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The complexity of irritable bowel syndrome in women 

Irritable bowel syndrome (IBS) is a common problem amongst men and women, it is estimated to affect around 1 in 10 people globally with a prevalence in women at a ratio of 2–2.5 when compared to every man (Riezzo et al., 2023; Van Kessel, Teunissen and Lagro-Janssen, 2021). IBS is a condition that affects the digestive system; however, it is a complex pathophysiology which is misunderstood (Black et al., 2020). Recent studies by Goodory et al. (2022); Ford et al. (2020a); Bassotti (2022); Oshima et al. (2021) and Ozcaglayan et al. (2020) conclude it is a disorder of the gut-brain axis leading to visceral hypersensitivity, increased intestinal permeability, altered gut microbiota and dysfunction of the vagal nerve (which is the main pathway allowing information to travel through the gut-brain axis). This is why the prevalence of IBS is seen in people with psychological comorbidity, furthermore, psychosocial stress is a high-risk factor in both development and relapse of IBS (Koch et al., 2020). 
The co-occurrence of IBS with anxiety and depression is highly prevalent as 84% of IBS cases were linked with a psychological condition (Simpson et al., 2020; Hu et al., 2021; Zamani, Alizadeh-Tabari and Zamani, 2019; Midenfjord et al., 2019). Zamani, Alizadeh-Tabari and Zamani’s (2019) study on nearly 800 IBS patients found that 44.9% suffered with anxiety and 25.7% with depression. Midenfjord et al. (2019) systematic review of 79 articles supports this claim that anxiety was more prevalent in IBS than depression. However, Hu et al. (2021) study which involved 7095 participants found anxiety results were similar to depression. This psychological comorbidity is seen as the brain and gut are connected by several metabolic and signalling pathways, each of which have an impact on mental, neurological, and cognitive health (Chakrabarti et al., 2022). The brain can affect intestinal activities, such as the activity of functional immune effector cells, through the autonomic nervous system, the hypothalamic-pituitary-adrenal (HPA) axis, and nerves within the gastrointestinal tract (Chakrabarti et al., 2022; Rusch, Layden and Dugas, 2023). 
The gut can also affect mood, cognition, and mental health, as the gut microbiota activates one of the major neuroendocrine systems – the HPA axis (Rusch, Layden and Dugas, 2023). This is involved in regulating mood and emotions and controls the response to stress by producing glucocorticoids, such as cortisol (Chakrabarti et al., 2022; Rusch, Layden and Dugas, 2023). Cortisol can affect the diversity and composition of the gut microbiota, changing intestinal permeability and gut transit time and leading to somatic symptoms (Rusch, Layden and Dugas, 2023). The bidirectional communication between the brain and gut, known as the gut-brain axis, plays a crucial role in IBS (Rusch, Layden and Dugas, 2023). The gastrointestinal tract's ability to function is significantly impacted by the strong correlation between anxiety and cortisol - the stress hormone (Rusch, Layden and Dugas, 2023). This relationship increases intestinal permeability and gut transit time, which can result in IBS symptoms. (Rusch, Layden and Dugas, 2023; Midenfjord et al., 2019). Conversely, the gut microbiota can also influence cortisol production, creating a feedback loop that can exacerbate both IBS and mental health symptoms (Rusch, Layden and Dugas, 2023). To summarise, mental health disorders such as anxiety and depression effect the gut-brain axis altering the gut microbiota (due to the gut receiving messages from the brain), and stress hormones, such as cortisol, released by anxiety can weaken the immune system leading to gut dysbiosis and IBS. 

