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Abstract

The incidence of diabetes mellitus (DM) is increasing rapidly. DM is the leading cause of cardiovascular diseases, which can lead to varied cardiovascular complications by aggravated atherosclerosis in large arteries and coronary atherosclerosis, thereby grows the risk for macro and microangiopathy such as myocardial infarction, stroke, limb loss and retinopathy. Moreover diabetes is one of the strongest and independent risk factor for cardiovascular morbidity and mortality, which associated frequently rhythm disorders such as atrial fibrillation (AF) and ventricular arrhythmias (VA). The present article provides a concise overview of the association between DM and rhythm disorders such as AF and VA with underlying pathophysiological mechanisms. 
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Cor tip: The incidence of diabetes mellitus (DM) is increasing rapidly. DM is the leading cause of cardiovascular diseases. Atrial fibrillation (AF) and ventricular arrhythmias (VA) are most common form of arrhythmias, which lead to cardiovascular complications and mortality in patients with DM. The present article provides a concise overview of the association between DM and rhythm disorders such as AF and VA with underlying pathophysiological mechanisms.
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INTRODUCTION
Diabetes mellitus (DM) is recognized as a major cardiovascular (CV) risk factor and its close relationship with cardiovascular morbidity and mortality is well established[1]. Although coronary artery disease and related cardiac events are the most documented diabetic cardiovascular effects, cardiac electrical system is also an important target for diabetic damage. In Framingham heart study, DM is established as an independent risk factor for atrial fibrillation (AF) after 38 years of follow up[2]. A recent meta-analyses published by Huxley et al[3] revealed that patients with DM had a 40% greater risk of developing AF compared to patients without. On the other hand, there has been growing evidence about the relationship between hypoglycaemic episodes and ventricular rhythm disorders for the recent years[4,5]. The relationship between DM and arrhythmic disorders is not fully understood yet and there is a growing population of DM patients everyday. This relationship is expected to become more of an issue in the near future. Here we would like to present a brief overview on this relationship especially for AF and ventricular arrhythmias.

Diabetes and atrial fibrillation

AF is the most common arrhythmia in clinical practice resulting in major cardiovascular morbidity and mortality[6]. Earlier The Framingham Study and recently a study from Movahed et al[7] clearly established that DM is a powerful and independent risk factor for the development of AF. This close relationship between AF and DM raises the question for pathophysiological basis for this entity. Although there is no single and easy answer for this question, both electrical and anatomical remodelling seems to be important keys of these complex pathophysiological changes.

Extensive fibrosis in the atrial tissue is the anatomical hallmark of AF with a role in both starting and perpetuation of the arrhythmia and as the fibrosis expands it is more likely that paroxysmal AF transforms into permanent or anti arrhythmic resistant type[8,9]. Kato et al[10] showed that DM related atrial fibrosis has a potential role in starting AF in diabetic rat models. Exaggerated systemic and tissue level oxidative stress seems to be the key element in atrial fibrosis related to DM. Dudley et al[11] evaluated the superoxide anyone levels in a pig atrial model. The study compared the levels of superoxide in left atrial appendage between the sinus rhythm group and atrial rapid pacing (ARP) group. Results showed that in the ARP group left atrial superoxide anion levels were almost three times higher than the control group. Another study from Anderson et al[12] showed that mitochondrial oxidative stress is increased in diabetic human atrial tissue. These studies may show that despite increased levels of systemic oxidative stress in DM, there may be a production of reactive oxygen species via mitochondrial pathway specifically at the atrial tissue level.

Non-enzymatic glycolisation of proteins and the end products of this pathway (Advanced Glycation End products; AGEs) interact with their receptors (RAGE) and upregulate the connective tissue growth factor (CGTF)[13]. This system (AGERAGE) may start or contribute to atrial fibrosis in diabetic patients via stimulation of connective tissue growth factor in the atrial myocardium[14].

