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Abstract

:

Diabetes mellitus (DM) is a widespread chronic disease with a prevalence that is expected to further increase in the near future. The classical management of DM includes the normalization of the glycometabolic profile and the evaluation of cardiac and cerebral vascular health by the intervention of an array of different specialists. However, so far, sexual dysfunctions are still a neglected complication in patients with DM, although there is an elevated prevalence of this long-term complication in male and female patients. Furthermore, some of them may represent a sign of vascular alteration and/or hypogonadism and require timely management to prevent the onset of major adverse cardiac events. This narrative review briefly summarizes the current evidence on epidemiology, pathogenesis, diagnosis, and therapy of erectile dysfunction in male patients with DM to support diabetologists in clinical practice.
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1. Introduction


Diabetes mellitus (DM) is a chronic and widespread disease, with a global prevalence of 9.3% in 2019. Worryingly, its prevalence is expected to increase in the near future, by 25% in 2030 and by 51% in 2045 [1]. Several long-term complications are associated with DM, such as diabetic nephropathy, retinopathy, neuropathy, and micro- and macro-angiopathy. Sexual disorders represent one of the neglected long-term complications that can affect both male and female diabetic patients. In men, DM-related sexual dysfunction includes disorders of erection and ejaculation. Their timely diagnosis and proper management would allow not only the increase of the patients’ wellbeing and quality of life but can positively impact the primary prevention of major adverse cardiac events (MACEs).



Therefore, this narrative review briefly summarizes the current knowledge of the relationship between sexual health and DM in men. Epidemiological evidence, pathogenesis, diagnosis, and therapy of sexual disorders, mainly focusing on erectile dysfunction (ED) in male diabetic patients, are discussed.




2. Erectile Dysfunction


ED is defined as the persistent failure to achieve or to maintain a penile erection satisfactory for sexual intercourse [1]. Penile erectile structures are the corpora cavernosa, which receive blood supplies by the internal pudendal artery that continues as the penile artery. Corpora cavernosa are made of sinusoids capable of notable volume expansion. Furthermore, they are enclosed in Buck’s fascia which rigidly limits their expansion beyond a specific point and this allows the penis to reach its maximal rigidity [2].



A sequential series of events takes place during erection. In the flaccid state, cavernous smooth musculature shows a tonic contraction, allowing only minimal arterial flow for nutritional purposes. When sexual stimulation starts, neurotransmitters are released by the cavernous nerve terminals with an ensuing relaxation of cavernous smooth muscles. This leads to the dilation of the arterioles with a subsequent arterial blood flow increase. Sinusoids in turn expand and the subtunical venular plexus is compressed between sinusoids and the tunica albuginea, decreasing the venous outflow [2]. Erection depends upon the parasympathetic nervous system, which causes smooth muscle relaxation by nitric oxide (NO)-mediated action [2].



As known from physiology, the integrity of both vascular and nervous systems is needed for penile erection. Furthermore, NO-mediated erection is dependent on testosterone (T) serum levels [3]. Therefore, the etiology of ED includes psychogenic (e.g., due to stress, depression, or anxiety [4]) and organic forms. The former in turn comprises endocrine causes, such as hypogonadism, hyperprolactinemia, hyper- or hypothyroidism, Cushing’s syndrome, Addison’s disease, and non-endocrine causes, such as vasculogenic, neurogenic, and/or iatrogenic forms [2].



The vasculogenic etiology includes all the disorders that affect the arterial penile flow (e.g., atherosclerosis, ischemic heart disease, and peripheral vascular disease) and/or the venous outflow (such as venous incontinence, Peyronie’s disease, and altered anatomic integrity of the tunica albuginea) [2]. Neurogenic etiology encompasses lesions of the upper motor neuron, sacral lesions, or pudendal nerve injury. Finally, iatrogenic etiology is extended to pelvic surgery and drug intake (e.g., β-blockers, anti-androgens, and luteinizing hormone-releasing agonists and antagonists, etc.) [2].



2.1. Epidemiology


ED has a very high prevalence among the general population. A recent cross-sectional non-interventional study carried out on almost 10 million American men aged >18 years has reported that 573,313 men (~6%) have ED. The prevalence increases from the age of 18 to that of 59, while it decreases in men from 60 to 90 years [5]. Interestingly, patients with ED showed a significantly higher prevalence of cardiovascular disease (CVD) (18% vs. 10%), DM (24% vs. 11%), and depression (11% vs. 5%) compared to patients without ED. The prevalence almost doubled in all these cases [5].