There are a number of symptoms associated with IBS. These include abdominal pain, bloating and changes in bowel movements which has a substantial impact on a person’s quality of life and social functioning (Pimentel and Lembo, 2020; Ford et al., 2020b; Bassotti, 2022 and Oshima et al., 2021). IBS has been differentiated into three subtypes: IBS constipation (IBS-C), IBS diarrhoea (IBS-D) and mixed IBS (IBS-M) (Xu et al., 2023; Camilleri, 2020).  IBS-C is seen more in women as it is related to spastic conditions affecting the pelvic floor or anal sphincters (Xu et al., 2023). This can be caused by a woman’s physiological profile of the pelvic formation or trauma caused by childbirth through vaginal delivery (Riezzo et al., 2023). Furthermore, another cause why women are more likely to experience IBS-C than men is due to the automatic contraction of smooth muscle cells that line the walls of the stomach and intestines, as these cells help with digestion, and high levels of oestrogen and progesterone in women which can slow down gut motility (van Kessel, Teunissen and Lagro-Janssen, 2021). 

A significant association was found by Adibi et al’s., (2022) study showing that IBS-C was more linked to people suffering with depression (Adibi et al., 2022). The prevalence of people suffering with depressive episodes and IBS was highest amongst females (72%) (Mokhtar et al.,2020).  People suffering with IBS-C were found to have alteration in the gut microbiota, and these alterations can affect gut motility which contributes to constipation (Mokhtar et al., 2020; Adibi et al., 2022). The gut microbiota produces neurotransmitters such as serotonin; serotonin plays a role in mood regulation, thus contributing to depression (Vahora et al., 2020). Pimentel and Lembo (2020) and Takakura and Pimentel (2020) found this was due to increased levels of methanobrevibacter smithi (bacteria) in the gut that dysbiosis was caused. Fu et al. (2021) and Wong et al. (2020) believe the cause comes from diet and environment which can cause dysregulation of the intestinal flora causing constipation. It is suggested that confinement, lack of social interaction and poor diet from the COVID19 pandemic massively impacted women's mental health as social interaction is critical for their emotional well-being (Bartoszek et al., 2020; Li et al., 2020). IBS-C is diagnosed by certain clinical symptoms such as severe abdominal discomfort, distension, bloating, pain associated with bowel movements and comorbidity with depression (Naser, Naser and Shehata, 2021).  The surplus of symptoms are bowel movements which vary depending on the subtype of IBS. These are exacerbated by the feedback loop system of the gut microbiome and mental health in a constant cycle, such as IBS-C and depression. 

It has generally been found that IBS symptoms are more severe in women, especially since COVID 19. Narayanan, Anderson and Bharucha, (2021) and (Camilleri, 2020) specifically found bloating, constipation or diarrhoea to be more severe in women. Although men with IBS are more likely to suffer with IBS-D (Narayanan, Anderson and Bharucha, 2021; Camilleri, 2020), women with IBS –D were found to suffer with more severe symptoms linked with diarrhoea, such as abdominal pain (Nilholm et al., 2019). Nilholm et al’s. (2019) study found women with IBS-D had low ferritin and vitamin D levels, which was suggested to be due to poor, irregular diet. Unhealthy irregular eating habits were seen to increase during COVID19 (González-Monroy et al., 2021). However, Lu et al. (2020) discovered that IBS-D is more associated with depression than IBS-C, and it was found that higher levels of anxiety/somatization and retardation symptoms were also present. This would give reason why numbers of IBS cases have risen since COVID19. Settanni et al. (2021) believes the management and psychological aspects associated with COVID 19 triggered disorders to the gut-brain axis which led to more cases of IBS. Nakov et al. (2021) suggested it was the fear of the disease and the remedial measures which were put in place which caused severe anxiety and stress. Oshima et al. (2022) supported this claim that the rise in IBS was caused by many of the population suffering with immense stress and anxiety. Purvis et al. (2022) and Tarbiah et al. (2021) also found it affected more women because of the psychological impact COVID 19 caused. Furthermore, significantly higher rates of IBS were found amongst patients who had suffered with COVID19 (Marasco,2023). It appears that the increase in IBS in recent years is due to environment, mainly through stress and anxiety caused by COVID19 as well as the impact of diet during this time. 

