

  diagnostics-09-00121




diagnostics-09-00121







Diagnostics 2019, 9(3), 121; doi:10.3390/diagnostics9030121




Review



Left Ventricular Diastolic Dysfunction in Type 2 Diabetes—Progress and Perspectives



Elena-Daniela Grigorescu 1[image: Orcid], Cristina-Mihaela Lacatusu 1,2,*[image: Orcid], Mariana Floria 2,3[image: Orcid], Bogdan-Mircea Mihai 1,2, Ioana Cretu 4 and Laurentiu Sorodoc 2,3





1



Diabetes, Nutrition and Metabolic Diseases, “Grigore T. Popa” University of Medicine and Pharmacy, 700115 Iași, Romania






2



“Sf. Spiridon” Emergency Hospital, 700111 Iași, Romania






3



Internal Medicine, “Grigore T. Popa” University of Medicine and Pharmacy, 700115 Iași, Romania






4



Department Preventive Medicine and Interdisciplinarity, “Grigore T. Popa” University of Medicine and Pharmacy, 700115 Iași, Romania









*



Correspondence: cristina.lacatusu@umfiasi.ro; Tel.: +40-72-321-1116







Received: 31 August 2019 / Accepted: 15 September 2019 / Published: 17 September 2019



Abstract

:

In-depth understanding of early cardiovascular manifestations in diabetes is high on international research and prevention agendas given that cardiovascular events are the leading cause of death for diabetic patients. Our aim was to review recent developments in the echocardiographic assessment of left ventricular diastolic dysfunction (LVDD) as a telltale pre-clinical disturbance preceding diabetic cardiomyopathy. We analyzed papers in which patients had been comprehensively assessed echocardiographically according to the latest LVDD guidelines (2016), and those affording comparisons with previous, widely used recommendations (2009). We found that the updated algorithm for LVDD is more effective in predicting adverse cardiovascular events in patients with established LVDD, and less specific in grading other patients (labelled “indeterminate”). This may prove instrumental for recruiting “indeterminate” LVDD cases among patients with type 2 diabetes mellitus (T2DM) in future screening programs. As an interesting consideration, the elevated values of the index E/e’ can point to early diastolic impairment, foretelling diabetic cardiomyopathy. Identifying subclinical signs early makes clinical sense, but the complex nature of T2DM calls for further research. Specifically, longitudinal studies on rigorously selected cohorts of diabetic patients are needed to better understand and predict the subtle, slow onset of cardiac manifestations with T2DM as a complicating backdrop.
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1. Introduction


The undisputed bidirectional relationship between type 2 diabetes mellitus (T2DM) and cardiovascular disease (CVD) acts as a vicious circle, whereby the former heightens the risk of the latter, and the latter is an important complication, comorbidity, and mortality factor in the former [1,2]. This is all the more worrying as both are increasingly prevalent worldwide. The latest available systematic review of research from across the world (57 papers on approximately 4.5 million T2DM patients over a period of 10 years) concluded that almost a third of type 2 diabetic patients also suffer from some form of CVD. Moreover, CVD was identified as the cause of death in half of the studied patients [3].



Type 2 diabetic patients may develop underlying CVD without experiencing or recognizing the telltale signs and symptoms until too late. Subclinical manifestations are therefore difficult to study and report, which makes the real scale of the problem an important question in an otherwise well-understood associated pathology. There is, however, progress: researchers have proposed appropriate terminology as well as the need for early screening tools for confirmed diabetic subjects without cardiovascular symptoms [4,5]. For instance, the concept of “unrecognized diabetic cardiac impairment” was put forward to not only include atypical, silent manifestations visible on the rest electrocardiogram (ECG), but also left ventricular diastolic dysfunction (LVDD). The latter requires more thorough imagistic investigation and, if it not detected in time, can develop into life-threatening heart failure with preserved ejection fraction [4]. This adds interest and value to early screening measures, which could become standard practice, as recommended in recent guidelines [6,7]. However, the up-scaling of adequate screening programs to include the entire population of diabetic patients at risk of CVD are yet to be made more accessible and cost efficient [8]. Despite such issues, LVDD is the easier impairment to diagnose from the wider range of early subclinical cardiac complications in type 2 diabetes. The early echocardiographic diagnosis of LVDD is of substantial practical significance in these patients, and a review of the new relevant echocardiographic criteria and other updates is thus justified.




