

  jcm-11-03382




jcm-11-03382







J. Clin. Med. 2022, 11(12), 3382; doi:10.3390/jcm11123382




Article



The Role of Antihyperglycemic Drugs and Diet on Erectile Function: Results from a Perspective Study on a Population with Prediabetes and Diabetes



Giuseppe Defeudis 1,*[image: Orcid], Alfonso Maria Di Tommaso 1, Claudia Di Rosa 2, Danilo Cimadomo 3[image: Orcid], Yeganeh Manon Khazrai 2, Antongiulio Faggiano 4[image: Orcid], Raffaele Ivan Cincione 5, Nicola Napoli 1 and Rossella Mazzilli 4





1



Unit of Endocrinology and Diabetes, Department of Medicine, University Campus Bio-Medico di Roma, 00128 Rome, Italy






2



Unit of Food Science and Nutrition, Department of Science and Technology for Humans and the Environment, Campus Bio-Medico University of Rome, 00128 Rome, Italy






3



Clinica Valle Giulia, GeneraLife IVF Center, 00197 Rome, Italy






4



Unit of Endocrinology, Department of Clinical and Molecular Medicine, Sapienza University of Rome, 00185 Rome, Italy






5



Department of Clinical and Experimental Medicine, University of Foggia, 71122 Foggia, Italy









*



Correspondence: defeudisg@gmail.com or g.defeudis@policlinicocampus.it







Academic Editors: Fernando Mazzilli and Matthias D. Hofer



Received: 14 May 2022 / Accepted: 10 June 2022 / Published: 13 June 2022



Abstract

:

Background. The purpose of this study was to evaluate the effect of diet and antihyperglycemic drugs on erectile dysfunction (ED) in a setting of subjects affected by diabetes mellitus (DM) or preDM. Methods. This is a prospective observational study on 163 consecutive subjects with preDM or DM. All patients have undergone a medical evaluation (age, Body Mass Index (BMI), family history of DM, duration of DM, smoking, physical activity, dyslipidemia, cardiovascular comorbidities, and testosterone and HbA1c levels) and the International Index of Erectile Function (IIEF)-5 questionnaire. Results. Overall, the mean age was 62.8 ± 9.3 years, and the mean BMI was 28.4 ± 4.6 kg/m2. The IIEF-5 score mean value was 14.4 ± 6.2 (range 4–25). Among all confounders investigated for their association with the IIEF-5 score, only age and the duration of DM among diabetic patients showed a significant trend. The IIEF-5 score was higher in patients using GLP-1a compared to insulin (16.7 ± 4.7 vs. 12.9 ± 6.2; p = 0.02). This association was confirmed after adjustment for age and duration of DM (p = 0.01). All other treatments were similar (14.9 ± 6.2, 14.8 ± 9.2, 15.3 ± 5.4, and 13.6 ± 6.8 for metformin, sulfonylureas (SU), dipeptidyl-peptidase-4 inhibitors (DPP-4i), and sodium-glucose cotransporter-2 inhibitors (SGLT2i) treatment, respectively). Conclusions. This prospective observational study increases attention and focus on the effect of antihyperglycemic drugs and diet on ED, above all about the role of new classes, showing a significant higher IIEF-5 mean value in patients using GLP-1a compared to patients on insulin treatment.
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1. Introduction


Erectile dysfunction (ED), defined as the inability to achieve or maintain penile erection sufficient to obtain satisfactory sexual activity [1,2,3], can be due to many factors, among which diabetes mellitus (DM) play an important role [4,5,6,7]. DM is one of the most common chronic diseases due to impaired carbohydrate metabolism; alongside diet or nutritional supplements [8,9], educational therapy [10], metformin, sulfonylureas (SU), thiazolinediones (TZD), and insulin therapy, new antihyperglycemic drugs are now widely used for the management of DM, such as dipeptidyl-peptidase-4 inhibitors (DPP-4i), glucagon-like peptide-1receptor agonists (GLP-1a), and sodium-glucose cotransporter-2 inhibitors (SGLT2i) [11].



Considering the effect of antidiabetic treatment on erectile function (EF), a limited number of studies focused on humans are available [12,13,14], so the data are still limited on ED. A study conducted on Metformin use in diabetic men with ED showed an increased International Index of Erectile Function (IIEF) score after treatment [15]. Among the new antihyperglycemic treatments, GLP-1a showed promising effects on EF [16,17], by improving glycemic control and weight loss, while DPP4i and SGLT-2i needed more studies to draw conclusions [14,18,19]. About diet, the Mediterranean diet specifically resulted in effectively preserving EF, while Western diets could be a risk factor for ED [20,21]. The effects of diet of EF are related both to weight loss in men with obesity and T2DM [22,23] as well as to the type of food. Specifically, diets rich in plant foods, mainly the Mediterranean diet, are characterized by a high intake of polyphenols and antioxidants, which could increase nitric oxide (NO) availability [24].



The aim of this work was to evaluate the effect of diet and antihyperglycemic drugs at the time of recruitment on ED, considering both old and new therapeutic approaches, in a setting of patients affected by prediabetes or DM.




