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Abstract

:

Background and aim: Irritable bowel syndrome (IBS), eating disorders (ED) and endometriosis share common pathophysiological mechanisms, involving alterations of the gut–brain axis. The aim of the ENDONUT pilot study was to investigate an association between these three diseases by screening for IBS and ED in patients with endometriosis. Method: We included patients from the CIRENDO cohort (Inter-Regional North-West Cohort of women with ENDOmetriosis) with a recent documented diagnosis of endometriosis of less than 4 years, regardless of age, date of onset of symptoms, type of endometriosis (digestive or not), with or without endometriosis-related digestive surgery. Validated questionnaires were used to screen for IBS (Rome IV, Francis score), ED (SCOFF-F, EAT-26), and anxiety/depression (HAD). Anthropometric data and lifestyle habits were also collected. The primary composite endpoint was SCOFF-F and ROME-IV scores. Results: Among 100 patients meeting inclusion criteria, 54 patients completed all the questionnaires. Of these, 19 had a positive SCOFF-F score (35.2%), 26 had a positive ROME-IV score (48.1%), and 14 patients (25.9%) had both a positive SCOFF-F score and a positive ROME-IV score (p = 0.006). Patients with positive SCOFF-F and ROME-IV scores had significantly higher HAD-anxiety and depression scores (p < 0.05). Conclusion: These results suggest a significant association between IBS, ED and endometriosis. The prevalence of IBS and ED in our population is higher than in the general population. Larger studies are needed to confirm these results, to better understand this triad, and to improve the diagnostic and multidisciplinary therapeutic management of these patients.
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1. Introduction


Endometriosis affects 2.5 million women in France and 10% of all reproductive-aged women [1,2,3]. Endometriosis is characterized by the presence of endometrial tissue outside the uterine cavity. Different forms have been described: superficial or peritoneal, deep or sub-peritoneal, and ovarian endometrioma [1]. Deep endometriosis accounts for 6 to 10% of patients and 6 to 30% of these have digestive endometriosis. Endometriosis represents a real public health issue regarding infertility in 40% of women affected, negative impact on quality of life and psychological consequences (anxiety and depression) [1,2,3]. Two recent studies have shown a tight link between endometriosis and alteration of quality of life, anxiety and depressive disorders or stress [4,5]. In addition to gynecological symptoms (dysmenorrhea, dyspareunia), digestive disorders such as chronic abdominal pain and transit disorders are frequently reported in endometriosis [1,2,6,7,8,9]. This digestive symptomatology is also observed in patients with irritable bowel syndrome (IBS). IBS is a common functional bowel disorder that affects 15% of the western population, mainly women (70% are women), often diagnosed before the age of 50 [10,11]. Rome IV clinical criteria define IBS as the association of chronic abdominal pain and transit disorders [12,13]. A common symptomatology between IBS and endometriosis, often leads to misdiagnosis or delay in diagnosis of these two diseases, on average 6 to 7 years for endometriosis [2,3,6,7,8,9]. This delay is also related to the lack of awareness, and the absence of specific diagnostic tests either for IBS or endometriosis. In addition, chronic digestive disorders influence patients’ eating behavior, in an attempt to reduce these symptoms, often leading to food restriction [8,14,15,16]. Food restriction may lead to undernutrition that exacerbates digestive disorders, and also to eating disorders (ED) [14,15,16,17,18,19,20,21]. ED, including anorexia nervosa, bulimia, binge eating disorder, affect nearly 10% of the general population in France [22,23,24]. Moreover, both endometriosis, IBS and ED are often associated with anxiety and depression [10,13,15,21,25,26], because of chronic abdominal pain, digestive disorders, poor quality of life, and infertility in patients with endometriosis. Furthermore, several studies have identified common pathophysiological mechanisms between IBS and endometriosis [6,7,8,9], and also between IBS and ED [14,15,18,27], such as chronic low-grade inflammation, alterations of intestinal permeability, and gut microbiota dysbiosis [6,7,9,13,25,26,28,29,30,31,32,33,34,35,36,37,38]. However, to date, no study has assessed direct links between ED and endometriosis.



The aim of the ENDONUT pilot study was to assess associations between these three diseases by screening for IBS and ED in women with endometriosis.




2. Method


2.1. Population


Patients were recruited from the CIRENDO database (NCT02294825), the French North-West Inter-Regional Cohort of women with ENDOmetriosis approved in 2009 by the French authority CCTIRS (Advisory Committee on information processing in healthcare research, No 09.445). This prospective cohort has been registering women from 18 to 50 years with histologically documented endometriosis since June 2009 in 15 French centers (University Hospitals, public hospitals and private clinics).