2. Materials and Methods


The most widely known, applied, and reviewed set of recommendations for assessing diastolic function is the guideline for the evaluation of left ventricular diastolic function by means of echocardiography, available since 2009 [9]. A revised version has since been issued in 2016, aiming to improve effectiveness in clinical practice [10]. In our literature search, we focused mainly on identifying published studies in which the patient data had been analyzed in accordance to these latest recommendations about LVDD from 2016. We used a protocol recommended for medical reviews and surveyed four well-established international literature databases: PubMed, Scopus, Science Direct, and Thompson ISI Web; and the flow chart for selected papers is presented in Figure 1 [11].



We started from the online text of the 2016 recommendations and investigated all its PubMed citations by mid-March 2019. There were seventy-four papers in English citing the new guidelines from a range of medical perspectives. The titles and abstracts were screened to select those papers relevant for the diagnosis, classification, and treatment of LVDD. Thirty-one papers were selected based on their use and/or appraisal of the new algorithm, the inclusion of diabetic patients in the studied cohorts, and the implications for clinical practice, etc.



Notably, only one study was found in this manner to specifically address LVDD in T2DM subjects [12]. However, upon analyzing the other selected papers, we found more research that had included data from diabetic patients [13]. Furthermore, whenever we found a study to be of partial interest, we surveyed the full text for mentions of LVDD in diabetes mellitus and pursued the subsequent bibliographic references, thus identifying 12 additional papers.



The same approach was then repeated for SCOPUS and Science Direct, resulting in 685 citations. These were filtered down to 187 based on the keywords “diastolic dysfunction” and “diabetes mellitus”. The screening of their titles and abstracts led to a further reduction to 62 papers other than those previously indexed on PubMed. Further, the 133 citations available through the Thompson ISI Web of Science search engine were analyzed, with no additional results. Finally, two international research registries did not enlist any relevant studies [14,15].



Apart from the published studies applying the 2016 algorithm on diabetic patients, we also sought to identify the most comprehensive reviews of prior research using the 2009 guidelines. On SCOPUS, the 2009 recommendations were cited 2054 times by mid-March 2019, of which seven took into account LVDD in diabetes mellitus.




3. Left Ventricular Diastolic Dysfunction


3.1. Metabolic and Structural Changes


Systolic dysfunction associated with left ventricular ejection fraction reduction was proven to be insufficiently indicative of heart failure diagnoses, as symptoms may also occur with mid-range as well as preserved ejection left ventricular fractions (recently redefined as ≥ 50%) [16]. In this context, diastolic dysfunction is a more useful indicator of early heart failure if the patient is not experiencing any symptoms, and standard ejection fraction assessment does not raise any red flags [16].



In addition, taking diastolic dysfunction into account allows for a more accurate prognosis of heart diseases other than endo- or pericardial (where different mechanisms are involved). In a nutshell, this is because diastolic dysfunction betrays the structural deterioration taking place at the level of myocardial cells and matrix. Basically, the myocardial stiffness resulting from collagen damage, interstitial fibrosis, and inflammation delays the relaxation period with negative consequences further down the chain of the diastolic and filling pressure [17,18,19,20].



It is important to identify metabolic and structural changes in the heart as early as possible because, in time, they bring about the progressive impairment of cardiac structure and function leading up to irreversible heart failure (HF; Figure 2). The known mechanisms and pathways involved in early cardiomyocytic damage and subsequent aggravation are metabolic disturbances (decreased glucose oxidation, increased free fatty acids), impaired cellular function (inadequate calcium handling, augmented oxidative stress, mitochondrial dysfunction), structural alterations (advanced glycation end-product, cardiomyocyte hypertrophy), in addition to the activation of the renin-angiotensin-aldosterone system (fibrosis and cardiomyocyte stiffness) and cardiac autonomic neuropathy. These are triggered by hyperglycemic and lipotoxic anomalies related to insulin resistance, the prominent feature in type 2 diabetes [21,22,23,24,25,26,27,28,29,30]. Figure 2 summarizes the cellular, structural, and functional anomalies, the main imaging features, and the serological biomarkers involved in the earlier stages of diabetic cardiomyopathy [23,25,31,32,33,34,35,36,37].