To better explore the association between DM and ED, other studies have assessed the prevalence of ED in patients with DM. A meta-analysis on 145 studies including almost 90,000 patients (mean age 55.8 ± 7.9 years) showed a prevalence of ED of 52.5% in patients with DM, after adjustment for publication bias [6]. Specifically, the prevalence was 37.5% in type I DM (T1DM) and 66.3% in type II DM (T2DM). Furthermore, the studies (n = 17) that used the Sexual Health Inventory for Men (SHIM) questionnaire to diagnose ED showed a prevalence of 82.7%, thus suggesting an even higher prevalence of ED when an accurate diagnostic tool (more than a simple interview) is used [6]. Other evidence collected in patients with DM, reported an age-dependent prevalence of ED, which also correlates with the severity of DM [7].



This evidence strongly highlights the importance of including ED among the long-term complications of DM, and the crucial role of the diabetologist in the early diagnosis of ED in patients with DM.




2.2. Pathogenesis


As previously discussed, several factors are involved in the pathogenesis of ED. Among these, hypogonadism and vasculogenic etiology are of particular relevance in patients with DM. These aspects should be investigated in diabetic patients complaining of ED.



Hypogonadism is often present in patients with DM. A meta-analysis including 37 cross-sectional, longitudinal, or intervention studies, enrolling 1822 T2DM patients and 10,009 controls, reported significantly lower total T (TT) serum levels in patients compared to controls. The same results were found for free-T and sex-hormone-binding globulin (SHBG) levels. Hence, the risk for hypogonadism is greater in patients with DM than in non-diabetic patients [8]. The reason for this association relies on several pathogenetic mechanisms and, in particular, the insulin- and leptin-dependent altered function of the gonadotropin-releasing hormone (GnRH) neuron. Accordingly, GnRH-neuron-secreting activity is influenced by low or high leptin or insulin levels. Insulin receptors are expressed in GnRH neurons but it is not entirely clear whether insulin influences the function of these neurons [9]. In contrast, leptin, released by the adipose tissue, stimulates kisspeptin secretion by the arcuate nucleus that, in turn, triggers GnRH secretion [10]. Patients without diabetes show an obesity-dependent prevalence of hypogonadism and about 33% of obese men have hypogonadism [11]. Similarly, the prevalence of hypogonadism in patients with DM is influenced by the presence of obesity, reaching about 44% in these latter patients [11]. This is of particular relevance, as highlighted by the high prevalence of hypogonadism in patients with so-called “diabesity”. Therefore, DM2 increases the prevalence of hypogonadism and the resulting low serum testosterone levels further worsen the health of diabetic patients. This further damages endothelial function since hypotestosteronemia reduces the expression and activity of NO synthase and increases asymmetric dimethylarginine (ADMA) expression [12]. ADMA levels correlate with some cardiovascular risk factors and inflammatory markers, so higher C-reactive protein (CRP) levels are commonly found in patients with DM2 and hypogonadism [13,14,15]. Finally, hypotestosteronemia modifies, with an androgen-receptor-mediated mechanism, the effects of insulin on the skeletal muscle by decreasing peroxisome-proliferator-activated receptor-γ. This results in higher insulin resistance and worse glycolipid metabolism [16]. The 2020 Standards of Medical Care in Diabetes, released by the American Diabetes Association [17], suggest measuring serum TT levels in patients with DM and symptoms of hypogonadism (e.g., decreased sexual desire or ED). Therefore, diabetologists have a crucial role in the timely diagnosis of hypogonadism. Proper management of hypogonadism is important to improve glycolipid metabolism and cardiovascular health. Indeed, T deficiency has been associated with MACE and independently predicts in-stent restenosis among patients with acute coronary syndrome [18].



In addition to hypogonadism, chronic hyperglycemia activates alternative biochemical reactions, such as non-enzymatic glycation worsening endothelial function. Advanced end-glycation products (AGEs) show direct toxicity as well as receptor-mediated mechanisms, likely involving MAPK-ERK/JNK pathways, in causing vascular damage induced by glycoxidation [19,20].