Inclusion criteria were patients from the CIRENDO database with a recent documented diagnosis of endometriosis of less than 4 years (between 28 November 2018 and 24 June 2020, regardless of age, date of onset of symptoms, type of endometriosis (digestive or not), and with or without a digestive surgical procedure related to endometriosis. We included patients regardless of type of endometriosis and regardless of whether or not they had undergone endometriosis-related digestive surgery, and we assessed the influence of the presence of digestive endometriosis or a digestive surgical procedure related to endometriosis, in the response to the questionnaires. One hundred patients met these inclusion criteria, and all were from Rouen University Hospital




2.2. Data Collection


Patients were asked to participate in the ENDONUT pilot study by answering five validated questionnaires (Supplemental Questionnaires S1–S5) sent to them by e-mail via a secure e-mail box at Rouen University Hospital: the SCOFF-F questionnaire for the screening of ED [23,24]; the EAT-26 questionnaire which is another questionnaire for the screening of ED; Rome IV criteria for the diagnosis of IBS [12,13]; the Francis score to assess the severity of IBS; the HAD scale for anxiety and depression. Anthropometric data and lifestyle habits were also collected (Supplemental Questionnaire S6). The ROME-IV and SCOFF-F scores that we used in our study, are validated scores used in many other studies [12,13,23,24]. The data collected were anonymized.




2.3. Statistical Analyses


The variables were analyzed in terms of numbers, means with standard deviations and percentages. Comparative analyses of qualitative variables were performed with Pearson’s Chi-square test or Fisher’s exact test, and comparative analyses of quantitative variables with Student’s T-test. We also performed non-parametric Mann–Whitney test and Kruskal–Wallis test followed by Dunn’s post-test. The main cross-tabulations were performed on the SCOFF-F score and ROME-IV score variables. A p value of <0.05 was considered statistically significant. Statistical analysis was performed using SPSS version 20.0 software (SPSS Inc., Chicago, IL, USA).





3. Results


The primary aim was to investigate an association between IBS, ED and endometriosis by screening IBS and ED in patients from the CIRENDO database. The primary composite endpoint was SCOFF-F and ROME-IV scores.



Secondary aims were to assess the influence of the presence of digestive endometriosis or a digestive surgical procedure related to endometriosis, in the response to the questionnaires; to assess the severity of IBS and the presence of associated anxiety-depressive disorders in different sub-groups. We chose as secondary endpoints the EAT-26 score, the Francis score, the HAD score and the data collected by anthropometric and lifestyle habits questionnaire.



Among the 100 patients meeting the inclusion criteria, 54 patients completed all questionnaires and were included in the final analysis (Figure 1).



The description of the patients, with the available data in the CIRENDO database, completed by the data collected from our questionnaires, is detailed in Table 1 and Table 2.



Among the 54 included patients, 19 had a positive SCOFF-F score (35.2%), 26 had a positive ROME-IV score (48.1%), and 14 patients (25.9%) had both a positive SCOFF-F score and a positive ROME-IV score (p = 0.006) (Figure 2).



We tested the ROME-IV score with several variables, and only the HAD-Anxiety and HAD-Anxiety and Depression variables were significantly different according to the response to the ROME-IV score (Table 3).



We performed the same tests with the SCOFF-F score, and only the HAD-Anxiety variable was significantly different according to the response to the SCOFF-F score (Table 4).



We completed the analysis with non-parametric Mann–Whitney test and Kruskal–Wallis test followed by Dunn’s post-test, and we found a significant difference in the response to the HAD questionnaire according to SCOFF-F status (Figure 3A), ROME-IV status (Figure 3B) and both SCOFF-F and ROME-IV (Figure 4). Patients with positive SCOFF-F and ROME-IV scores had significantly higher HAD-anxiety and depression scores (p < 0.05, Figure 3 and Figure 4).



We did not observe any difference between the type of endometriosis or whether or not patients had undergone endometriosis-related digestive surgery, in the response to the questionnaires (Table 5). Moreover, we did not observe any difference between the Francis score and other variables. However, the EAT-26 score was significantly different for the HAD-Anxiety and Depression variable.




4. Discussion


Our study suggests an association between IBS, ED and endometriosis. A quarter of patients had both a positive SCOFF-F score and a positive ROME-IV score (p = 0.006). Moreover, the prevalence of positive SCOFF-F and ROME-IV scores, in our population of patients with endometriosis, is higher than the prevalence of ED and IBS in the general population [11,22].



Interestingly, we found a difference in the number of positive SCOFF-F scores compared to EAT-26 scores. The SCOFF-F score, a rapid and simple screening tool used in primary care, screens typical and atypical forms of ED, with a high sensitivity and specificity; whereas the EAT-26 score, which is less easy to use in current practice, is very efficient for the detection of typical ED but less for atypical ED, leading to misdiagnosed patients.