Research has been fruitful in unraveling the more subtle metabolic and structural mechanisms involved in diabetic cardiomyopathy, but important challenges still remain. For one, since diabetes-related cardiomyopathy was studied mostly in patients with a long history of diabetes, the current definition of cardiomyopathy does not address early, insidious, subclinical pathophysiological alterations. These are now generating substantial scientific interest, but existing datasets do not hold all the necessary information. More prospective studies are needed to take a new understanding of relevant molecular processes and signaling pathways from research on mice to human cohorts. Moreover, it is difficult to single out the individual contributions of hyperglycemia or of hyperinsulinemia (secondary to insulin resistance and specific to type 2 diabetes) from other risk factors such as hypertension, obesity, or coronary heart disease, because most diabetic patients enrolled in clinical trials feature a combination of these comorbidities [32,35,38,39,40]. Low levels of anti-inflammatory molecules from the sirtuin family (SIRT1, SIRT6) have recently been measured in the abdominal adipose tissue of obese, CVD-free, pre-diabetic patients, concurrent with high levels of inflammatory markers. However, according to our searches, data supporting a relationship between low levels of sirtuins and diastolic dysfunction in type 2 diabetes patients are yet to be reported in the literature, as it has already been done with regard to low SIRT1 and altered values of the myocardial performance index [41,42].



When such limitations are resolved, the scientific and clinical community will be in a better position to expand and optimize early diagnostic and therapeutic approaches. At present, various techniques using biomarkers and imagistic assessment methods can detect subclinical manifestations involved in cardiac dysfunction before it reaches more advanced, overt stages. A practical guide comprehensively pooling high-sensitivity, high-specificity approaches together would maximize these opportunities for early subclinical sign detection, prevention, and possibly even reversal in the target population [23,32,35,37].



The mechanisms outlined above help define a restrictive phenotype of cardiomyopathy in diabetes and are also consistent with the imagistic pattern of heart failure with preserved ejection fraction (HFpEF). However, the ejection fraction commonly used to diagnose heart failure is not a reliable indicator of cardiomyopathy in type 2 diabetes because it may still be preserved even if the LVDD has already set in (and is often present in T2DM). More elaborate imagistic measurements are needed in addition to the usual ratio between E and A waves (E/A) (Figure 3) in order to adequately assess diastolic function and detect potential heart impairment in these patients. These measurements are easy to do and should be commonplace if the diabetic patient is in sinus rhythm [43,44].




3.2. Echocardiographic Assessment Approaches


Transthoracic echocardiography is the preferred approach in assessing heart functions due to its non-invasiveness. According to the 2009 and 2016 guidelines [9,10], multiple parameters need to be measured in order to estimate left ventricular relaxation and subsequent filling pressures:




	
Peak of passive filling (E wave), peak of active filling (A wave), E/A ratio, deceleration time of E wave (EDT) with pulsed Doppler (Figure 3);



	
Isovolumetric relaxation time (IVRT) (Figure 4), early diastolic annular velocity E’ (septal, lateral, and average), late diastolic annular velocity A’ (septal, lateral, and average) via tissue Doppler imaging (TDI) (which measures myocardial tissue velocities during the cardiac cycle);



	
Tricuspid regurgitation peak velocity (TRpV; Figure 5) with CW (continuous Doppler) on tricuspid regurgitation jet;



	
S and D wave peak velocity on right superior pulmonary vein flow in pulsed Doppler (Figure 6);



	
Left atrial size assessed by area or better by left atrium volume (indexed) (LAVi; Figure 7).








The 2016 guideline revised and expanded the one from 2009 with regard to how such parameters may be used to distinguish between different patterns of diastolic function when the left ventricular ejection fraction is normal (Figure 7). In 2019, the guide was further expanded in order to facilitate wider scale understanding and application in routine clinical thinking and decision-making (Figure 8) [10,45,46,47].