2. Materials and Methods


In this prospective observational study, 167 consecutive patients were enrolled from November 2021 to March 2022. All patients were admitted to the Department of Endocrinology and Diabetology of the University Campus Bio-Medico of Rome because they were affected by DM or prediabetes. Inclusion criteria were: (1) male sex; (2) age between 18 and 75 years; and (3) DM or prediabetes. At recruitment, patients underwent (a) a medical history evaluation; (b) anthropometric measurements such as Body Mass Index (BMI) calculated with formula: weight in kilograms/height in metres2 (BMI categories: normal weight < 25 kg/m2, overweight 25–29.9 kg/m2, obesity > 30 kg/m2); and (c) hormonal and biochemical assays. In addition, anamnestic forms were administrated by physicians and answered by all participants. The forms included: (a) personal information (date and place of birth), (b) personal and family history (parents or siblings) of DM; (c) lifestyle habits, including cigarette smoking (not/yes/in the past) and physical activity (no/yes, evaluated as at least 150 min/week of moderate-intensity activities, as reported by the Association of Diabetologists and Italian Association of Diabetology (AMD-SID) Guidelines [25]); (d) duration of DM; (e) cardiovascular (CV) comorbidities (CV events and hypertension); (f) dyslipidemia (not/yes); (g) diet (no/yes); and (h) antihyperglycemic drugs (metformin, DPP4i, SGLT-2, GLP-1a, insulin, or SU). The dietary scheme was indicated by nutritionists, in accordance with AMD-SID [25] and the American Diabetes Association (ADA) [26] guidelines, following the Mediterranean balanced diet. Specifically, the Mediterranean diet provides (a) carbohydrates < 130 g/day; (b) protein 10%–20% total calories intake; (c) total fat 20–35% of total calories intake, mainly polyunsaturated and monounsaturated fats; (d) sodium consumption of < 2.3 mg/day; and (e) alcohol not more than 20 g per day.



The choice of the DM or preDM pharmacological treatment was made according to the characteristics of the patient (age, glycemic compensation, and comorbidities), according to AMD-SID [25] and ADA guidelines [11].



Moreover, blood samples were obtained at 8:00 am and the plasma levels of total testosterone, glycosylated hemoglobin (HbA1c), triglycerides, high-density lipoprotein (HDL), and low-density lipoprotein (LDL) were measured. Chemiluminescence microparticle immunoassay (CMIA) and immunoassay (CLIA) were assessed. To evaluate EF, all patients completed the International Index of Erectile Function (IIEF)-5 questionnaire, a validated tool to outline ED (score: no ED > 21, mild ED 17–21, mild to moderate ED 12–16, moderate ED 8–11, severe ED 5–7) [27]. The IIEF-5 questionnaire was self-administered and fulfilled individually by pen and paper by each participant in a dedicated hospital room, without any possible influence and/or interference from physicians or other healthcare professionals. The primary outcome was to assess IIEF-5 according to the antidiabetic treatment administrated to each patient, namely diet, metformin, DPP4i, SGLT-2, GLP-1a, insulin, or SU. Patients in each specific group were on treatment for at least 6 months. Patients receiving metformin plus one of the other treatments were clustered according to the second one. Patients receiving insulin plus one or more than one of the other treatments were clustered in the insulin group. Patients referring to no regular sexual intercourse in the past six months, as required by the IIEF-5 questionnaire [27], were excluded.



The study was conducted in respect of the ethical standards of the Declaration of Helsinki (2000). The study was approved by the Institutional Ethics Committee of the University Campus Bio-Medico (protocol no. 0207655).



Statistical Analysis


Continuous data were described as mean ± standard deviation (SD) with minimum and maximum values. Categorical data were described as absolute number and percentages. T-tests or ANOVA tests were adopted to assess statistically significant differences among continuous data. A Fisher exact test was performed to assess the differences among the categorical data. Moreover, linear regression analyses and generalized linear models were adopted to assess statistically significant associations between the antidiabetic treatment and IIEF-5 values. All data were adjusted for putative confounders investigated among all the features listed in the previous paragraph. p-values < 0.05 defined statistically significant differences. The software SPSS (IBM, Armonk, NY, USA) was used for the statistics. The investigator of the statistical analysis did not know the treatment regimen the patients took. We specified this data in the manuscript.





3. Results


A total of 167 patients DM or pre-DM were evaluated. Of them, four patients referred to no sexual intercourse in the past six months, thus, the final sample size was 163. No other patients refused to take part of the study. The main characteristics of these patients are summarized in Table 1. Overall, the mean age was 62.8 ± 9.3 years (range 20–75), and 90.8% of the patients were affected by DM (N = 148/163) and 9.2% by preDM (N = 15/163). The mean BMI was 28.4 ± 4.6 kg/m2 (range 18.4–45.9). A rate of 87.7% (143/163) of the patients referred to ED. The mean of the IIEF-5 score was 14.4 ± 6.2 (range 4–25). A total of 21 (12.9%) patients were solely on a diet, 51 (31.3%) were treated solely with metformin, and 4 (2.5%) were instead treated with SU. Considering new antihyperglycemic drugs, 19 (11.7%) patients were treated with DPP4i, 20 (12.3%) with GLP-1a, and 25 (15.3%) with SGLT-2. Lastly, 23 (14.1%) patients were treated with insulin; of them, 8 patients also received metformin plus SGLT-2 or DPP4i. No differences were observed in the prevalence of patients on a diet regimen among patients treated with antihyperglycemic drugs (40/51, 78.4%, 14/19, 73.7%, 16/25, 64.0%, 13/20, 65.0%, 16/23, 69.6%, and 4/4, 100%, for metformin, DPP4i, SGLT-2, GLP-1a, insulin, and SU, respectively (p = N.S.)).



When clustering the patients according to the antidiabetic treatment, all the parameters analyzed were compared through a t-test or Fisher exact test for continuous and categorical data, respectively (Table 1). The only significant differences reported were a higher prevalence of preDM in the diet group, compared to the total group, plus a shorter DM history together with lower HbA1c mean values in the diet group and a longer DM history together with higher HbA1c mean values in the insulin group, both compared to the total group (p < 0.05) (Table 1).