We also found a significant difference in the response to the HAD questionnaire according to ROME-IV and SCOFF-F status, indicating the involvement of anxiety disorders in these diseases, in accordance with the literature [10,13,15,21,25,26]. In fact, ED, which are associated with a vulnerability to stress, as well as IBS and endometriosis, which are associated with chronic pain syndrome, have a significant psychological impact and affect quality of life, leading to the emergence of anxiety and depressive disorders, frequently associated with these diseases.



Among the proposed pathophysiological hypotheses, alterations of the gut–microbiota–brain axis seem to be one of the common mechanisms involved in the development of these diseases [6,7,9,25,26,28,29,30,32,33,37,38]. Several studies have shown significant changes in gut microbiota composition in IBS patients compared to healthy subjects [6]. Gut dysbiosis has been correlated both with the severity of IBS and with gut inflammation, while dysregulating the immune system and altering estrogen metabolism in patients with endometriosis [6,37,38]. Alterations of gut microbiota have also been reported in patients with ED [25,29,30,32,33]. Gut microbiota is a key actor of the gut barrier. Several studies reported alterations of intestinal permeability in IBS and endometriosis, leading to the translocation of bacterial endotoxins involved in the secretion of pro-inflammatory cytokines, and to a chronic low-grade inflammatory response [6]. In ED, few clinical studies have assessed the alterations of intestinal permeability, but increased intestinal permeability has been reported in a mice model of anorexia [32,34,35,36]. In addition, several studies have reported a link between alterations of the gut–microbiota–brain axis and mood regulation [25,26,39]. To date, no study has reported a direct link between ED and endometriosis, or between gut dysbiosis and endometriosis in humans [6,7,38]. In a recent review of the literature, the intestinal microbiota is described as an endocrine organ that can influence other organs and their signaling pathways, including the female reproductive organ [40]. Even though studies conducted on animal models suggest a link between the intestinal microbiota and endometriosis, no cause and effect relationship has been formally established between gut dysbiosis and endometriosis in humans. Nevertheless, understanding the mechanisms of this possible relationship could help in the development of preventive or therapeutic strategies.



The strengths of our study are (i) the inclusion of patients from the large CIRENDO cohort coordinated by an expert center; (ii) the representativity of the included patients regarding age, date of onset of symptoms, type of endometriosis, and whether or not they had undergone endometriosis-related digestive surgery; and (iii) the inclusion of patients from the CIRENDO cohort with a documented diagnosis of less than 4 years. The limits of our study are (i) the inclusion of patients only from Rouen University Hospital; (ii) among them nearly 50% had digestive endometriosis, and nearly 50% had undergone a digestive surgical procedure related to their endometriosis. We can explain this finding by the fact that all our patients were from Rouen University Hospital, an expert center in the field of endometriosis, which may have contributed to a selection bias. However, it does not seem to have affected our results, in fact, we did not observe any significant difference between the type of endometriosis or whether or not patients had undergone endometriosis-related digestive surgery, in the response to the questionnaires; however, as the presence of bowel endometriosis could lead to the over-estimation of IBS, it would be relevant to include patients with other types of endometriosis in future larger studies. (iii) A final limitation was the small population involved in this pilot study; only 54 patients completed all the questionnaires, among the 100 patients meeting inclusion criteria. We attribute this low response rate in part to the influence that the current health crisis may have had on patient participation in our study. However, it does not seem to have significantly altered our results, in fact, patients’ characteristics did not differ between «responders» and «non responders». Furthermore, we chose to include patients with a recent diagnosis of endometriosis, less than 4 years, and regardless of the date of onset of symptoms. Therefore, we do not have data regarding the time between diagnosis or onset of symptoms and completion of the questionnaires. But, to our knowledge, this is the first study to examine the overlap between these three diseases. Other large studies are needed to confirm these results, with a focus on gut microbiota composition and functions.



Finally, the ENDONUT pilot study suggests an association between irritable bowel syndrome, eating disorders, endometriosis and anxiety-depressive disorders. Further large studies should assess the common underlying mechanisms of this «four-leaf clover» (Figure 5). Screening for these diseases should be systematic, using validated tools. The aim is to avoid diagnostic and therapeutic errancy or delay, and propose multidisciplinary therapeutic management of these patients including, in addition to conventional medical management, nutritional and dietary management and psychological support. Furthermore, modulation of the gut–microbiota–brain axis through the patients’ diet, for example by enriching their diet with omega-3 fatty acids and dietary fiber, and limiting the consumption of ultra-processed foods and those rich in saturated fatty acids; or by proposing prebiotics or probiotics; or by performing a fecal microbiota transplantation, could constitute promising therapeutic perspectives in the management of these diseases.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/jcm11195773/s1, S1: SCOFF Questionnaire; S2: ROME IV Questionnaire; S3: EAT-26 Questionnaire; S4: Francis score-irritable bowel syndrome severity questionnaire; S5: HAD Questionnaire; S6: Anthropometry and Lifestyle Questionnaire.