The severity of IBS symptoms appears to vary between women who are pre-menopausal and those who are post-menopausal. Menopausal women’s experience of IBS is influenced by a number of factors, including the hormonal changes associated with menopause, stress-related conditions and perceptions, health behaviours (such as sleep, hormone use, diet, and physical activity), and gut microbiome (Yang, Heitkemper and Kamp, 2021).  It is suggested that the increase in permeability caused by the hormonal change increases inflammatory markers (mainly C-reactive protein) influencing IBS symptoms (Shieh et al., 2020). Although Choghakhori et al’s. (2017) small study found no significant difference in severity of symptoms between pre- and post-menopausal women, numerous studies found otherwise.   
Lenhart et al. (2020) found that post-menopausal women (>45 years) suffered with more severe IBS symptoms due to the low oestrogen levels that happens after menopause, affecting the gut-brain connection which interferes with the gastrointestinal tract and visceral perceptions, causing IBS symptoms.  Sik Yu So and Savidge (2021) concluded that it was the hormones, oestrogens and androgens (testosterone, androstenedione, dehydroepiandrosterone), that play a role in the onset and the severity of the symptoms associated with IBS. This is due to these sex hormones’ ability to regulate the stress response, visceral sensitivity and motility, intestinal barrier function, and immunological activation of the intestinal mucosa, which are peripheral and central regulatory processes involved in the pathophysiology of IBS (Riezzo et al., 2023). They also have a direct impact on the enteric nervous system and gut bacteria (Riezzo et al., 2023). 

Pretorius et al’s. (2022) in-depth study of the gut microbiome indicated oestrogen fluctuation caused alterations in the microbial growth leading to dysbiosis. Furthermore, oestrogen and progesterone activity can cause dysregulation of the hypothalamic-pituitary-adrenal axis, increasing the circulating levels of corticotropin-releasing hormone and cortisol (Rybka et al., 2022; Camilleri, 2020). High levels of corticotropin-releasing hormone are connected to anxiety and depression (Rybka et al., 2022), whereas, testosterone (a high-profile hormone in men) reduces any stress-related cortisol release and has analgesic effects, reducing any pain associated with IBS (Camilleri, 2020). Oestrogen can affect the hypothalamic-pituitary-adrenal axis which controls the level of CRH which is the main hormone responsible for stress in the body, which both increases anxiety levels and is, itself, increased by anxiety (Leistner and Menke, 2020). Furthermore, testosterone inhibits the release of CRH, reducing anxiety levels. These findings regarding the changes in hormones indicate why women suffer, and have more severe symptoms of IBS, than men. Additionally, it is seen to effect more menopausal women than perimenopausal women, due to the lack of hormones (oestrogen) produced. 
Furthermore, the complexity of female reproductive hormones affects other female conditions, such as PCOS and endometriosis which have a direct impact on IBS. It was found by Wei et al. (2023) that there is a substantial correlation between women with hormonal imbalances such as polycystic ovary syndrome (PCOS) or endometriosis as they are more prone to suffering with IBS. Additionally, Kałużna et al. (2022) found the occurrence of depression and IBS was higher in women who suffered with PCOS verses non-IBS-PCOS women.  The link of depression and IBS is well known, but Nabi et al. (2022) and Wei et al. (2023) highlight that there is currently no specific test available for diagnosing IBS and possible bias should be considered as IBS shares many clinical features, such as abdominal pain and discomfort, that are associated with PCOS and endometrioses. 
However, Bazarganipour et al. (2020) and Nedresky and Singh (2022) explain how they are linked as they found women with PCOS had raised ratio levels of both luteinising hormon and follicle stimulating hormone, which directly impacts IBS symptoms as the luteinising hormone stimulates ovulation which controls the release of progesterone, leading to hormonal imbalance. Furthermore, progesterone regulates colonic 5-hydroxytryptamine (5-HT) activity, which is known to control peristalsis, along with oestrogen, which can affect the smooth muscle contraction; both of these can alter gastrointestinal motility (Pati et al., 2021). 