However, these measurements must be correctly assessed, according to the current recommendations, by experienced operators ideally accredited by national societies or the European Society of Cardiology [48].




3.3. Diastolic Dysfunction—Where Are We Now?


Since 2016, several researchers reviewed the differences between the two algorithms [49] and conducted comparative analyses of existing data sets containing the necessary measurements to allow processing based on the updated version (e.g., the addition of peak tricuspid regurgitation velocity for establishing the severity of diastolic dysfunction) [13,50,51]. Additional insights from studies enlisting various proportions of diabetics in their cohorts (ranging from 6% to 30%) are discussed below.



For instance, Almeida et al. looked at their 1000 subject dataset retrospectively, in which 114 were confirmed with type 2 diabetes and more than half of were at risk of diabetes. What emerged from the comparison was that the prevalence of diastolic dysfunction was considerably higher using the 2009 algorithm (38.1%), whereas it was almost negligible when assessed with the updated version (1.4%) [13]. In another retrospective analysis, a concordance of only 43% between the classifications using the two algorithms was reached, mostly with regard to normal function and mild dysfunction [51]. These findings point to the newer algorithm as potentially better suited for the assessment of moderate to severe cases, for which therapeutic management could thus be intensified. For the low grade diastolic dysfunction, the application of the algorithm may rather help with recruiting patients in screening programs.



Moreover, after monitoring 157 patients, of which 45 were diagnosed with T2DM, over the course of five years, Sanchis et al. found that the 2009 guidelines might overestimate the prevalence of first degree diastolic dysfunction, while the 2016 recommendations facilitated better prediction of cardiovascular events (similar conclusions were recently reported by Fabiani et al. in 2019) [50,52]. The latter algorithm, on the other hand, also resulted in labeling 36 patients as “indeterminate”, compared to no such cases when the former was applied [50]. Another application of the same guideline on a cohort of 235 Spanish patients with metabolic syndrome, of which 52 confirmed diabetics, resulted in a prevalence of diastolic dysfunction as low as 3%, while 58% were rated as normal and 39% were “indeterminate” before conducting further cardiopulmonary exercise tests [53].



With specific regard to patients graded as “indeterminate”, their clinical and echocardiographic characteristics seem to more closely resemble diastolic dysfunction rather than normal diastolic function. The similarities were found by Shimron et al. in a retrospective analysis of 1674 cases (20% diabetics), and they encompassed an elevated risk ratio for heart failure symptoms in both the “indeterminate” and the diastolic dysfunction groups compared to normal [54]. In our opinion, such results can inform the inclusion of “indeterminate” patients in screening programs for heart failure and justify the implementation of early therapeutic measures.



In his 2017 review, Fraser pointed out that seemingly objective and straightforward algorithms were being applied with a degree of variability depending on clinicians’ understanding and experience, creating the risk of over-, under-, and misdiagnosis. With regard to diastolic function, he noticed that the variables included in the latest algorithm accounted for a large number of combinations, leading to the impractical classification of some patients as “indeterminate”. Moreover, while imagistic technology had been perfected to provide high levels of specificity and sensitivity, there was also cognitive overload and bias undermining the effective and consistent interpretation. Consequently, Fraser urged for transdisciplinary collaboration towards automated systematization by pooling databases together and using machine learning to optimize both processes and results [55].



One interesting example of such an undertaking is by Tamas and Nylander who, in 2016, created an automated assessment process and compared its performance to two rounds of manual interpretation of the same data at different times. The inter-rater agreement between manual assessments was less than moderate, and it was poor between automated and manual, which demonstrates substantial variability in how algorithms are applied by clinicians [56]. Moreover, the discussion of methodology in Bamaiyi et al. illustrates how difficult it may be to observe guidelines fully, consistently, and accurately (e.g., keeping to the recommended number of diagnostic criteria throughout) [57].