Among all patient features investigated (age, BMI, both considering BMI mean values and BMI categories, family history of DM, duration of DM, cigarette smoking, physical activity, cardiovascular comorbidities, dyslipidemia, testosterone levels, HbA1c, triglycerides, HDL, and LDL) for their association with the IIEF-5 score, only age (Linear regression analysis: constant = 21.1, 95%CI from 15.01 to 27.11, B = −0.1, 95%CI from −0.195 to −0.005, p = 0.04; generalized linear model: partial eta-squared = 0.026 [i.e., small association], p = 0.04) and the duration of DM among the diabetic patients (linear regression analysis: constant = 16.27, 95%CI from 14.73 to 17.80, B = −0.13, 95%CI from −0.242 to −0.018, p = 0.02; generalized linear model: partial eta-squared = 0.035 [i.e., small association], p = 0.02) showed a significant trend. Specifically, older patients and patients affected by diabetes for longer periods showed a progressively lower IIEF-5 score, as pictured in Figure 1A,B.



Across all treatment groups, the only significant difference in IIEF-5 score was a higher mean value in patients using GLP-1a compared to patients on insulin treatment (16.7 ± 4.7 vs. 12.9 ± 6.2; p = 0.02). This association was adjusted for age and duration of DM and confirmed a partial eta squared 0.16 (i.e., large association) with a p = 0.01 (Figure 2). Table 2 also reports the linear regression analysis. Furthermore, clustering the subgroup according to the IIEF-5 categories (no ED, mild ED, mild to moderate ED, moderate ED, and severe ED), a significant difference was observed in the prevalence of mild ED, which resulted as lower in the insulin group compared to GLP-1 (2/23, 8.7% vs. 8/20, 40.0% vs. p = 0.03) (Table 1). Interestingly, none of the patients treated with GLP-1 showed severe ED.



To rule out possible interferences related to the association of insulin with multiple drugs, a sub-analysis was performed: there were no significant differences between patients taking only insulin and patients treated with insulin plus metformin and DPP4i/SGLT2i (12.3 ± 6.0 vs. 14.1 ± 5.8; p = 0.5).



All other treatments resulted in comparable values (14.9 ± 6.2, 14.8 ± 9.2, 15.3 ± 5.4, and 13.6 ± 6.8 for metformin, SU, DPP4i, and SGLT2i treatment, respectively) (Figure 2).



Finally, the mean ± SD of the duration treatment for each group resulted comparable among all categories, except for metformin, which resulted in more time (4.5 ± 3.7 years) compared to GLP-1 (2.8 ± 2.5 years) and SGLT-2 (2.1 ± 1.4 years) (p = 0.001) (Table 1).




4. Discussion


Sexual dysfunctions are well recognized as complications of DM, more in males [1,2,4,5,6,7] than in females [28,29]. In this study, we evaluated a total of 163 patients with DM or preDM. Interestingly, the prevalence of ED in our population was 88.0%. This data was partially in agreement with previous data [2,30,31]. Specifically, Fedele et al. found a prevalence of ED in Type 1 DM (T1DM) of 26% and in Type 2 DM (T2DM) of 37% [30], while Kouidrat et al. described in a recent meta-analysis a prevalence of ED of 37.5% and 66.3% in subjects with T1DM and T2DM, respectively [31]. Anyways, our findings could be partially explained by the fact that in our population the average BMI is indicative of marked overweight, which is itself a risk factor for ED [32,33], and the prevalence of CV comorbidities was higher than 90%. In this regard, current evidence shows that central obesity is particularly associated with arteriogenic ED [33]. Furthermore, endothelial dysfunction is a common link between ED and hypertension (de Oliveira 2021), and the ED severity in DM patients seems to be related to age and hypertension [34].



Among all parameters analyzed for their association with the IIEF-5 score (age, BMI, family history of DM, duration of DM, cigarette smoking, physical activity, comorbidities, dyslipidemia, testosterone levels, HbA1c, triglycerides, HDL, and LDL), the results of the present study highlighted that older patients and patients affected by DM for longer periods showed a progressively lower IIEF-5 score. Specifically, for each increase of one year of age, there is a decrease of 0.1 in the IIEF-5 total score. It is well known that age is an important risk factor for sexual dysfunction, mainly ED, and the prevalence increases with age, ranging from 1%–10% in subjects with less than 40 years to 50%–100% in subjects older than 70 years [1,35].



Considering the antidiabetic treatment in patients using GLP-1a, the IIEF-5 score showed better results than all other treatments but achieved a significant difference only in comparison to insulin. This association was confirmed after adjusting for age and duration of DM. Interestingly, none of the patients treated with GLP-1 showed severe ED, and the prevalence of mild ED was significantly higher in the GLP-1 group compared to the insulin group. Animal studies highlighted that GLP-1Ra could improve EF in diabetic rats, by a protective role on corpus cavernosum endothelial cells [17,36]. With regard to studies on humans, Giagulli et al. performed a retrospective observational study on 43 patients with obesity, hypogonadism, and DM, who referred to a new onset of ED. All subjects received testosterone undecanoate i.m. 1000 mg every 12 weeks and metformin (2–3 g/day) for 12 months. In patients with HbA1c > 7.5%, Liraglutide 1.2 µg/day was added for an additional 12 months. All patients underwent an IIEF-15 questionnaire at baseline, after 12 months, and after 24 months. The authors found a significant improvement in the IIEF-5 score compared to the group receiving only testosterone and metformin [16]. Similarly, Bajaj et al. studied the EF in DM patients treated with Dulaglutide, assessed by the IIEF-15 questionnaire at baseline, after 2 years, after 5 years, and at the study end, by randomization. The authors found that Dulaglutide improved EF in a subgroup of patients with DM and cardiovascular disease [37]. The effect of insulin on sexual function that emerged from this study is difficult to compare to previous studies, which are mainly based on the comparison between types of administration (multi drug injection—MDI—vs. continuous subcutaneous insulin infusion—CSII) [38,39] and not between insulin and any other treatment.



