CI: 1.2–6.5]), and also in patients with SH compared to non-hypertensive ones, as well as in subjects aged over 50 years compared to younger ones as well (p < 0.05). In diabetic patients aged over 50 years, age was the only significant predicting factor for mild CD (OR = 2.9 [95%CI: 3.8–123.3], p < 0.001). The study concluded that patients with DM-2 have a significant three times higher risk of developing mild CD compared to non-diabetic subjects. Age, CVD, SH, frequency of hypoglycemic episodes, and duration of diabetes were risk factors for cognitive impairment [45]. In a meta-analysis that assessed the risk of CD and its progression to dementia in DM-2 patients with/or without depression, it was shown that the presence of depression in patients with DM-2 increases the risk of CD and dementia (HR = 1.82; [1.79, 1.85]) compared to DM-2 patients without depression [46]. In another study [47] the presence of undiagnosed depression, assessed by GDS-15, in patients with DM-2 was not unusual, being present in 13% of them. Patients with depression frequently had a prior history of comorbidities, tended to be more obese, had a higher SBP (p = 0.01), with similar control in DBP and blood lipid values, had higher BBG and glycated hemoglobin, as well as more frequent self-reported hypoglycemic events (p = 0.03) and longer disease durations (p = 0.02). Thus, in elderly patients with DM-2, depression was present in those with episodes of hypoglycemia, longer disease duration, and associated comorbidities, such as endothelial dysfunction and other risk factors, as also reported in some studies [47,48].



In our research, we also documented a higher prevalence of CVD in patients with DM-2, especially in those with associated AF. Diabetic patients had significantly more altered MMSE, MoCA, ADL, IADL, and GDS-15 scores compared to subjects with a very high CVRP but without DM-2. As presented in some of the above-mentioned studies [41,45], aging represents a determinant risk factor for CD and dementia as well (OR = 1.128 [95%CI: 1.058–1.202], p = 0.037). In our study, the statistical analysis also confirmed that age has an important impact on cognitive function, assessed by the MMSE scores of patients with DM-2 independently of AF and other risk factors.



Several recent studies have highlighted the considerable contribution of AF for the development of CD [15,49]. In a study published in 2023 by Steffen Blum et al., it has been highlighted that patients with AF have a 1.5 times higher risk of CD compared to the general population and, after an ischemic stroke, this risk augments by three times [15]. A large cohort study, the “Atherosclerosis Risk in Communities Neurocognitive Study”, followed up 12.515 middle-aged participants for 24 years and determined that 16.82% of them developed AF, while 9.24% developed dementia, with AF being associated with a significantly greater decline in assessment scores except for the Delayed Word Recall Test. This study concluded that AF was associated with greater CD and increased risk of dementia, independent to the presence of ischemic stroke [49]. Similarly, in our study, we intended to analyze the additional impact of metabolic disturbances, especially DM-2, and we determined that the association of DM-2 and AF increases the risk for CD in comparison to DM-2 alone. In our study, by using five neuropsychological tests, we have documented a more severe cognitive impairment in patients with AF independently to the presence of DM-2, but the difference was not statistically significant. This observation was also confirmed by the multivariate regression analysis. A study that evaluated the incidence of mild CD or dementia in a group of 2577 participants aged over 60 years with two or more cardiovascular and/or metabolic disorders (DM-2, CCS, or stroke) (following them for 12 years) demonstrated that the association of multiple cardiometabolic pathologies increases the risk of mild CD (HR = 1.73; 95%CI: 1.23; 2.44) and the progression to dementia (HR = 1.86; 95%CI: 1.17; 2.97) [5].