Moreover, nervous and vasculogenic factors can play a role in the pathogenesis of ED in patients with DM. Microangiopathy causes distress to the vasa nervorum also involving the pudendal nerve that controls erection. A recent multicenter cross-sectional study has positively associated diabetic neuropathy with severe ED in patients older than 65 [21]. Macroangiopathy is an important long-term consequence of DM as well. Since the erection is based on a competent vascular mechanism, the presence of atherosclerotic plaques can lead to arterial ED. The importance of an early diagnosis of a vasculogenic etiology lies in its value as a marker of coronary artery disease, as the so-called “artery size hypothesis” suggests. According to this hypothesis, since the diameter of the penile arteries is smaller than that of the coronary arteries, arteriosclerosis will first show its effects in the small-diameter arteries leading to ED, and subsequently, symptoms of coronary obstruction will follow [22]. Consequently, an early diagnosis of arterial ED can help diagnose the presence of subclinical coronary artery disease if patients are asked to undergo cardiac evaluation. In fact, a systematic review with a meta-analysis on 154,794 patients recently reported a significant increase in the risk of cardiovascular disease, coronary heart disease (CHD), and stroke in patients with ED compared with those without ED. The risk was 43%, 59%, and 34%, respectively [23]. Similarly, a second systematic review with meta-analysis on longitudinal studies, recruiting 92,757 participants followed prospectively for an average of 6.1 years, concluded that there was a significantly higher risk of cardiovascular events in ED patients than in those without ED [24]. Finally, a meta-analysis of observational studies including 22,586 patients reported an odds ratio (OD) of 1.74 for CHD in patients with DM and ED compared to those with DM but without ED [25]. This suggests that the presence of ED further increases the risk for MACE in patients with DM.




2.3. Diagnosis


The diagnosis of ED starts with the patient’s interview. When the anamnesis suggests the presence of ED, the administration of a validated questionnaire can be useful to objectively assess its presence and severity. In this regard, the International Index of Erectile Function (IIEF) represents a useful and validated tool [26]. In patients with DM referred for ED, the diagnostic flow-chart should include the evaluation of both TT serum levels and penile echo-color Doppler ultrasound (PCDU) examination after intracavernous injection (ICI).



According to the Endocrine Society, the diagnosis of hypogonadism can be made in the case of TT serum levels below the cut-off of 264 ng/dL (9.2 nmol/L) in at least two different measurements [27]. However, it must be considered that DM has been listed among the conditions that lower either SHBG or TT below the normal range. In these cases, the clinician has to consider that a value of free T < 64 pg/mL (220 pmol/L) confirms the presence of hypogonadism [27].



PCDU examination after ICI with prostaglandin (Pg) E1 or derivatives (e.g., alprostadil) is a second-line diagnostic test in patients with ED. Despite the lack of standardization of sampling location [28] and cut-off values, a major effort has been made over the decades to identify PCDU waveforms predicting arterial or venous ED [3]. The PCDU allows the measurement of the peak systolic velocity (PSV) and end-diastolic velocity (EDV) of the cavernous arteries in response to ICI drug administration (most often alprostadil). Both of these parameters describe the characteristics of blood flow in the cavernous arteries during erection and are currently used for the diagnosis of vasculogenic ED. Consequently, a restriction of the lumen of the cavernous artery (e.g., due to an arterial plaque or to a greater media-intima thickness) causes arterial blood flow to slow down and the PSV value decreases accordingly. In this regard, a PSV cut-off value between 25 and 35 cm/s is used as the cut-off. Conversely, in the case of dysfunction of the veno-occlusive mechanism (blood is drained too quickly from the dorsal vein of the penis), the EDV increases (>5 cm/s) [3]. In particular, a retrospective study of up to 300 patients with ED followed for 10 years reported that morphological abnormalities of the cavernous arteries (e.g., stenosis, atherosclerotic plaques, and intima-media thickness) were closely associated with cardiovascular disease. In fact, the risk for MACE was three times higher in patients with morphological abnormalities of the cavernous arteries than in those with normal morphology [29]. Once again, this evidence highlights the crucial importance of correct diagnosis and management of ED, given its consequences on cardiovascular health, especially in patients with DM.




2.4. Therapeutic Options


The therapeutic approach to ED differs according to its etiology. Hypogonadism can be overcome after weight loss in patients with “diabesity” [11]. Indeed, weight loss decreases serum levels of leptin, which increases the secretion of kisspeptin and the function of GnRH neurons, thus restoring hypothalamic-pituitary-gonadal function. Consequently, restoration of T levels to the normal range has been reported in obese and hypogonadal male patients after weight loss by prescribing a very-low-calorie ketogenic diet [30]. In the case of overt hypogonadism, testosterone replacement therapy (TRT) may be necessary [27]. In particular, an 11-year-long longitudinal study showed diabetes remission after long-term treatment with injectable T in patients with hypogonadism and T2DM [31].