The diet followed by the patients was almost on the basis of the Mediterranean diet, when followed. As known, the Mediterranean diet may be associated with an improvement of EF [14,21,40]. The role of diet, when associated with antidiabetic drugs, allows to explain the favorable trend, though not significant, on the IIEF-5 score, compared to other groups.



Limits and Future Perspective


The main limitation of this study is the small number of patients treated with some class of antihyperglycemic drugs (11.7–15.3%), albeit far beyond the percentage in using the new categories reported by an Italian report on subjects with diabetes (2–6%) [41]. In particular, the new antihyperglycemic drugs (mainly SGLT-2 and GLP-1) were introduced more recently than the others, so this also explains the shorter duration of treatment that we found. This limitation led to speculation about the effects of these drugs on EF and the generalizability of our findings. Anyways, the strength of this study is represented by the fact that these data could highlight a gap of knowledge to be filled, to support a “tailor-made” therapy for subjects with DM and preDM. Of note, these data are not applicable to patients not affected by DM.



Further randomized, double-blinded, and longitudinal studies could better clarify all these aspects.





5. Conclusions


This prospective observational study increases the attention and focus on the effect of antihyperglycemic drugs and diet on EF, in subjects with diabetes or pre DM, above all regarding the role of new classes (DPP4i, GLP1a, SGLT2i), showing that there was a higher prevalence of preDM in the diet group compared to the total group, a shorter DM history together with lower HbA1c mean values in the diet group, and a longer DM history together with higher HbA1c mean values in the insulin group, both compared to the total group. Furthermore, about the IIEF-5 score, there was a significant higher mean value in patients using GLP-1a compared to patients on insulin treatment.







Author Contributions


Conceptualization, G.D. and, R.M.; methodology, G.D., R.M., A.M.D.T. and D.C.; formal analysis, G.D., R.M. and D.C.; investigation, G.D., A.M.D.T. and C.D.R.; writing—original draft preparation, G.D. and R.M.; writing—review and editing, G.D., R.M., R.I.C. and N.N.; supervision, Y.M.K., A.F. and N.N. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Institutional Ethics Committee of the University Campus Bio-Medico (protocol no. 0207655).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Data are available after specific request to the authors.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Lewis, R.W.; Fugl-Meyer, K.S.; Corona, G.; Hayes, R.D.; Laumann, E.O.; Moreira, E.D.; Rellini, A.H.; Segraves, T. Definitions/Epidemiology/Risk Factors for Sexual Dysfunction. J. Sex. Med. 2010, 7, 1598–1607. [Google Scholar] [CrossRef] [PubMed]

	



Corona, G.; Giorda, C.B.; Cucinotta, D.; Guida, P.; Nada, E.; Aglialoro, A.; Albanese, V.; Albano, S.; Antonangelo, C.; Baccetti, F.; et al. Sexual Dysfunction at the Onset of Type 2 Diabetes: The Interplay of Depression, Hormonal and Cardiovascular Factors. J. Sex. Med. 2014, 11, 2065–2073. [Google Scholar] [CrossRef] [PubMed]

	



Isidori, A.M.; Giammusso, B.; Corona, G.; Verze, P.; Albanesi, L.; Antomarchi, F.; Arcaniolo, D.; Balercia, G.; Barbonetti, A.; Barletta, D.; et al. Diagnostic and Therapeutic Workup of Erectile Dysfunction: Results from a Delphi Consensus of Andrology Experts. Sex. Med. 2019, 7, 292–302. [Google Scholar] [CrossRef] [PubMed]

	



Faulkner, L.D.; Dowling, A.R.; Stuart, R.C.; Nillni, E.A.; Hill, J.W. Reduced Melanocortin Production Causes Sexual Dysfunction in Male Mice with POMC Neuronal Insulin and Leptin Insensitivity. Endocrinology 2015, 156, 1372–1385. [Google Scholar] [CrossRef] [PubMed]

	



Moon, K.H.; Park, S.Y.; Kim, Y.W. Obesity and Erectile Dysfunction: From Bench to Clinical Implication. World J. Men’s Health 2019, 37, 138–147. [Google Scholar] [CrossRef]

	



Trussell, J.C.; Legro, R.S. Erectile Dysfunction: Does Insulin Resistance Play a Part? Fertil. Steril. 2007, 88, 771–778. [Google Scholar] [CrossRef]

	



Defeudis, G.; Mazzilli, R.; Tenuta, M.; Rossini, G.; Zamponi, V.; Olana, S.; Faggiano, A.; Pozzilli, P.; Isidori, A.M.; Gianfrilli, D. Erectile Dysfunction and Diabetes: A Melting Pot of Circumstances and Treatments. Diabetes Metab. Res. Rev. 2022, 38, e3494. [Google Scholar] [CrossRef]

	



Chester, B.; Babu, J.R.; Greene, M.W.; Geetha, T. The Effects of Popular Diets on Type 2 Diabetes Management. Diabetes Metab. Res. Rev. 2019, 35, e3188. [Google Scholar] [CrossRef]