Such contributions, as well as the challenges of interpretation in clinical practice, have been acknowledged by Nagueh, the lead author of both guidelines. His advice to practitioners and researchers is to include clinical findings, conduct complete measurements, and consider specific pathological conditions when applying the algorithm in order to minimize “indeterminate” classifications [58]. Indeed, in a recent coordinated effort employing both echocardiographic and invasive means, the importance of specialized training and experience was assessed with regard to how result interpretation may vary among clinicians. The inter-observer agreement was found to be good especially when the procedure is conducted in accordance with the 2016 guidelines and the data are carefully measured [59]. In our view, such validation by invasive methods and reliability in practice makes for a compelling argument in favor of mainstreaming this approach.



With regard to the need and opportunity for preventive screening, until recently, patients with diabetes were not among those for whom such programs were recommended [60]. However, a recent prospective study used the 2016 guidelines to identify diastolic dysfunction in 47% of the 219 diabetic patients without cardiovascular complications, who had been monitored over a period of five years. A predictive model was proposed based on clinical, ECG, and echocardiographic data. When diastolic dysfunction was assessed and computed into the model, the power to predict the risk of adverse events improved [61]. Thus, it may be worth devising screenings of diabetic subjects who meet certain criteria but do not yet experience the clinical symptoms of heart failure, in order to prevent related incidents. Some hurdles yet to overcome are, first, to assess the cost-effectiveness of such programs, and, second, to allocate the necessary resources.



Another perspective that has been considered is the extent to which diabetes per se, versus in association with other factors, can exert an aggravating influence on the diastolic function of the patient. For instance, while an increased body mass index (BMI) (overweight and obesity) was found capable of worsening systolic and diastolic function independently [62], it seems that diabetes can act in a similar fashion; and, importantly, in the presence of both, negative effects accumulate [63]. Likewise, diabetes was proven to distort diastolic function both together with and independently from associated hypertension, which is already known to alter the left ventricle [64].



Moreover, the mean E/e’ ratio was found in several studies to be higher in diabetic patients, including those who do not exhibit overt cardiovascular manifestations (see Zopinni et al.’s meta-analysis of 15 cross-sectional studies, published in 2018). The question is whether or not an elevated E/e’ index is an indication, or even a “hallmark”, of early diastolic alteration in diabetic cardiomyopathy. However, not everyone is convinced of this assertion based on research pointing to modifications occurring possibly even before the onset of diastolic impairment [65]. In our experience, a more comprehensive picture of diabetes-induced cardiac modifications, which are slow to unfold, may be better achieved by assessing the E/e’ ratio not alone but in combination with LAVi. As a volumetric parameter, LAVi is less susceptible to the patient’s heart physiology at the time of measurement because it is a consequence of chronic diastolic dysfunction [66].




3.4. Additional Remarks


3.4.1. General Patient Information


When interpreting echocardiographic data using algorithms for classification of diastolic dysfunction, the demographic profile of patient cohorts may bear relevance. For instance, D’Andrea et al. applied the 2009 and 2016 algorithms to a healthy population of 1168 Caucasians and found statistically significant E/e’ differences in men versus women. In addition, this index appeared to also naturally increase with age [67] without it being a prognostic indicator of cardiovascular outcomes, since the study was conducted on healthy individuals [68]. Tamas and Nylander took this a step further by proposing actual correction values based on age when using the 2016 algorithm to interpret a patient’s echocardiographic results [56].



A similar argument can be made about anthropological characteristics such as height and weight. These are computed into the Body Surface Area (BSA), which is then used to determine the Left Atrial Volume index (LAVi), one parameter included in the assessment of diastolic function. As an example, healthy native Dutch people are generally taller and, consequently, they have higher BSAs. When assessing left atrial parameters and indices in Dutch patients, van Grootel et al. suggest that normative values be adjusted accordingly [69].




3.4.2. Alternative Diagnostic Methods


Myocardial properties susceptible to diastolic dysfunction can nowadays be investigated non-invasively in a variety of ways. They include mechanical deformation (by speckle tracking), fibrosis and ischemia (by magnetic resonance imaging), autonomic dysfunction (by nuclear imaging), and filling pressure during physical exertion (by exercise stress testing) [35,66,70,71,72,73]. However, the potential for these innovative methods to reach far and wide and facilitate early detection is inhibited by their substantial costs and complexity—a further need for standardization—and, in some cases, even health hazards (e.g., radiation).