Another study that evaluated the presence or absence of CD, as assessed by MoCA scores, in 70 patients with DM-2 in relation to the lipid profile (total cholesterol, high-density lipoprotein, low-density lipoprotein, and triglycerides) failed to demonstrate any statistically significant direct association between them [50]. In contrast, in a study that evaluated 290 patients with DM-2, it was observed that elevated LDL cholesterol was a risk factor for mild CD (OR = 1.635, p = 0.047), concluding that mild CD is frequent among DM-2 patients [51]. On the other hand, the finding from another study showed no correlation between the levels of total cholesterol, LDL-cholesterol, HDL-cholesterol, and TG and apolipoprotein B and CD, except for apolipoprotein A1 levels, which were independently associated with CD (OR = 5.201, p = 0.024) and correlated negatively to significant MMSE scores (r = −0.132, p = 0.016) and MoCA scores (r = −0.143, p = 0.009) [52]. In our study, we also demonstrated that, in diabetic patients, the presence of hyperlipidemia increased the risk of a reduced MMSE score, and thus of developing CD or dementia.



Regarding the assessment of macrovascular complications, it is recommended that the carotid IMT should be included in the routine screening of vascular impairments in patients with prediabetes and newly diagnosed DM-2. It was demonstrated that IMT values were increased among patients with DM-2 compared to those with prediabetes and to those with normal FPG. The values of SBP, DBP, FPG, total and LDL-cholesterol, TG, and serum creatinine were also higher in patients with DM-2 and prediabetes than in controls [53]. Similarly, another study that evaluated 142 patients with DM-2 and CKD over 7 years analyzed whether the IMT represents an independent prognostic factor for cardiovascular morbidity and mortality, concluding that its values represent a strong and independent predictor of CV morbidity and mortality [54]. PAD is one of the major long-term complications of diabetes. The benefit of ABI measurement was evaluated in 85 participants, of which 40 had DM-2, and it was highlighted that this assessment was slightly less reliable in diabetic people than in those without [55]. In contrast, a study carried out on 48 patients with DM-2 evidenced reduced values of ABI in half of them, with the prevalence of PAD being approximately 56.25% in patients with DM-2 [56]. The assessment of IMT and ABI as parameters of vascular remodeling were also analyzed in connection with other diseases, even with some specific therapies [57].



The significant contribution of DM-2 for developing mild CD in patients with CVD, such as SH, CID, CHF, and especially with AF, was largely debated in the study of Dove et al., who identified DM-2 as an important risk factor for CD (HR = 1.34, 95%CI: 0.97–1.85, p = 0.08), even in the absence of a risk of progression to dementia. Patients who had glycated hemoglobin levels ≥7.5% had a 2-fold higher risk of mild CD (HR = 2.01) and a 3-fold higher progression from mild CD to dementia (HR = 2.87). The presence of CVD, associated with DM-2, doubled the risk of mild CD and its progression to dementia, being a multiplicative interaction between DM-2 and CVD for CD and dementia (p < 0.05) [5]. A more recent multicentric study, conducted on 7207 elderly women, evaluated annually the evolution of cognitive function and concluded that uncontrolled SH may lead to mild CD or even dementia, while also finding that adequate control of SH could reduce this risk [58].



A presence of approximately 9.5% of AF was highlighted in the Atherosclerosis Risk in Communities Neurocognitive Study (ARIC-NCS), which analyzed the presence of cognitive impairment in 6432 participants. In patients with AF, the prevalence of mild CD/Alzheimer’s disease, respectively vascular dementia was higher than in patients without AF, thus indicating an increased risk for CD (OR = 1.28; 95%CI: 1.04–1.562) and dementia (OR = 2.5; 95%CI: 1.64–3.10) [16]. Several mechanisms of the association between AF and CD have been identified. In addition to pro-inflammatory disorders and changes in cerebral blood flow, there are also brain microlesions or silent cerebral ischemia. Through changes in blood flow and cardiac rhythm, as well as of blood pressure, AF can lead to transient or chronic cerebral hypoperfusion and, potentially, to CD [17].