	



Maurizi, A.R.; Menduni, M.; Del Toro, R.; Kyanvash, S.; Maggi, D.; Guglielmi, C.; Pantano, A.L.; Defeudis, G.; Fioriti, E.; Manfrini, S.; et al. A Pilot Study of D-Chiro-Inositol plus Folic Acid in Overweight Patients with Type 1 Diabetes. Acta Diabetol. 2017, 54, 361–365. [Google Scholar] [CrossRef]

	



Defeudis, G.; Khazrai, Y.M.; Di Rosa, C.; Secchi, C.; Montedoro, A.; Maurizi, A.R.; Palermo, A.; Pozzilli, P.; Manfrini, S. Conversation Maps™, an Effective Tool for the Management of Males and Females with Type 2 Diabetes and Mildly Impaired Glycemic Control. Hormones 2018, 17, 113–117. [Google Scholar] [CrossRef]

	



American Diabetes Association. Addendum. 9. Pharmacologic Approaches to Glycemic Treatment: Standards of Medical Care in Diabetes—2020. Diabetes Care 2020;43(Suppl. 1):S98–S110. Diabetes Care 2020, 43, 1979. [Google Scholar] [CrossRef] [PubMed]

	



Corona, G.; Isidori, A.M.; Aversa, A.; Bonomi, M.; Ferlin, A.; Foresta, C.; La Vignera, S.; Maggi, M.; Pivonello, R.; Vignozzi, L.; et al. Male and Female Sexual Dysfunction in Diabetic Subjects: Focus on New Antihyperglycemic Drugs. Rev. Endocr. Metab. Disord. 2020, 21, 57–65. [Google Scholar] [CrossRef] [PubMed]

	



Cignarelli, A.; Genchi, V.A.; D’oria, R.; Giordano, F.; Caruso, I.; Perrini, S.; Natalicchio, A.; Laviola, L.; Giorgino, F. Role of Glucose-Lowering Medications in Erectile Dysfunction. J. Clin. Med. 2021, 10, 2501. [Google Scholar] [CrossRef]

	



Defeudis, G.; Mazzilli, R.; Di Tommaso, A.M.; Zamponi, V.; Carlomagno, F.; Tuccinardi, D.; Watanabe, M.; Faggiano, A.; Gianfrilli, D. Effects of Diet and Antihyperglycemic Drugs on Erectile Dysfunction: A Systematic Review. Andrology 2022. [Google Scholar] [CrossRef] [PubMed]

	



Rey-Valzacchi, G.N.J.; Costanzo, P.R.; Finger, L.A.; Layus, A.O.; Gueglio, G.M.; Litwak, L.N.E.; Knoblovits, P. Addition of Metformin to Sildenafil Treatment for Erectile Dysfunction in Eugonadal Nondiabetic Men with Insulin Resistance. A Prospective, Randomized, Double-Blind Pilot Study. J. Androl. 2012, 33, 608–614. [Google Scholar] [CrossRef]

	



Giagulli, V.A.; Carbone, M.D.; Ramunni, M.I.; Licchelli, B.; De Pergola, G.; Sabbà, C.; Guastamacchia, E.; Triggiani, V. Adding Liraglutide to Lifestyle Changes, Metformin and Testosterone Therapy Boosts Erectile Function in Diabetic Obese Men with Overt Hypogonadism. Andrology 2015, 3, 1094–1103. [Google Scholar] [CrossRef]

	



Yue, L.; Xu, J.L.; Dong, J.; da Xjang, G.; Xiang, L.; Zhao, L.S.; Zhang, J.X.; Zhai, Z.Y.; Zhu, G.P.; Liu, M.; et al. Regulatory Effect of Liraglutide on the Expression of ENOS in the Corpus Cavernosum of Diabetic Rats. Zhonghua Nan Ke Xue 2016, 22, 212–218. [Google Scholar]

	



Ilias, I. Re: DPP-4 Inhibition Improves a Sexual Condition? Med. Hypotheses 2016, 89, 96. [Google Scholar] [CrossRef]

	



Assaly, R.; Gorny, D.; Compagnie, S.; Mayoux, E.; Bernabe, J.; Alexandre, L.; Giuliano, F.; Behr-Roussel, D. The Favorable Effect of Empagliflozin on Erectile Function in an Experimental Model of Type 2 Diabetes. J. Sex. Med. 2018, 15, 1224–1234. [Google Scholar] [CrossRef]

	



Wang, F.; Dai, S.; Wang, M.; Morrison, H. Erectile Dysfunction and Fruit/Vegetable Consumption among Diabetic Canadian Men. Urology 2013, 82, 1330–1335. [Google Scholar] [CrossRef]

	



Maiorino, M.I.; Bellastella, G.; Caputo, M.; Castaldo, F.; Improta, M.R.; Giugliano, D.; Esposito, K. Effects of Mediterranean Diet on Sexual Function in People with Newly Diagnosed Type 2 Diabetes: The MÈDITA Trial. J. Diabetes Complicat. 2016, 30, 1519–1524. [Google Scholar] [CrossRef] [PubMed]

	



Esposito, K.; Giugliano, F.; Di Palo, C.; Giugliano, G.; Marfella, R.; D’Andrea, F.; D’Armiento, M.; Giugliano, D. Effect of Lifestyle Changes on Erectile Dysfunction in Obese Men: A Randomized Controlled Trial. J. Am. Med. Assoc. 2004, 291, 2978–2984. [Google Scholar] [CrossRef]

	