Author Contributions


Conceptualization, N.A.; Data curation, A.A.; Formal analysis, S.G. and M.C.; Methodology, A.B. and N.A.; Supervision, N.A.; Writing—original draft, A.A.; Writing—review & editing, H.R., C.H. and N.A. 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 CIRENDO database (NCT02294825), the French North-West Inter-Regional Cohort of women with ENDOmetriosishas been approved in 2009 by the French authority CCTIRS (Advisory Committee on information processing in healthcare research, No 09.445).




Informed Consent Statement


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




Data Availability Statement


The data presented in this study are available on request from the corresponding author.




Acknowledgments


The authors are grateful to Nikki Sabourin-Gibbs, Rouen University Hospital, for her help with editing the manuscript.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Serdar, E. Endometriosis. N. Engl. J. Med. 2009, 360, 268–279. [Google Scholar]

	



Pugsley, Z.; Ballard, K. Management of endometriosis in general practice: The pathway to diagnosis. Br. J. Gen. Pract. 2007, 57, 470–476. [Google Scholar] [PubMed]

	



Nnoaham, K.E.; Hummelshoj, L.; Webster, P.; d’Hooghe, T.; de Cicco Nardone, F.; de Cicco Nardone, C.; Jenkinson, C.; Kennedy, S.H.; Zondervan, K.T.; World Endometriosis Research Foundation Global Study of Women's Health consortium. Impact of endometriosis on quality of life and work productivity: A multicenter study accros ten countries. Fertil. Steril. 2011, 96, 366–373. [Google Scholar] [CrossRef] [PubMed]

	



Škegro, B.; Bjedov, S.; Mikuš, M.; Mustač, F.; Lešin, J.; Matijević, V.; Ćorić, M.; Elveđi Gašparović, V.; Medić, F.; Sokol Karadjole, V. Endometriosis, Pain and Mental Health. Psychiatr. Danub. 2021, 33 (Suppl. 4), 632–636. [Google Scholar] [PubMed]

	



Mikuš, M.; Matak, L.; Vujić, G.; Škegro, B.; Škegro, I.; Augustin, G.; Lagana, A.S.; Ćorić, M. The short form endometriosis health profile questionnaire (EHP-5): Psychometric validity assessment of a Croatian version. Arch. Gynecol. Obstet. 2022. [CrossRef]

	



Viganò, D.; Zara, F.; Usai, P. Irritable bowel syndrome and endometriosis: New insights for old diseases. Dig. Liver Dis. 2018, 50, 213–219. [Google Scholar] [CrossRef]

	



Saidi, K.; Sharma, S.; Ohlsson, B. A systematic review and meta-analysis of the associations between endometriosis and irritable bowel syndrome. Eur. J. Obstet. Gynecol. Reprod. Biol. 2020, 246, 99–105. [Google Scholar] [CrossRef]

	



Moore, J.S.; Gibson, P.R.; Perry, R.E.; Burgell, R.E. Endometriosis in patients with irritable bowel syndrome: Specific symptomatic and demographic profile, and response to the low FODMAP diet. Aust. N. Z. J. Obstet. Gynecol. 2017, 57, 201–205. [Google Scholar] [CrossRef]

	



Chiaffarino, F.; Cipriani, S.; Ricci, E.; Mauri, P.A.; Esposito, G.; Barretta, M.; Vercellini, P.; Parazzini, F. Endometriosis and irritable bowel syndrome: A systematic review and meta-analysis. Arch. Gynecol. Obstet. 2020, 303, 17–25. [Google Scholar] [CrossRef]

	



Sood, R.; Law, G.R.; Ford, A.C. Diagnosis of IBS: Symptoms, symptom-based criteria, biomarkers or ‘psychomarkers’. Nat. Rev. Gastroenterol. Hepatol. 2014, 11, 683–691. [Google Scholar] [CrossRef]

	



Sperber, A.; Dumitrascu, D.; Fukudo, S.; Gerson, C.; Ghoshal, U.C.; Gwee, K.A.; Hungin, A.P.; Kang, J.-Y.; Minhu, C.; Schmulson, M.; et al. The global prevalence of IBS in adults remains elusive due to the heterogeneity of studies: A Rome Foundation working team literature review. Gut 2016, 66, 1075–1082. [Google Scholar] [CrossRef] [PubMed]

	



Chang, L. Updates to the Rome Criteria for Irritable Bowel Syndrome. Gastroenterol. Hepatol. 2017, 13, 304–306. [Google Scholar]