In a study that assessed 4593 participants with AF at baseline, an approximately 3.43-fold increased risk of mild CD in women and 1.73 in men has been identified. Similarly, the risk of dementia in patients with AF was also increased. After a follow-up period of over 4 years, approximately 30% of all patients progressed from normal cognition to mild CD, and 21% developed dementia. AF female patients had a statistically significantly higher risk of disease progression (HR = 1.21; [1.04, 1, 40]) compared to those without AF, and AF was associated with a statistically significant risk of developing mild CD or even vascular dementia [59]. Another study that evaluated the presence of CD and subclinical atherosclerosis in 155 patients with SH, of which 84 also had AF, highlighted that MMSE, MoCA, and LVEF scores were significantly decreased, while the GDS-15 and IMT amounts were significantly increased in patients with SH and AF compared to those without AF (p < 0.05). In patients with AF and CHA2DS2 –VASc > 3 aged over 65 years, MMSE scores were significantly lower, and IMT was significantly increased (p < 0.05). This study showed that cognitive impairment is found in hypertensive patients with AF, also indicating that there is a direct relationship between CD, depression, SH, AF, age, CHA2DS2-VASc score, IMT, and LVEF, with these evaluations being recommended for the prevention of CD in these patients and AF [60]. Another study suggests that there is a strong relationship between PAD and AF. The presence of PAD was associated with a 31% increase in the risk of incident AF, and an ABI >1.40 was not associated with an increased risk of AF, while an ABI <1.00 indicated an increased risk of developing AF (HR = 1.32; 95%CI: 1.18–1.47) [61].



Other studies analyzed the relationship between CD, DM-2, and CKD. Thus, a study carried out on 3399 patients with DM-2 showed that obesity and CD are independent risk factors for the progression of CKD, especially in women [62]. Otherwise, another study determined that patients with DM-2 and CKD, especially those with advanced kidney damage, may have cognitive disorders [63].



Considering the alarming increase in the prevalence of CVD and DM-2 worldwide, it seems that they will continue to represent major public health problems in the coming years. Detecting associated cognitive disorders, mental health issues, or changes in the care and daily activities among patients with DM-2 and AF as soon as possible may have clinical implications and allow adequate strategies for optimal therapeutic management of these patients, resulting in an improved evolution and more accurate approach to the associated comorbidities and any possible complications that may arise. More accurate evaluations of associated cognitive disorders and depression can be beneficial for developing adequate strategies for the prevention, treatment, and monitoring of the evolution of cognitive disorders, and also of other clinical, psychological, and therapeutic interventions to slow down the progress of these cognitive disorders that may affect the quality of life of patients and the accentuation of the degree of dementia.



Study limitation: Our study has several limitations, some of which we plan to address in future studies. Potentially the most important limitation is that it is a single-center study conducted on a limited population, of which 104 patients were afflicted with DM-2 and 54 with AF. Another limitation is the fact that we did not follow up on our patients, this being the objective of a future study. A third limitation is that we did not include a group of non-diabetic patients with AF in our study group, as large cohort studies have already pointed out that AF is an independent risk factor for CD [49] and, in our study, we analyzed the association between DM-2 and AF in comparison to patients with DM-2 alone. Although it is known that several cardio-metabolic pathologies represent individual risk factors for CD, their combined impact on the early onset and evolution of CD needs to be further studied. Thus, it is particularly important to continue research regarding patients with AF and/or DM-2 and to diagnose CD and dementia, as well as to increase the level of awareness of medical staff and patients regarding the early detection and prevention of cognitive disorders, identifying specific priorities and developing clinical, therapeutic, psychological and management strategies.




5. Conclusions


Our finding demonstrated that MMSE, MoCA, ADL, IADL, and GDS-15 scores are more severely altered in patients with DM-2, especially when associated with AF versus those without DM-2 and AF. Multivariate regression models have suggested that older age and the presence of dyslipidemia represent independent risk factors for the development of CD in patients with DM-2. Future studies should focus on researching the pathophysiological background of CD in patients with cardio-metabolic disorders as well as elaborating on new strategies for its early detection to preserve cognitive function in patients with DM-2 and AF, thus reducing the progression to dementia in those with functional affected cognition.
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Figure 1. Receiver Operating Characteristic (ROC) curve for multiple logistic regression model with independent variables for the association of MMSE under 27 in patients with DM-2 (Group A) (AUROC = 0.820, 95%CI 0.705; 0.935, p < 0.001), in those with DM-2 and AF (Group B) (AUROC = 0.701, 95%CI 0.559; 0.844, p = 0.011), and for the association of MMSE lower than 27 for patients with DM-2 and patients with DM-2 and AF (AUROC = 0.782, 95%CI 0.692; 0.872, p < 0.001). 
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Figure 2. Receiver Operating Characteristic (ROC) curve for multiple logistic regression model with independent variables for the association of MMSE under 24 in patients with DM-2 (Group A) (AUROC = 0.891, 95%CI 0.782; 1.000, p = 0.001), in those with DM-2 and AF (Group B) (AUROC = 0.678, 95%CI 0.521; 0.836, p = 0.034) and in subjects from the conjoint Groups A and B (AUROC = 0.891, 95%CI 0.782; 1.000, p = 0.001). 