Collins, C.E.; Jensen, M.E.; Young, M.D.; Callister, R.; Plotnikoff, R.C.; Morgan, P.J. Improvement in Erectile Function Following Weight Loss in Obese Men: The SHED-IT Randomized Controlled Trial. Obes. Res. Clin. Pract. 2013, 7, e450–e454. [Google Scholar] [CrossRef] [PubMed]

	



Adams, S.W.; Emerson, S.G. Gene Therapy for Leukemia and Lymphoma. Hematol. Oncol. Clin. North Am. 1998, 12, 631–648. [Google Scholar] [CrossRef]

	



Società Italiana di Diabetologia (SID); Associazione dei Medici Diabetologi (AMD). Linea Guida Della Società Italiana Di Diabetologia (SID) e Dell’Associazione Dei Medici Diabetologi (AMD)–La Terapia Del Diabete Mellito Di Tipo; Istituto Superiore Di Sanità: Rome, Italy, 2021. [Google Scholar]

	



Lifestyle Management: Standards of Medical Care in Diabetesd 2018. Diabetes Care 2018, 41, S38–S50. [CrossRef]

	



Rosen, R.C.; Cappelleri, J.C.; Smith, M.D.; Lipsky, J.; Peñ, B.M. Development and Evaluation of an Abridged, 5-Item Version of the International Index of Erectile Function (IIEF-5) as a Diagnostic Tool for Erectile Dysfunction. Int. J. Impot. Res. 1999, 11, 319–326. [Google Scholar] [CrossRef]

	



Pontiroli, A.E.; Cortelazzi, D.; Morabito, A. Female Sexual Dysfunction and Diabetes: A Systematic Review and Meta-Analysis. J. Sex. Med. 2013, 10, 1044–1051. [Google Scholar] [CrossRef]

	



Zamponi, V.; Mazzilli, R.; Bitterman, O.; Olana, S.; Iorio, C.; Festa, C.; Giuliani, C.; Mazzilli, F.; Napoli, A. Association between Type 1 Diabetes and Female Sexual Dysfunction. BMC Women’s Health 2020, 20. [Google Scholar] [CrossRef]

	



Fedele, D.; Coscelli, C.; Santeusanio, F.; Bortolotti, A.; Chatenoud, L.; Colli, E.; Landoni, M.; Parazzini, F. Erectile Dysfunction in Diabetic Subjects in Italy. Diabetes Care 1998, 21, 1973–1977. [Google Scholar] [CrossRef]

	



Kouidrat, Y.; Pizzol, D.; Cosco, T.; Thompson, T.; Carnaghi, M.; Bertoldo, A.; Solmi, M.; Stubbs, B.; Veronese, N. High Prevalence of Erectile Dysfunction in Diabetes: A Systematic Review and Meta-Analysis of 145 Studies. Diabet. Med. 2017, 34, 1185–1192. [Google Scholar] [CrossRef]

	



Corona, G.; de Vita, G.; Sforza, A.; Maggi, M. Obesity and Erectile Dysfunction. Eur. Urol. Rev. 2009, 4, 73–77. [Google Scholar] [CrossRef]

	



Corona, G.; Rastrelli, G.; Filippi, S.; Vignozzi, L.; Mannucci, E.; Maggi, M. Erectile Dysfunction and Central Obesity: An Italian Perspective. Asian J. Androl. 2014, 16, 581–591. [Google Scholar] [CrossRef] [PubMed]

	



Mazzilli, R.; Zamponi, V.; Olana, S.; Mikovic, N.; Cimadomo, D.; Defeudis, G.; Faggiano, A. Erectile Dysfunction as a Marker of Endocrine and Glycemic Disorders. J. Endocrinol. Invest. 2022. [Google Scholar] [CrossRef] [PubMed]

	



Nicolosi, A.; Moreira, E.D.; Shirai, M.; Bin Mohd Tambi, M.I.; Glasser, D.B. Epidemiology of Erectile Dysfunction in Four Countries: Cross-National Study of the Prevalence and Correlates of Erectile Dysfunction. Urology 2003, 61, 201–206. [Google Scholar] [CrossRef]

	



Dalaklioglu, S.; Tasatargil, A.; Kuscu, N.; Celik, S.; Celik-Ozenci, C.; Ozdem, S.; Barutcigil, A.; Kucukcetin, I. Protective Effect of Exendin-4 Treatment on Erectile Dysfunction Induced by Chronic Methylglyoxal Administration in Rats. Peptides 2018, 106, 1–8. [Google Scholar] [CrossRef]

	



Bajaj, H.S.; Gerstein, H.C.; Rao-Melacini, P.; Basile, J.; Colhoun, H.; Conget, I.; Cushman, W.C.; Dagenais, G.R.; Franek, E.; Hanefeld, M.; et al. Erectile Function in Men with Type 2 Diabetes Treated with Dulaglutide: An Exploratory Analysis of the REWIND Placebo-Controlled Randomised Trial. Lancet Diabetes Endocrinol. 2021, 9, 484–490. [Google Scholar] [CrossRef]

	



Maiorino, M.I.; Bellastella, G.; Della Volpe, E.; Casciano, O.; Scappaticcio, L.; Cirillo, P.; Giugliano, D.; Esposito, K. Erectile Dysfunction in Young Men with Type 1 Diabetes. Int. J. Impot. Res. 2017, 29, 17–22. [Google Scholar] [CrossRef]

	



Wessells, H.; Penson, D.F.; Cleary, P.; Rutledge, B.N.; Lachin, J.M.; McVary, K.T.; Schade, D.S.; Sarma, A.V. Effect of Intensive Glycemic Therapy on Erectile Function in Men with Type 1 Diabetes. J. Urol. 2011, 185, 1828–1834. [Google Scholar] [CrossRef]

	



Esposito, K.; Giugliano, F.; Maiorino, M.I.; Giugliano, D. Dietary Factors, Mediterranean Diet and Erectile Dysfunction. J. Sex. Med. 2010, 7, 2338–2345. [Google Scholar] [CrossRef]

	



Osservatorio ARNO Diabete. Available online: https://www.siditalia.it/clinica/linee-guida-societari/send/80-linee-guida-documenti-societari/5025-rapporto-arno-diabete-2019 (accessed on 31 May 2022).