	



Drossman, D.A. Functional Gastrointestinal Disorders: History, Pathophysiology, Clinical Features, and Rome IV. Gastroenterology 2016, 150, 1262–1279.e2. [Google Scholar] [CrossRef] [PubMed]

	



Mari, A.; Hosadurg, D.; Martin, L.; Zarate-Lopez, N.; Passananti, V.; Emmanuel, A. Adherence with a low-FODMAP diet in irritable bowel syndrome: Are eating disorders the missing link? Eur. J. Gastroenterol. Hepatol. 2019, 31, 178–182. [Google Scholar] [CrossRef] [PubMed]

	



Santonicola, A.; Gagliardi, M.; Guarino, M.P.L.; Siniscalchi, M.; Ciacci, C.; Iovino, P. Eating Disorders and Gastrointestinal Diseases. Nutrients 2019, 11, 3038. [Google Scholar] [CrossRef] [PubMed]

	



Reed-Knight, B.; Squires, M.; Chitkara, D.K.; Van Tilburg, M.A.L. Adolescents with IBS report increased eating associated symptoms, changes in dietary composition, and altered eating behaviors: A pilot comparison study to healthy adolescents. Neurogastroenterol. Motil. 2016, 28, 1915–1920. [Google Scholar] [CrossRef]

	



Battle, D.E. Diagnostic and Statistical Manual of Mental Disorders (DSM). Codas 2013, 25, 191–192. [Google Scholar]

	



Sato, Y.; Fukudo, S. Gastrointestinal symptoms and disorders in patients with eating disorders. Clin. J. Gastroenterol. 2015, 8, 255–263. [Google Scholar] [CrossRef]

	



Abraham, S.; Kellow, J.E. Do the digestive tract symptoms in eating disorder patients represent functional gastrointestinal disorders? BMC Gastroenterol. 2013, 13, 38. [Google Scholar] [CrossRef]

	



DeJong, H.; Perkins, S.; Grover, M.; Schmidt, U. The prevalence of irritable bowel syndrome in outpatients with bulimia nervosa. Int. J. Eat. Disord. 2011, 44, 661–664. [Google Scholar] [CrossRef]

	



Melchior, C.; Desprez, C.; Riachi, G.; Leroi, A.-M.; Déchelotte, P.; Achamrah, N.; Ducrotté, P.; Tavolacci, M.-P.; Gourcerol, G. Anxiety and Depression Profile Is Associated with Eating Disorders in Patients with Irritable Bowel Syndrome. Front. Psychiatry 2020, 10, 928. [Google Scholar] [CrossRef] [PubMed]

	



Galmiche, M.; Déchelotte, P.; Lambert, G.; Tavolacci, M.P. Prevalence of eating disorders over the 2000–2018 period: A systematic literature review. Am. J. Clin. Nutr. 2019, 109, 1402–1413. [Google Scholar] [CrossRef] [PubMed]

	



Luck, A.J.; MorganLuck, J.F.; Reid, F.; O’Brien, A.; Brunton, J.; Price, C.; Perry, L.; Lacey, J.H. The SCOFF questionnaire and clinical interview for eating disorders in general practice: Comparative study. BMJ 2002, 325, 755–756. [Google Scholar] [CrossRef]

	



Garcia, F.D.; Grigioni, S.; Allais, E.; Houy-Durand, E.; Thibaut, F.; Déchelotte, P. Detection of eating disorders in patient: Validity and reliability of the French version of the SCOFF questionnaire. Clin. Nutr. 2011, 30, 178–181. [Google Scholar] [CrossRef] [PubMed]

	



Kleiman, S.C.; Watson, H.J.; Bulik-Sullivan, E.C.; Huh, E.Y.; Tarantino, L.M.; Bulik, C.M.; Carroll, I.M. The intestinal microbiota in acute anorexia nervosa and during renourishment: Relationship to depression, anxiety, and eating disorders psychopathology. Psychosom. Med. 2015, 77, 969–981. [Google Scholar] [CrossRef]

	



Manson, L.B. Feeding systems and the gut microbiome: Gut-brain interactions with relevance to psychiatric conditions. Psychosomatics 2017, 58, 574–580. [Google Scholar] [CrossRef]

	



Perkins, S.; Keville, S.; Schmidt, U.; Chalder, T. Eating disorders and irritable bowel syndrome: Is there a link? J. Psychosom. Res. 2005, 59, 57–64. [Google Scholar] [CrossRef]

	



Kleiman, S.C.; Glenny, E.M.; Bulik-Sullivan, E.C.; Huh, E.Y.; Tsilimigras, M.C.B.; Fodor, A.A.; Bulik, C.; Carroll, I.M. Daily Changes in Composition and Diversity of the Intestinal Microbiota in Patients with Anorexia Nervosa: A Cases Series. Eur. Eat. Disord. Rev. 2017, 25, 423–427. [Google Scholar] [CrossRef]