3.4.3. Treatment Spin-Offs


There is consensus on both sides of the Atlantic regarding the management of hyperglycemia required in case of already established atherosclerotic cardiovascular disease [74]. However, for patients with diabetes more broadly at risk of developing cardiac pathology, the respective guidelines are less prescriptive. Certain medication aimed at lowering blood glucose levels in diabetic patients has also been found to provide cardiovascular benefits. Expert reviewers have noted that diabetes is capable of exerting a degree of influence on the pathological mechanisms leading to heart failure which, in its early stage, entails diastolic dysfunction. This relationship may explain why cardiac benefits were acknowledged in diabetic patients treated with novel antihyperglycemic medication such as sodium-glucose cotransporter-2 inhibitors and Glucagon-like peptide-1 receptor agonists [1,24,75,76,77,78,79]. Further studies are being undertaken with regard to maximizing therapeutic outcomes [80].






4. Limitations of The Study


Note should be made that this is a narrative review and that we considered the possibility of including more studies from before 2016, ultimately deciding against it. These would have introduced too much heterogeneity in the underlying conceptual framework of definitions and criteria, as Selmeryd et al. and Bouthoorn et al. had already encountered in their reviews of studies from before the publication of the 2016 LVDD algorithm [81,82]. Similarly, in a recent meta-analysis of 15 cross-sectional studies from 2005 to 2017 regarding the E/e’ index as an updated criterion in the 2016 algorithm, the equipment used and other factors not part of the algorithm were found as sources of substantial heterogeneity [12].



Among the selected papers, some used prediction models based on echocardiographic parameters in combination with biomarkers (e.g., N-terminal pro brain natriuretic peptide (NTproBNP), which cardiomyocytes produce when subjected to mechanical stress) [83]. While we appreciate that such approaches afford a more accurate process of diagnosing systolic and diastolic heart failure, we chose not to pursue this lead. This is mainly because, in low resource countries, the costs of such tests are significant and would make wide scale screening programs prohibitively expensive. Cost-efficiency issues aside, prospective heart failure studies enrolling asymptomatic T2DM patients may help establish if myocyte stress biomarkers (BNP, ST2) can predict HFpEF-related events. High levels of these markers have already been associated with a worsening prognosis in HFrEF patients with associated metabolic syndrome and who were treated with implantable cardioverter defibrillators [84].



We are aware of the current medical interest in the understanding of molecular mechanisms that could lead to new discoveries and theories explaining the onset and development of heart failure with preserved ejection fraction in patients with type 2 diabetes. However, we took note of methodological limitations in this area (e.g., inappropriate experimental designs and insufficient supply of tissue samples from human subjects) and hence our choice was to err on the side of caution [85].




5. Conclusions


What we have learned with regard to the diagnosis and grading of diastolic function is that the latest, 2016 guideline appears to serve best in identifying the more severe cases. Moreover, the echocardiographic parameters, such as the diastolic index E/e’, were found to be predictors of adverse cardiovascular events. At the same time, while it does not fully cater for the subclinical domain, it does create an opportunity to select the cases classified as “indeterminate” for the purpose of screening for silent CVD and subsequent monitoring.



Concurrently, upon reviewing available studies and in relation to other recent reviews, editorials, and commentaries, we have become aware of the challenges of full investigations and accurate interpretations: equipment model and availability, methodological heterogeneity, patient profiling and matching, inter-observer variability, and clinician experience and expertise. Moreover, the underlying demographic and anthropological profile of the population to which the patient belongs may further interfere with interpretation and results, in conjunction with known associated comorbidities. Such difficulties have imprinted a significant degree of heterogeneity onto existing scientific endeavors and outcomes. As guideline improvements are constantly sought, retrospective and comparative studies are useful but limited to those databases affording analyses with updated parameters and formulae.