[image: Jcm 11 03382 g001a 550][image: Jcm 11 03382 g001b 550] 





Figure 1. IIEF-5 score according to age (A) and duration of DM (B). Each dot in the dispersion plot in (A) identifies the International Index of Erectile Function (IIEF)-5 in each patient according to his age. The same outcome is reported according to the duration of diabetes in (B). The red lines represent the locally estimated scatterplot smoothing (LOESS) regression curve, with a fit to 50% of the points and an Epanechnikov weight function. 
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Figure 2. IIEF-5 score according to antidiabetic treatment group. DPP4i = dipeptidyl-peptidase-4 inhibitors; GLP-1a = glucagon-like peptide-1receptor agonists; SGLT2i = sodium-glucose cotransporter-2; SU = sulfonylureas; IIEF = International Index of Erectile Function. 
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Table 1. Basal characteristics of patients, in the total group and in subgroup according to antidiabetic treatment. DPP4i = dipeptidyl-peptidase-4 inhibitors; GLP-1 = glucagon-like peptide-1receptor agonists; SGLT2i= sodium-glucose cotransporter-2 inhibitors; SU = sulfonylureas; IIEF = International Index of Erectile Function; DM = diabetes mellitus; BMI = body mass index; CV = cardiovascular. a p < 0.05 vs. total group. b p < 0.05 vs. insulin. c p < 0.05 vs. total group. d p < 0.05 vs. SGLT2i and GLP-1.
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	Total Group

No. 163
	Diet

No. 21
	Metformin

No. 51
	DPP4i

No. 19
	SGLT2i

No. 25
	GLP1a

No. 20
	Insulin

No. 23
	SU

No. 4





	Age

(years; mean ± SD, range)
	62.9 ± 9.3

20–75
	62.1 ± 11.3

33–75
	64.1 ± 9.9

20–75
	64.4 ± 8.3

48–75
	61.9 ± 9.4

41–74
	62.3 ± 7.6

48–72
	60.7 ± 9.4

39–75
	66.0 ± 4.9

59–70



	preDM

(yes; no., %)
	15/163

9.2%
	15/21

71.4% a
	0/51

0%
	0/19

0%
	0/25

0%
	0/20

0%
	0/23

0%
	0/4

0%



	IIEF-5 (mean ± SD)
	14. ± 5.8
	14.9 ± 6.1
	15.5 ± 5.7
	15.5 ± 4.5
	13.2 ± 5.9
	16.7 ± 4.7 b
	12.6 ± 6.4
	14.8 ± 9.3



	IIEF-5 groups
	
	
	
	
	
	
	
	



	No ED (> 21)
	21 (12.8%)
	2 (9.5%)
	8 (15.7%)
	2 (10.5%)
	2 (8.0%)
	4 (20.0%)
	3 (13.0%)
	0 (0%)



	ED (5–21)
	142(87.2%)
	19 (90.5%)
	43 (84.3%)
	17 (89.5%)
	23 (92.0%)
	16 (80.0%)
	20 (87.0%)
	4 (100%)



	Mild ED (17–21)
	48 (29.4%)
	8 (38.1%)
	16 (31.4%)
	7 (36.8%)
	4 (16.0%)
	8 (40.0%) b
	2 (8.7%)
	3 (75.0%)



	Mild/Moderate (12–16)
	44 (27.0%)
	6 (28.6%)
	13 (25.5%)
	6 (31.6%)
	8 (32.0%)
	4 (20.0%)
	7 (30.4%)
	0 (0%)



	Moderate ED (8–11)
	30 (18.4%)
	2 (9.5%)
	8 (15.7%)
	3 (15.8%)
	7 (28.0%)
	4 (20.0%)
	6 (26.1%)
	0 (0%)



	Severe ED (5–7)
	20 (12.3%)
	3 (14.3%
	6 (11.8%)
	1 (5.3%)
	4 (16.0%)
	0 (0%)
	5 (21.3%)
	1 (25.0%)



	BMI
	28.4 ± 4.6
	28.1 ± 3.5
	28.1 ± 3.6
	26.4 ± 3.1
	29.8 ± 5.9
	29.3 ± 5.6
	28.1 ± 5.0
	30.4 ± 2.1



	(Kg/m2; mean ± SD, range)
	18.4–45.9
	19.6–36.7
	19.6–36.7
	18.4–32.7
	21.1–44.3
	22.5–45.9
	19–38.6
	28.1–33.0



	BMI groups (n,%)
	
	
	
	
	
	
	
	



	Normal weight
	36 (22.1%)
	6 (28.6%)
	8 (15.7%)
	6 (31.6%)
	5 (20.0%)
	5 (25.0%)
	6 (26.1%)
	0 (0%)



	Overweight
	72 (44.2%)
	9 (42.8%)
	27 (52.9%)
	10 (52.6)
	10 (40.0%)
	7 (35.0%)
	7 (30.4%)
	2 (50.0%)