Figure 2. Receiver Operating Characteristic (ROC) curve for multiple logistic regression model with independent variables for the association of MMSE under 24 in patients with DM-2 (Group A) (AUROC = 0.891, 95%CI 0.782; 1.000, p = 0.001), in those with DM-2 and AF (Group B) (AUROC = 0.678, 95%CI 0.521; 0.836, p = 0.034) and in subjects from the conjoint Groups A and B (AUROC = 0.891, 95%CI 0.782; 1.000, p = 0.001).



[image: Biomedicines 12 00672 g002]







 





Table 1. Clinical and laboratory data in all three groups.
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Patients Demographic Data

	
Group A—50 P with DM-2

	
Group B—54 P with DM-2 and AF

	
Group C—56 Controls

	
p between A–B

	
p between A–C

	
p between B–C






	
Mean age

	
69.42 ± 10.39

	
73.44 ± 9.39

	
70.13 ± 9.91

	
0.041

	
0.722

	
0.074




	
Sex: male

	
28 (56.0%)

	
24 (44.4%)

	
22(39.3%)

	
0.239

	
0.085

	
0.583




	
female

	
22 (44.0%)

	
30 (55.6%)

	
34(60.7%)

	

	




	
BMI (kg/m2)

	
32.40 ± 7.47

	
32.11 ± 7.29

	
28.56 ± 7.47

	
0.840

	
0.008

	
0.013




	
WC (cm)

	
95.60 ± 10.73

	
96.85 ± 9.83

	
91.20 ± 11.63

	
0.536

	
0.046

	
0.07




	
SBP (mmHg)

	
132.80 ± 20.75

	
134.63 ± 23.00

	
127.50 ± 15.10

	
0.672

	
0.133

	
0.059




	
DBP (mmHg)

	
78.50 ± 13.25

	
80.93 ± 14.73

	
73.93 ± 14.60

	
0.381

	
0.096

	
0.014




	
HR (b/min)

	
75.62 ± 13.88

	
78.13 ± 18.60

	
70.54 ± 11.89

	
0.440

	
0.045

	
0.013




	
Laboratory data




	
Total chol. (mg/dL)

	
187.54 ± 55.04

	
175.96 ± 60.74

	
189.89 ± 64.70

	
0.312

	
0.842

	
0.247




	
LDL chol (mg/dL)

	
128.62 ± 49.35

	
129.33 ± 54.66

	
137.19 ± 53.76

	
0.945

	
0.396

	
0.449




	
HDL chol. (mg/dL)

	
50.86 ± 24.89

	
44.31 ± 11.37

	
49.67 ± 15.80

	
0.084

	
0.769

	
0.044




	
Triglycerides (mg/dL)

	
131.08 ± 58.05

	
128.66 ± 50.70

	
135.51 ± 62.39

	
0.821

	
0.706

	
0.530




	
Uric acid (mg/dL)

	
6.07 ± 1.61

	
6.37 ± 1.34

	
6.29 ± 1.72

	
0.311

	
0.512

	
0.783




	
Basal glycemia

(mg/dL)

	
111.58 ± 24.07

	
115.70 ± 42.52

	
107.03 ± 17.52

	
0.549

	
0.266

	
0.162




	
eGRF (ml/min)

	
55.22 ± 14.53

	
52.88 ± 14.16

	
64.83 ± 19.24

	
0.408

	
0.004

	
0.000




	
TyG index

	
4.03 ± 1.65

	
4.67 ± 0.63

	
4.43 ± 1.16

	
0.012

	
0.159

	
0.174








Legend: P—patient; DM-2—diabetes mellitus type 2; AF—atrial fibrillation; BMI—body mass index; WC—waist circumference; SBP—systolic blood pressure; DBP—diastolic blood pressure; HR—heart rate; LDL chol.—Low-density lipoprotein; HDL chol. = High-density lipoprotein; eGRF—estimated glomerular filtration rate; TyG—triglyceride glucose index.