Looking at endometriosis, (a hormonal imbalance condition) a disease caused by chronic inflammation resulting in tissue growing outside of the uterus which causes severe pelvic and lower abdominal pain, evidence from an epidemiology review found that women with endometriosis have a two-threefold increased risk in developing IBS (Nabi et al., 2022; Imperiale et al., 2023). Endometriosis is found to be linked with IBS due to the increased presence of mast cells and chronic inflammatory process (Farino et al., 2020; Svensson et al., 2021).  Inflammation from endometriosis can alter the gut flora and cause irritation to the nerves in the digestive tract, which can result in IBS symptoms such as constipation (Borghini et al., 2020; Junkka and Ohlsson, 2023). In regard to PCOS, papers by Siddiqui et al. (2022) and Sovijit et al. (2019) and Calcaterra et al. (2022) concluded that it was the alteration of hormones, especially oestrogen, that causes disruption of the gut microbiota leading to IBS symptoms. It was found that progesterone, a steroid hormone, highly prevalent during the premenstrual phase, affects mood, especially anxiety and depression, which goes on to affect the gut-brain axis, altering the gut microbiome (Sovijit et al., 2019; Chiaffarino et al., 2020). These other hormonal imbalance conditions such as PCOS and endometriosis affect IBS in different ways. As discussed above, PCOS is a hormonal imbalance condition affecting mood, mood is a psychological symptom effecting the gut-brain axis leading to IBS symptoms, whereas endometriosis develops from a hormonal imbalance, and it is endometriosis clinical symptoms that can cause IBS.  
As has previously been mentioned, there are three subtypes of IBS, with IBS-D mainly affecting men. Interestingly, the exact cause of IBS-D is unknown, but studies from Altomare et al. (2021), Chao and Zhang (2020) and Pimentel and Lembo (2020) suggest it is due to alteration in the composition of microbiota. Chao and Zhang (2020) specifically noted it was due to increased enterobacterium and low numbers of bifidobacteria and lactobacillus. Alteration to the gut microbiome can be caused by exposure to pathogens leading to acute gastroenteritis, thus leading to IBS (Chao and Zhang, 2020; Pimentel and Lembo, 2020). 
IBS-D is associated with bacterial overgrowth of the small intestines (SIBO) (Pimentel and Lembo, 2020; Kee Huat Chuah et al., 2021; Farmer, Wood and Ruffle, 2020; Nam et al., 2021). Cytolethal distending toxin B (CdtB) is a frequent toxin produced by the pathogens that induce gastroenteritis and, subsequently, the development of IBS (Pimentel and Lembo, 2020; Zaki et al., 2021). Antibodies made against CdtB cross-react with the cytoskeletal protein vinculin (actin-binding protein) inhibiting gut motility, which facilitates bacterial overgrowth causing IBS (Pimentel and Lembo, 2020; Zaki et al., 2021).  IBS-D and IBS-M patients have been shown to have high levels of anti-CdtB, and anti-vinculin (Takakura and Pimentel, 2020; Pimentel and Lembo, 2020; Zaki et al., 2021). Numerous studies from Takakura and Pimentel (2020); Pimentel and Lembo (2020) and Zaki et al. (2021)  have discovered that these two biomarkers (antibodies to CdtB and vinculin) can distinguish between various bowel disorders and conditions that cause diarrhoea and IBS-D/M. However, an Australian study by Talley et al. (2019) did not find this link, they agreed that CdtB antibiobies are raised but no difference was found in Vinculin and stated that the same antibodies were raised in inflammatory bowel disease, so were unable to differentiate between the two disorders. 