	



Morita, C.; Tsuji, H.; Hata, T.; Gondo, M.; Takakura, S.; Kawai, K.; Yoshihara, K.; Ogata, K.; Nomoto, K.; Miyazaki, K.; et al. Gut Dysbiosis in Patients with Anorexia Nervosa. PLoS ONE 2015, 10, e0145274. [Google Scholar] [CrossRef]

	



Borgo, F.; Riva, A.; Benetti, A.; Casiraghi, M.C.; Bertelli, S.; Garbossa, S.; Anselmetti, S.; Scarone, S.; Pontiroli, A.E.; Morace, G.; et al. Microbiota in anorexia nervosa: The triangle between bacterial species, metabolites and psychological tests. PLoS ONE 2017, 12, e0179739. [Google Scholar] [CrossRef]

	



Bulik, C.M.; Flatt, R.; Abbaspour, A.; Carroll, I. Reconceptualizing anorexia nervosa. Psychiatry Clin. Neurosci. 2019, 73, 518–525. [Google Scholar] [CrossRef] [PubMed]

	



Lam, Y.Y.; Maguire, S.; Palacios, T.; Caterson, I.D. Are the Gut Bacteria Telling Us to Eat or Not to Eat? Reviewing the Role of Gut Microbiota in the Etiology, Disease Progression and Treatment of Eating Disorders. Nutrients 2017, 9, 602. [Google Scholar] [CrossRef] [PubMed]

	



Breton, J.; Tennoune, N.; Lucas, N.; Francois, M.; Legrand, R.; Jacquemot, J.; Goichon, A.; Guérin, C.; Peltier, J.; Pestel-Caron, M.; et al. Gut Commensal E. coli Proteins Activate Host Satiety Pathways following Nutrient-Induced Bacterial Growth. Cell Metab. 2015, 23, 324–334. [Google Scholar] [CrossRef] [PubMed]

	



Achamrah, N.; Nobis, S.; Breton, J.; Jésus, P.; Belmonte, L.; Maurer, B.; Legrand, R.; Bôle-Feysot, C.; Rego, J.C.D.; Goichon, A.; et al. Maintaining physical activity during refeeding improves body composition, intestinal hyperpermeability and behavior in anorectic mice. Sci. Rep. 2016, 6, 21887. [Google Scholar] [CrossRef]

	



Monteleone, P.; Carratù, R.; Cartenì, M.; Generoso, M.; Lamberti, M.; De Magistris, L.; Brambilla, F.; Colurcio, B.; Secondulfo, M.; Maj, M. Intestinal permeability is decreased in anorexia nervosa. Mol. Psychiatry 2003, 9, 76–80. [Google Scholar] [CrossRef]

	



Jésus, P.; Ouelaa, W.; François, M.; Riachy, L.; Guérin, C.; Aziz, M.; Rego, J.-C.D.; Déchelotte, P.; Fetissov, S.O.; Coëffier, M. Alteration of intestinal barrier function during activity-based anorexia in mice. Clin. Nutr. 2014, 33, 1046–1053. [Google Scholar] [CrossRef]

	



Jiang, I.; Yong, P.; Allaire, C.; Bedaiwy, M. Intricate Connections between the Microbiota and Endometriosis. Int. J. Mol. Sci. 2021, 22, 5644. [Google Scholar] [CrossRef]

	



Chadchan, S.B.; Popli, P.; Ambati, C.R.; Tycksen, E.; Han, S.J.; Bulun, S.E.; Putluri, N.; Biest, S.W.; Kommagani, R. Gut microbiota–derived short-chain fatty acids protect against the progression of endometriosis. Life Sci. Alliance 2021, 4, e202101224. [Google Scholar] [CrossRef]

	



Lee, Y.; Kim, Y.-K. Understanding the Connection between the Gut–Brain Axis and Stress/Anxiety Disorders. Curr. Psychiatry Rep. 2021, 23, 22. [Google Scholar] [CrossRef]

	



Chadchan, S.B.; Singh, V.; Kommagani, R. Female reproductive dysfunctions and the gut microbiota. J. Mol. Endocrinol. 2022, 69, R81–R94. [Google Scholar] [CrossRef]








[image: Jcm 11 05773 g001 550] 





Figure 1. Flowchart for the selection of the study group. 
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Figure 2. SCOFF-F and ROME-IV scores in the 54 responding patients. SCOFF-F: Sick, Control, One, Fat, Food-French version score; Neg ROME-IV: Negative ROME-IV; Neg SCOFF-F: Negative SCOFF-F; Pos ROME-IV: Positive ROME-IV; Pos SCOFF-F: Positive SCOFF-F. 
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Figure 3. Response to the HAD questionnaire according to SCOFF-F status (A) and ROME IV status (B). *, p < 0.05; ***, p < 0.0001; HAD-A: HAD-Anxiety; HAD-D: HAD-Depression; HAD A + D: HAD-Anxiety and Depression; ROME+: ROME-IV positive; ROME−: ROME-IV negative; SCOFF+: SCOFF-F positive; SCOFF−: SCOFF-F negative. 