 





Table 2. Prevalence of SH, clinical organ damage, and risk factors in study groups.
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	Cardiovascular Pathology and Risk Factors
	Group A—50 P with DM-2
	Group B—54 P with DM-2 and AF
	Group C—56 Controls
	p between A–B
	p between A–C
	p between B–C





	SH
	45–90%
	49–90.7%
	17–30.4%
	0.898
	0.000
	0.000



	CCS
	18–36%
	28–51.9%
	24–42.9%
	0.104
	0.471
	0.345



	CHF
	17–34%
	32–59.3%
	22–39.3%
	0.010
	0.573
	0.036



	NYHA I
	2–4%
	2–3.7%
	7–12.5%
	0.937
	0.117
	0.092



	NYHA II
	11–22%
	25–46.3%
	10–17.9%
	0.009
	0.593
	0.001



	NYHA III
	2–4%
	4–7.4%
	5–8.9%
	0.457
	0.308
	0.771



	NYHA IV
	2–4%
	1–1.9%
	1–1.8%
	0.513
	0.493
	0.979



	PAD
	5–10%
	2–3.7%
	3–5.4%
	0.200
	0.366
	0.677



	Lacunar stroke
	7–14%
	8–14.8%
	11–19.6%
	0.906
	0.440
	0.503



	Minor stroke
	4–8%
	7–13%
	6–10.7%
	0.411
	0.633
	0.715



	CKD
	32–64%
	39–72.2%
	26–46.4%
	0.368
	0.070
	0.006



	CKD stage I
	8–16%
	8–14.8%
	8–14.3%
	0.867
	0.806
	0.937



	CKD stage II
	9–18%
	12–22.2%
	9–16.1%
	0.592
	0.792
	0.412



	CKD stage III
	12–24%
	14–25.9%
	8–14.3%
	0.821
	0.202
	0.127



	CKD stage IV
	3–6%
	5–9.3%
	1–1.8%
	0.533
	0.256
	0.084



	Obesity
	23–46%
	24–44.4%
	12–21.4%
	0.802
	0.022
	0.010



	Obesity gr I
	9–18%
	9–16.7%
	2–3.6%
	0.857
	0.015
	0.022



	Obesity gr II
	6–12%
	5–9.3%
	4–7.1%
	0.650
	0.393
	0.686



	Obesity gr III
	8–16%
	10–18.5%
	6–10.7%
	0.564
	0.422
	0.161



	Hyperlipemia
	23–46%
	33–61.1%
	29–51.8%
	0.122
	0.552
	0.324



	Smoking
	17–34%
	13–24.1%
	22–39.3%
	0.264
	0.573
	0.087







Legend: P—patient; DM-2—diabetes mellitus type 2; AF—atrial fibrillation; SH—systemic hypertension; CCS—chronic coronary syndrome; CHF—chronic heart failure; NYHA—New York Heart Association; PAD—peripheral artery disease; CKD—chronic kidney disease.













 





Table 3. TTE and other ultrasonographic parameters in study groups.
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Parameters

	
Group A—50 P with DM-2

	
Group B—54 P with DM-2 and AF

	
Group C—56 P without DM-2 and AF

	
p between A–B

	
p between A–C

	
p between B–C






	
TTE parameters




	
LA (mm)

	
40.58 ± 6.00

	
43.40 ± 6.93

	
39.73 ± 5.15

	
0.029

	
0.436

	
0.002




	
IVS (mm)

	
11.99 ± 1.97

	
12.08 ± 1.89

	
11.82 ± 2.48

	
0.807

	
0.696

	
0.531




	
LVPW (mm)

	
12.16 ± 2.62

	
11.72 ± 2.07

	
12.39 ± 2.83

	
0.345

	
0.668

	
0.161




	
LVESD (mm)