As previously mentioned, people suffering with IBS-D are also more likely to have a comorbidity with mental disorders (Lu et al., 2020). Another interesting find by González-Monroy et al. (2021) found people who had IBS-D had low vitamin D levels, this was due to lack of exposure to sunlight and poor diet. From the limited research available, there is no specific reason why IBS-D affects more men than women, and it seems the leading cause of IBS-D is from small intestinal bacterial overgrowth (SIBO) which is also linked with IBS-M.  
IBS-M is the more commonly subtype of IBS and is linked to several comorbidity problems, which is why it is challenging to diagnose and difficult to treat (Kim and Kim, 2018; Tseng et al., 2021).  This was found by many studies including a review from The National Gastrointestinal Survey on 71,812 individuals that 58.8% had IBS-M, 21.2% had IBS-D, and 20.0% had IBS-C (Tseng et al., 2021; Shah et al., 2020).  Psychiatric comorbidity is seen to be the main cause of IBS-M due to radical psychosocial distress and somatization causing a frequent change in mood and symptoms (Meade and Garvey, 2022; Balmus et al., 2020; Riezzo et al., 2023).  Although bowel movements vary, every person with IBS suffers from abdominal pain (Hadjivasilis, 2019). 
Although there is no specific test for IBS, The Rome IV Diagnostic Criteria for Disorders of Gut-Brain Interaction (DGBI) is generally used to diagnose IBS. It is based on a history of recurrent abdominal pain that is associated with defecation, changes in the frequency of stools, and changes in the appearance of stools (as measured by the Bristol Stool Form Scale—BSFS) (Agata Furgała et al., 2023; Lacy et al., 2019). On average, this pain occurs at least once per week during a three-month period (Agata Furgała et al., 2023; Lacy et al., 2019). Diagnosis can be challenging due to IBS being a multifactorial disorder with other diseases having similar signs and symptoms, which is also why IBS can be misdiagnosed (Hadjivasilis, 2019; Ferreira, Garrido and Castro-Poças, 2019). 
Due to the heterogeneity of IBS, treatment is varied (Ferreira, Garrido and Castro-Poças, 2019). There is no specific course of treatment, and, generally, it entails a multidisciplinary approach involving different options (Camilleri, 2021; van Kessel, Teunissen and Lagro-Janssen, 2021).The severity of the predominant symptom is generally treated first, which is why the initial line of therapy is dietary modification as this is due to people reporting that symptoms worsen post-food intake (Selvaraj et al., 2020; Nee and Lembo, 2021). 
Psychotherapy is also essential as most people suffer with some form of mental health problem and research shows this is a highly effective treatment for IBS (Fukudo et al., 2021; Hetterich and Stengel, 2020). Complementary and alternative medicines such as: probiotics to help balance the gut microbiome; peppermint oil for its antispasmodic properties; and berberine hydrochloride for its anti-inflammatory, antibacterial, analgesic, and antidiarrheal properties as well as its ability to regulate the release of certain neurotransmitters, are another significant treatment option (Lu et al., 2021; Selvaraj et al., 2020; Alammar et al., 2019). Education is also essential as research shows people who received informed education had a significant improvement in symptom severity and quality of life compared to patients who did not receive education (Abouelala, 2021; Sierżantowicz, Lewko and Jurkowska, 2020).

In conclusion, the complexity of IBS is well researched and the reasons for the heightened prevalence and severity in women is not fully understood. Nevertheless, these three main factors are believed to play a major role: Hormonal fluctuations, pain sensitivity, psychological factors. Hormonal fluctuations are a factor because women go through major hormonal changes throughout their lives as a result of menstrual cycles and menopause. These changes in hormones can affect how the gut works and make symptoms of IBS worse. Pain sensitivity is a second factor because studies show that women's pain thresholds differ from men's due to hormones, specifically testosterone. Finally, psychological factors are important as women are more likely than men to experience anxiety and depression, which can both exacerbate and cause IBS symptoms.
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