Dysfunction in the autonomic innervation and control of cardiovascular system is defined in diabetic patients[15]. It seems that autonomic imbalance in favour of sympathetic system, which might have a role in the onset of AF. Otake et al[16] previously documented that excessive sympathetic stimulation in streptozocin induced diabetic rats increases the incidence of AF compared to control group. Further electrophysiological studies in the diabetic rat atrium revealed shortened atrial effective refractory period (AERP) and increased dispersion of AERP. Another clinical study suggested that reduced heart rate recovery in type 2 DM patients with preserved ejection fraction is associated with increase in the incidence of AF[17]. These clinical and laboratory studies imply that autonomic dysfunction has a role in the pathogenesis of AF in DM patients. 

Atrial electrical structure is also affected in diabetic patients. Shortened AERP increased dispersion of AERD and intra atrial conduction time, which are the key elements of atrial electrical remodeling[16,18]. Chao et al[19] analyzed the detailed three-dimensional electro anatomic mapping of 228 patients who has DM or abnormal glucose metabolism (AGM) and underwent AF ablation for the first time. Results showed that biatrial voltage measurements in DM and AGM group were significantly lower than control group. Furthermore these patients also had increased recurrence rate of AF in the follow up period. Acar et al[20] has shown in their published study, that patients with DM had significantly increased inter and intra atrial electro mechanic delay with impaired diastolic functions comparing to control group. On the other hand, it has been shown that there is a specific change in cell to cell integration in DM patients. In a streptozocin induced diabetic rat model study, connexin 43 expression was significantly higher than connexin 40 in diabetic rat atria, which may sign that connexin 43 expression is upregulated in diabetics as a gap junction protein[21].

Conversely, there are some other data suggesting that fluctuations in the blood glucose level rather than the long-term hyperglycemic environment is related to increase in the incidence of AF in diabetic patients[22]. Saito et al[23] showed that glucose fluctuations increase the incidence of AF in streptozocin induced diabetic rat models. Huxley et al[24] failed to show any correlation between fasting glucose, insulin levels, HbA1c levels measurements and AF onset in patients without diabetes. Another clinical study from Fatemi et al[25] prospectively evaluated the affect of intense glycemic control on incidence of AF in diabetic patients. Interestingly, they failed to present any association between incident AF and intense therapy comparing to standard therapy group. However, their choice of periodic electrocardiographic testing instead of event recorders might alter the results in terms of missing the paroxysmal AF episodes occurring any time besides the office control.

There are no randomized data specifically addressing the effect of DM in other supraventricular arrhythmias, but there are case reports discussing whether acute changes in metabolic profile during ketoacidosis episodes might trigger arrhythmias such as supraventricular tachycardia[26]. 

Overall, DM seems to be acting a pivotal role in generation and maintenance of AF in diabetic patients. Specific structural, electrical and electromechanically alterations in diabetic heart might create an anatomic substrate for the development of AF. On the other hand, acute hypo or hyperglycemia changes in electrolyte levels or acid-base status and autonomic system distortions may be a trigger mechanism for the arrhythmia (Figure 1). It is clear that there are still dark spots about the relationship between AF and DM that warrants further studies.
Diabetes and ventricular arrhythmias

Cardiovascular diseases (CVD) are the leading cause of death in diabetics and DM is almost a synonym for atherosclerosis and coronary artery disease. High incidence and extent of atherosclerotic heart disease in diabetics leads to high incidence of ventricular arrhythmias (VA) and sudden cardiac death (SCD) inevitably[27-29]. Although this close relationship between VA, SCDs and DM is mostly based on the extent of coronary artery disease among diabetics, non-coronary atherosclerotic processes like autonom neuropathy, microvascular disease, ventricular structural and electrical changes may partly play a role in this phenomenon[30].