	
23.40 ± 6.28

	
24.81 ± 7.29

	
24.39 ± 6.39

	
0.294

	
0.423

	
0.747




	
LVEDD (mm)

	
45.12 ± 4.84

	
46.88 ± 6.65

	
44.80 ± 3.67

	
0.127

	
0.668

	
0.046




	
LVESV (mL)

	
34.68 ± 15.06

	
38.90 ± 13.96

	
33.87 ± 12.10

	
0.141

	
0.761

	
0.046




	
LVEDV (mL)

	
74.14 ± 15.75

	
77.42 ± 16.54

	
71.37 ± 15.96

	
0.303

	
0.373

	
0.054




	
LVEF (%)

	
57.06 ± 7.14

	
56.20 ± 7.72

	
58.32 ± 5.55

	
0.560

	
0.310

	
0.101




	
E (m/s)

	
0.72 ± 0.15

	
0.74 ± 0.21

	
0.68 ± 0.19

	
0.650

	
0.328

	
0.191




	
TRVmax (m/s)

	
2.31 ± 0.41

	
2.50 ± 0.59

	
2.26 ± 0.0.40

	
0.050

	
0.595

	
0.015




	
sPAP (mmHg)

	
36.50 ± 10.81

	
41.68 ± 12.89

	
36.00 ± 11.11

	
0.029

	
0.815

	
0.015




	
Ultrasonographic parameters




	
IMT (mm) left

	
0.63 ± 0.31

	
0.76 ± 0.26

	
0.68 ± 0.23

	
0.026

	
0.349

	
0.103




	
IMT (mm) right

	
0.62 ± 0.33

	
0.72 ± 0.29

	
0.66 ± 0.27

	
0.117

	
0.485

	
0.311




	
ABI left

	
1.12 ± 0.20

	
1.06 ± 0.10

	
1.10 ± 0.10

	
0.085

	
0.508

	
0.101




	
ABI right

	
1.07 ± 0.08

	
1.12 ± 0.19

	
1.10 ± 0.10

	
0.084

	
0.056

	
0.619








IVS: interventricular septum; LA: left atrial; LVPW: Left ventricular posterior wall; LVESD: left ventricular end-systolic diameter; LVEDD: left ventricular end-diastolic diameter; LVESV: left ventricular end systolic-volume; LVEDV: left ventricular end-diastolic volume; LVEF: left ventricular ejection fraction; E: peak early diastolic transmitral flow velocity; TRVmax: maximal tricuspid velocity; sPAP: pulmonary systolic arterial pressure; IMT: Intima-Media Thickness; ABI: Ankle Brachial Index.













 





Table 4. Neuropsychological tests in patients’ groups.






Table 4. Neuropsychological tests in patients’ groups.





	Neuropsychological Tests
	Group A—50 P with DM-2
	Group B—54 P with DM-2 and AF
	Group C—56 Controls
	p between A–B
	p between A–C
	p between B–C





	MMSE
	26.34 ± 4.48
	25.09 ± 4.79
	27.63 ± 3.68
	0.175
	0.109
	0.003



	MoCA
	23.32 ± 5.16
	22.89 ± 5.25
	25.07 ± 4.67
	0.674
	0.069
	0.023



	ADL
	9.40 ± 1.01
	9.24 ± 1.14
	9.66 ± 0.88
	0.456
	0.158
	0.034



	IADL
	6.60 ± 1.86
	6.56 ± 1.77
	7.21 ± 1.38
	0.901
	0.060
	0.033



	GDS-15
	6.88 ± 2.28
	7.12 ± 2.38
	6.23 ± 2.15
	0.588
	0.136
	0.041







Legend: MMSE—Mini Mental State Examination Scale; MoCA—Montreal Cognitive Assessment Scale; ADL—Activities of Daily Living Score; IADL—Instrumental Activities of Daily Living Score; GDS-15—Geriatric Depression Scale 15 questions.













 





Table 5. Multiple logistic regression analysis for risk of MMSE < 27.
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Patients with MMSE < 27 n (%) *

	
OR (95%CI)

	
p-Value






	
Group A—Patients with DM-2




	
Age (years)

	
16 (32.00