With or without the ‘usual suspects’ in the picture (aging, obesity, metabolic syndrome, hypertension), diabetes can distort diastolic function by itself and contribute to the snowball effect of serious cardiac complications such as heart failure. In the daily clinical practice of managing the wide spectrum of complications related to diabetes, not all clinicians may fully appreciate the significance of detecting diastolic dysfunction early, or lack methodological capacity to do it. Therefore, the widespread screening of diabetic patients, aiming to detect subclinical manifestations as early as possible, makes clinical sense. Current concerns regarding the poor cost efficiency of such programs could be outweighed by more scientific evidence into the long term benefits of early detection and prevention.



While researchers have been including patients with T2DM in their cohorts, practitioners could learn more from further studies focusing exclusively on the aforementioned diabetic profile (Figure 2) via robust methodologies of matching subjects with control groups. Moreover, more longitudinal research is needed to trace the slow progression, regression, or stagnation of subclinical cardiac manifestations over longer periods of time. Such studies would require rigorous monitoring and planning in order to account for inherently confounding factors (personal, clinical, and institutional). Given the scale and complexity of the issues, technological advances in the field of big data, artificial intelligence, and online collaboration should be taken advantage of. A multi-centric, inter-disciplinary, semi-automated approach to collecting, processing, interpreting, and studying such information would, on one hand, help reduce variability and heterogeneity while, at the same time, advancing our understanding of asymptomatic CVD in type 2 diabetes to enable preventative screening.
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Figure 1. Flow chart for the study. 
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Figure 2. The pathways of left ventricular diastolic dysfunction in diabetic patients. AGEs: advanced glycation end-products; CT-1: cardiotrophin-1; FAB4: fatty acid-binding protein 4; MMP-3: matrix metalloproteinase-3; NO: nitric oxide; NTproBNP: N-terminal pro brain natriuretic peptide; PTX3: pentraxin-3; ROS: reactive species of oxygen. 
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Figure 3. Echocardiographic assessment of mitral flow with pulsed Doppler in a patient in sinus rhythm. A: A wave velocity (cm/s); E: E wave velocity; EDT = E wave deceleration time. 
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Figure 4. Echocardiographic assessment of isovolumetric relaxation time (IVRT) by Tissue Doppler Imaging (TDI). Am (or A’): late diastolic annular velocity (septal, lateral, and average) via tissue Doppler imaging; Em (or E’): early diastolic annular velocity (septal, lateral, and average) via tissue Doppler imaging; Sm: systolic annular velocity; TRIV: isovolumetric relaxation time. 
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Figure 5. Echocardiographic assessment of tricuspid regurgitation peak velocity (TRpV) by continuous Doppler (CW) on tricuspid regurgitation jet. V: velocity; P: gradient (is 4V2). V: specific echocardiographic parameter (it does not mean a measurement data). 
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Figure 6. Echocardiographic measurement of S and D wave peak velocity by pulsed Doppler on right superior pulmonary vein flow. D: peak velocity of diastolic wave: RA: peak velocity of reverse atrial wave; peak S: peak velocity of systolic wave. 






Figure 6. Echocardiographic measurement of S and D wave peak velocity by pulsed Doppler on right superior pulmonary vein flow. D: peak velocity of diastolic wave: RA: peak velocity of reverse atrial wave; peak S: peak velocity of systolic wave.



[image: Diagnostics 09 00121 g006]







[image: Diagnostics 09 00121 g007 550] 





Figure 7. Echocardiographic measurement of left (and right) atrial volume by disks method. V: specific echocardiographic parameter (it does not mean a measurement data). 
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Figure 8. The main parameters included in 2009 and 2016 guidelines regarding LVDD. A: peak A wave velocity; Ar-A: difference between duration of A wave flow reversal and duration of the mitral A wave; E: peak E wave velocity; e’: early diastolic annular velocity e’ (septal, lateral, and average); E/A: E/A ratio; E/e’: ration between E velocity and mitral annular e’ velocity; LA left atrium; LAVi: left atrial volume indexed; DT: deceleration time of E wave; Val E/A: change in E/A with Valsalva maneuver; TRpV: peak velocity of tricuspidian regurgitation. 
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