	Obese
	55 (33.7%)
	6 (28.6%)
	16 (31.4%)
	3 (15.8%)
	10 (40.0%)
	8 (40.0%)
	10 (43.5%)
	2 (50.0%)



	Physical activity
	64/163
	8/21
	22/51
	7/19
	8/25
	2/20
	14/23
	3/4



	(yes, no., %)
	39.4%
	38.1%
	43.1%
	36.8%
	32.0%
	10.0%
	60.9% b
	60.9%



	Smoking habits
	
	
	
	
	
	
	
	



	No (no., %)
	53 (32.5%)
	9 (42.9%)
	23 (45.1%)
	1 (5.3%)
	6 (24.0%)
	9 (45.0%)
	3 (13.0%)
	2 (50.0%)



	Yes (no., %)
	34 (20.9%)
	4 (19.0%)
	5 (9.8%)
	7 (36.8%)
	6 (24.0%)
	2 (10.0%)
	10 (43.5%) c
	0 (0%)



	In the past (no., %)
	76 (46.6%)
	8 (38.1%)
	23 (45.1%)
	11 (57.9%)
	13 (52.0%)
	9 (45.0%)
	10 (43.5%)
	2 (50.0%)



	Family history of DM (no., %)
	54/163

74.2%
	11/21

52.4%
	38/51

74.5%
	13/19

68.4%
	19/25

76.0%
	17/20

85.0%
	20/23

87.0%
	4/4

100%



	DM duration

(years; no., %)
	10.9 ± 8.3

0–40
	5.7 ± 5.1

0–15 c
	7.2 ± 6.6

0–30
	13.2 ± 9.2

1–34
	9.6 ± 6.6

0–25
	12.9 ± 6.9

4–30
	17.7 ± 8.9

2–40 c
	12.5 ± 11.9

4–30



	Treatment duration

(mean ± SD)
	3.7 ± 3.1
	2.0 ± 1.3
	4.5 ± 3.7 d
	4.5 ± 2.9
	2.1 ± 1.4
	2.9 ± 2.4
	5.1 ± 3.8
	4.5 ± 2.9



	CV comorbidities

(no., %)
	152

93.3%
	19

90.5%
	49

96.1%
	17

89.5%
	25

100%
	19

95.0%
	19

82.6%
	4

100%



	Dyslipidemia

(no., %)
	121

74.2%
	14

66.7%
	39

76.5%
	16

84.2%
	18

75.0%
	14

70.0%
	16

69.6%
	4

100%



	HbA1c (%; mean ± SD, range)
	7.1 ± 1.3

5–16
	6.0 ± 0.6

5.0–6.8 c
	6.5 ± 0.8

5.5–9.4
	7.2 ± 0.8

6.0–9.0
	7.3 ± 0.9

5.5–9.6
	7.4 ± 0.8

5.8–8.3
	8.2 ± 2.3

5.2–16.0 c
	6.4 ± 0.8

5.6–7.2



	Total Cholesterol

(mg/dL; mean ± SD, range)
	160.2 ± 37.5

73–338
	181.3 ± 47.0

140–338
	157.2 ± 33.9

97–226
	153.1 ± 42.4

73–242
	165.4 ± 36.2

94–226
	147.8 ± 31.1

89–214
	166.3 ± 34.9

117–237
	124.0 ± 36.8

98–150



	Triglycerides

(mg/dL; mean ± SD, range)
	135.8 ± 69.1

23–388
	124.3 ± 47.7

37–223
	128.6 ± 61.3

50–353
	136.2 ± 79.5

60–388
	164.2 ± 86.9

52–379
	139 ± 65.5

51–259
	127.0 ± 74.2

23–283
	121.0 ± 36.8

98–150



	HDL Cholesterol

(mg/dL; mean ± SD, range)
	47.6 ± 12.4

23–105
	51.5 ± 9.3

33–65
	48.7 ± 12.0

26–80
	47.8 ± 19.1

24–105
	44.8 ± 8.4

31–65
	45.3 ± 7.5

32–61
	49.0 ± 14.8

27–81
	38.5 ± 21.9

23–54



	LDL Cholesterol

(mg/dL; mean ± SD, range)
	85.5 ± 36.1

14–238
	114.9 ± 43.2

62.3–238.8
	87.4 ± 32.9

14.8–157
	81.3 ± 35.8

18.4–174
	88.9 ± 39.6

37.8–145.6
	77.1 ± 28.9

17.4–125
	97.3 ± 38.3

38.0–178.2
	61.3 ± 17.4

49–73.6



	Total Testosterone (ng/mL; mean ± SD, range)
	4.0 ± 1.8

0.3–11.5
	4.0 ± 1.6

1.0–7.9
	4.2 ± 1.7

1.7–8.8
	4.6 ± 2.8

1.9–11.5
	3.7 ± 1.7

1.5–7.1
	3.3 ± 2.1

0.3–5.9
	3.9 ± 1.5

0.9–5.6
	2.6 ± 0.2

2.5–2.8 c
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Table 2. Linear regression analysis outlining the increase in IIEF-5 score among patients treated with GLP-1 vs. patients treated with insulin, adjusted for age and duration of diabetes mellitus (DM).
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	B, 95%CI, p-Value





	Constant IIEF-5
	24.224, 95%CI from 11.665 to 36.783



	Age
	−0.218, 95%CI from −0.435 to −0.002, p = 0.048



	Duration of DM
	+0.091, 95%CI from -0.141 to +0.323, p = 0.413



	GLP-1 vs. Insulin
	+4.900, 95%CI from +1.256 to +8.544, p = 0.01
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