Figure 3. Response to the HAD questionnaire according to SCOFF-F status (A) and ROME IV status (B). *, p < 0.05; ***, p < 0.0001; HAD-A: HAD-Anxiety; HAD-D: HAD-Depression; HAD A + D: HAD-Anxiety and Depression; ROME+: ROME-IV positive; ROME−: ROME-IV negative; SCOFF+: SCOFF-F positive; SCOFF−: SCOFF-F negative.
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Figure 4. Response to the HAD questionnaire according to ROME-IV and SCOFF-F status combined. ***, p < 0.001 Dunn’s post-test; HAD-A: HAD-Anxiety (A); HAD-D: HAD-Depression (B); HAD A + D: HAD Anxiety and Depression (C); Ro+: ROME-IV positive; Ro−: ROME-IV negative; Sc+: SCOFF-F positive; Sc−: SCOFF-F negative. 






Figure 4. Response to the HAD questionnaire according to ROME-IV and SCOFF-F status combined. ***, p < 0.001 Dunn’s post-test; HAD-A: HAD-Anxiety (A); HAD-D: HAD-Depression (B); HAD A + D: HAD Anxiety and Depression (C); Ro+: ROME-IV positive; Ro−: ROME-IV negative; Sc+: SCOFF-F positive; Sc−: SCOFF-F negative.
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Figure 5. The four-leaf clover. 
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Table 1. Characteristics of the 100 patients meeting the inclusion criteria.






Table 1. Characteristics of the 100 patients meeting the inclusion criteria.





	Variables
	No (%)





	Age (years)
	(18–49) (34) 6.804 (1)



	Presence of digestive endometriosis
	44 (48.4) (2)



	Endometriosis-related digestive surgery
	44 (44)



	Response to the questionnaires
	54 (54)







(1) (minimum–maximum) (mean) standard deviation. (2) (valid percentage) 9 missing data.
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Table 2. Characteristics of the 54 responding patients included in the final analysis. BMI: Body Mass Index; IBS: Irritable Bowel Syndrome; ED: Eating Disorders; SCOFF-F: Sick, Control, One, Fat, Food-French version score; EAT-26: Eating Attitudes Test-26; HAD: Hospital Anxiety and Depression Scale.






Table 2. Characteristics of the 54 responding patients included in the final analysis. BMI: Body Mass Index; IBS: Irritable Bowel Syndrome; ED: Eating Disorders; SCOFF-F: Sick, Control, One, Fat, Food-French version score; EAT-26: Eating Attitudes Test-26; HAD: Hospital Anxiety and Depression Scale.





	Variables
	No (%)





	Age (years)
	(18–49) (34.5) 7.427 (1)



	BMI (kg/m2)
	(16.87–34.56) (24.85) 4.099 (1)



	Age at diagnosis of endometriosis (years)
	(17–47) (31) 7.836 (1)



	Presence of digestive endometriosis
	25 (50) (2)



	Endometriosis-related digestive surgery
	26 (48.1)



	History of IBS
	10 (18.5)



	History of ED
	3 (5.6)



	History of anxiety and depressive disorders
	5 (9.3)



	Delay in diagnosis of endometriosis > 6 years
	38 (70.4)



	Regular abdominal pain
	35 (64.8)



	Pain not related to the menstrual cycle
	24/35 (68.6)



	Regular use of analgesics
	15 (27.8)



	Regular use of anxiolytics
	6 (11.1)



	Ongoing hormone treatment for endometriosis
	33 (61.1)



	Positive SCOFF-F
	19 (35.2)



	Positive EAT-26
	10 (18.5)



	Positive ROME-IV
	26 (48.1)



	Positive HAD-Anxiety
	33 (61.1)



	Positive HAD-Depression
	18 (33.3)



	Positive HAD-Anxiety and Depression
	12 (22.2)







(1) (minimum–maximum) (mean) standard deviation. (2) (valid percentage) 4 missing data.
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Table 3. ROME-IV score and other variables of interest in the 54 responding patients. EAT-26: Eating Attitudes Test-26; HAD: Hospital Anxiety and Depression Scale; *, p < 0.05.






Table 3. ROME-IV score and other variables of interest in the 54 responding patients. EAT-26: Eating Attitudes Test-26; HAD: Hospital Anxiety and Depression Scale; *, p < 0.05.