A ventricular repolarization anomaly, which is reflected by QTc interval prolongation, is associated with high risk of VA. There are several studies showing, marked QTc prolongation in diabetic patients[31]. Another strong predictor of VA, microvolt T wave alternans (TWA) measurement, has been studied in type 2 diabetic patients without known CV disease, considering the glycemic status in each patient (which is reflected by HbA1c levels)[32]. In this small study, the frequencies of atypical TWA patients were significantly higher than the control group. In the diabetic patient group, patients with atypical TWA measurements had significantly elevated HbA1c levels, which is concluded as every 1% percent rise in HbA1c levels is linked with 13 fold higher risk of having atypical TWA and suboptimal glycemic control is linked with higher risk of spontaneous VA independent of QTc interval duration. These results from the studies are signing an electrical instability of diabetic myocardium, which creates a potential substrate for ventricular arrhythmias independent from the scarred myocardium areas from previous ischemic cardiac damages. On the other hand, autonomic neuropathy of diabetes results in an unbalanced sympathetic stimulation on myocardium, which may further contribute to this electrical instability and predispose to lethal arrhythmias[33]. In this context, cardiac sensory neuropathy of diabetics is another important issue that causes VA and sudden death indirectly via silent ischemia[34].

As DM creates a vulnerable myocardium for arrhythmias, it seems to be involved in the triggering mechanism for these arrhythmias too. A study from Chen-Scarabelli et al[35] investigated if there is a relationship between HbA1c levels and risk of VA in patients with implantable cardioverter defibrillators (ICDs) retrospectively. The study included 141 patients with DM and 195 patients without DM. A significant association between HbA1c levels of 8%-10% and spontaneous VA incidence in diabetic patients was observed, rather than the diabetic condition and independent from QT prolongation, stating that suboptimal glycemic control and persistent hyperglycemia is related with higher risk of spontaneous VA. On the other hand, in another randomized prospective study, link between hypoglycemic episodes and VA in patients with Type 2 DM and documented CVD is investigated[4]. In this study, there were 30 patients treated either with insulin and/or sulfonylureas (SU) and there was an age matched control group of 12 patients treated with anti hyperglycemic agents with low risk of hypoglycemia. There were high incidence of hypoglycemia and silent VA in the insulin and/or SU group comparing to control subjects. A study from Pistrosch et al[5] further analyzed effects of hypoglycemia as a trigger for VA in larger patient cohort with type 2 DM revealed that hypoglycemia might be able to trigger VA and interestingly a tiroid stimulating hormone (TSH) level in the low-normal range, which indicates subclinical hypertiroidism, is indepently associated with occurrence of VA. Although these two studies provide no casual relationship between hypoglycemia and VA in diabetic patients, it may be postulated that hypoglycemia may be triggering VA either with sympathetic overstimulation or QT prolongation[36].

Interestingly, another study investigating the association between diabetes and VA in patients with severe heart failure revealed a negative independent relationship with diabetes and VA in this patient group. Moreover, the authors concluded that DM might have a protective effect for the occurrence of VA in the setting of decompensated heart failure[37].

In summary, DM might play a critical role in creating a vulnerable substrate and/or as a trigger for VA besides the expected risk based on the high extent and incidence of coronary artery disease. Conversely, there is clinical data that claims DM has a protector effect for VA at least in certain group of patients. Unfortunately, there is not enough randomized large-scale data in the literature to suggest a definite relationship and clear pathophysiological mechanisms for this entity. 
CONCLUSION
AF and VA are most common form of arrhythmias, which lead to cardiovascular complications and mortality in patients with DM. Although, there are an evidence based risk factors for an arrhythmogenic substrate that may be specifically related to diabetes, such as heterogeneities in atrial and ventricular repolarization, the extend of myocardial damage, scar formation, autonomic system distortion, glucose fluctuations as well as structural and electrical alterations, the causal pathophysiological and electrophysiological mechanisms are warranted in further studies. 
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Figure 1 Potential pathophsiological mecahnisms of atrial fibrillation in patients with diabetes mellitus. 
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