There are several formulations available that contain testosterone. They include injectable ones consisting of testosterone undecanoate, propionate, phenyl-propionate, isocaproate, decanoate, or enanthate, or a transdermal gel containing testosterone. The oral formulation is little used in clinical practice due to the difficulty of maintaining stable values of serum testosterone due to the variability of its absorption through the intestinal tract. The choice of the best formulation for TRT depends on patient compliance, as available testosterone-containing available products offer daily, weekly, or monthly administration. Before starting TRT, the risk of prostate cancer and erythrocytosis should be considered. Furthermore, exogenous testosterone temporarily suppresses the hypothalamus-pituitary-testis axis and thus spermatogenesis and fertility. Therefore, TRT should not be prescribed to patients seeking paternity. Alternative treatment is based on the administration of human chorionic gonadotropin [32].



When the cause of ED is vasculogenic, correction of cardiovascular risk factors (e.g., hypertension, hypercholesterolemia, smoking, and obesity) is mandatory. After this step, prescribing phosphodiesterase type 5 inhibitors (PDE5i) is a useful choice. PDE5i acts by hindering the action of the PDE5 enzyme, which in turn increases the bioavailability of NO and cyclic GMP. Several molecules are currently available in clinical practice. These include sildenafil, tadalafil, vardenafil, and avanafil, which differ for bioavailability, pharmacokinetics, affinity, and selectivity for PDE isoenzymes. Sildenafil is mostly used on demand, due to its short bioavailability, while tadalafil can be used daily and could be preferred in patients with contemporary benign prostatic hyperplasia [33]. It is noteworthy that PDE5 is involved in the intracellular signaling of insulin. An in vitro study showed that insulin can stimulate glucose transport via the NO/cyclic GMP pathway in human vascular smooth cells [34]. Furthermore, sildenafil is capable of lowering insulin resistance in human endothelial cells [35]. These findings have led to studies that have assessed the effects of PDE5i on glycemic control in patients with T2DM. The meta-analysis of these studies concluded that sildenafil has no effect on glycated hemoglobin. However, only four studies were included, for a total of only 100 patients with T2DM and 98 controls that were treated with very different doses of sildenafil at various durations [36]. Hence, more evidence based on a greater number of patients and using proper study designs is necessary to better understand the role of PDE5i in the glycometabolic control in patients with DM. Moreover, the benefits of PDE5is have been reported in diabetic cardiopathy, where these molecules can decrease the pro-inflammatory chemokine interleukin-8 [37]. This further indicates the need for a better investigation of the role of PDE5i in patients with DM and ED. Pharmacotherapy also includes local application of alprostadil that can be administered as a topical cream or medicated pellet, both adsorbed via the urethral meatus [38].



Other treatments include vacuum devices, whose efficacy is high but with a slightly increased risk of minor (pain) and major (skin necrosis) adverse events [38,39]. Low-intensity extracorporeal shock wave therapy has been shown to be effective in treating ED by improving the IIEF score and PSV value on the PCDU evaluation [40]. Finally, surgical treatment with inflatable or semi-rigid prosthesis implantation is available for patients who are not responsive to pharmacotherapy or who want a definitive resolution to the problem [38].





3. Conclusions


DM is a chronic and widespread disease whose prevalence is expected to increase in the coming years [1]. Updated knowledge of the complications of this disease is of great importance. However, if some complications are well coded and followed appropriately, sexual dysfunctions and especially ED are not. Nonetheless, ED is a very common complication in male patients with DM. Furthermore, its prevalence increases with advancing age and in patients with long-lasting diabetes and of greater severity, reflecting worse glycometabolic control and worse cardiovascular health. Therefore, an early and timely diagnosis of ED is important to detect the presence of hypogonadism and/or CHD. Correction of cardiovascular risk factors is mandatory in DM patients with ED. Moreover, PDE5is are a useful therapeutic choice, and further studies are warranted to better understand the role of these drugs, if any, in glucose control and cardiovascular health. Taking all these aspects into account, ED can be considered a long-term complication of DM and, in this view, the diabetologist has a pivotal role in its early detection and in the correct management of this aspect (Figure 1).
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Figure 1. Diagnostic and therapeutic algorithm of erectile dysfunction (ED) management in patients with diabetes mellitus (DM). A systematic evaluation for ED should be carried out in patients with DM. Diagnostic assessment should include evaluation of cardiovascular risk, multidistrict neuropathy, testicular function, and secondary ED. Sexual activity is not recommended in patients with NYHA class III-IV, while treatment can be prescribed in those in NYHA class I-II. Testosterone replacement treatment is indicated in patients with hypogonadism having serum total testosterone (TT) levels consistently below 2.5 ng/mL or between 2.5 and 3.5 ng/mL and low calculated free testosterone. 
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