	

	
Negative ROME-IV No (%)

	
Positive ROME-IV No (%)

	
p Value (<0.05 *)






	
Positive EAT-26 No (%)

	
3 (5.6)

	
7 (13)

	
p = 0.169




	
Negative EAT-26 No (%)

	
25 (46.3)

	
19 (35.2)




	
Presence of digestive endometriosis No (%) (1)

	
15 (30) (1)

	
10 (20) (1)

	
p = 0.258




	
Absence of digestive endometriosis No (%) (1)

	
11 (22) (1)

	
14 (28) (1)




	
Endometriosis-related digestive surgery No (%)

	
14 (25.9)

	
12 (22.2)

	
p = 0.777




	
Absence of endometriosis-related digestive surgery No (%)

	
14 (25.9)

	
14 (25.9)




	
Positive HAD-Anxiety No (%)

	
11 (20.4)

	
22 (40.7)

	
p = 0.001 *




	
Negative HAD-Anxiety No (%)

	
17 (31.5)

	
4 (7.4)




	
Positive HAD-Depression No (%)

	
8 (14.8)

	
10 (18.5)

	
p = 0.441




	
Negative HAD-Depression No (%)

	
20 (37)

	
16 (29.6)




	
Both positive HAD-Anxiety and Depression No (%)

	
2 (3.7)

	
10 (18.5)

	
p = 0.008 *




	
HAD-Anxiety and Depression both non-positive No (%)

	
26 (48.1)

	
16 (29.6)








(1) (valid percentage) 4 missing data.
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Table 4. SCOFF-F score and other variables of interest in the 54 responding patients. SCOFF-F: Sick, Control, One, Fat, Food-French version score; HAD: Hospital Anxiety and Depression Scale; *, p < 0.05.






Table 4. SCOFF-F score and other variables of interest in the 54 responding patients. SCOFF-F: Sick, Control, One, Fat, Food-French version score; HAD: Hospital Anxiety and Depression Scale; *, p < 0.05.





	

	
Negative SCOFF-F No (%)

	
Positive SCOFF-F No (%)

	
p Value (<0.05 *)






	
Presence of digestive endometriosis No (%) (2)

	
18 (36) (2)

	
7 (14) (2)

	
p = 0.239




	
Absence of digestive endometriosisNo (%) (2)

	
14 (28) (2)

	
11 (22) (2)




	
Endometriosis-related digestive surgeryNo (%)

	
19 (35.2)

	
7 (13)

	
p = 0.221




	
Absence of endometriosis-related digestive surgeryNo (%)

	
16 (29.6)

	
12 (22.2)




	
Positive HAD-AnxietyNo (%)

	
17 (31.5)

	
16 (29.6)

	
p = 0.018 *




	
Negative HAD-AnxietyNo (%)

	
18 (33.3)

	
3 (5.5)




	
Positive HAD-DepressionNo (%)

	
10 (18.5)

	
8 (14.8)

	
p = 0.314




	
Negative HAD-Depression No (%)

	
25 (46.3)

	
11 (20.4)




	
Both positive HAD-Anxiety and DepressionNo (%)

	
5 (9.3)

	
7 (13)

	
p = 0.057




	
HAD-Anxiety and Depression both non-positiveNo (%)

	
30 (55.6)

	
12 (22.2)




	
Francis score 0-199 No (%) (1)

	
5 (19.2) (1)

	
3 (11.5) (1)

	
p = 0.508




	
Francis score 200-399 No (%) (1)

	
6 (23.1) (1)

	
10 (38.5) (1)




	
Francis score ≥ 400No (%) (1)

	
1 (3.8) (1)

	
1 (3.8) (1)








(1) Only patients with positive ROME IV criteria are considered. (2) (valid percentage) 4 missing data.
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Table 5. Type of endometriosis and endometriosis-related digestive surgery in the response or not to the questionnaires. *, p < 0.05.






Table 5. Type of endometriosis and endometriosis-related digestive surgery in the response or not to the questionnaires. *, p < 0.05.





	

	
Absence of Response to the Questionnaires No (%)

	
Response to the Questionnaires No (%)

	
p Value (<0.05 *)






	
Presence of digestive endometriosis No (%) (1)

	
22 (24.2) (1)

	
25 (27.5) (1)

	
p = 0.728




	
Absence of digestive endometriosis No (%) (1)

	
19 (20.9) (1)

	
25 (27.5) (1)




	
Endometriosis-related digestive surgeryNo (%)

	
18 (18)

	
26 (26)

	
p = 0.365




	
Absence of endometriosis-related digestive surgery No (%)

	
28 (28)

	
28 (28)








(1) (valid percentage) 9 missing data.
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