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			Abstract

			A substantial body of literature has examined the causative factors of Diabetes Mellitus, both Type 1 and Type 2. Comorbidity between diabetes and eating disorders (EDs) have been reported in studies dating back to the 1980s. A review of the literature indicates that relatively little information is available about these comorbidities, the risk factors associated with them, the mechanisms of their development, and how to treat them appropriately. This narrative review of the literature finds that there is a concerning prevalence of EDs and disturbed eating behaviours (DEBs) in the Type 1 Diabetes Mellitus population (T1DM). Type 2 Diabetes Mellitus (T2DM) seems to be associated with some EDs and not others, and there are no studies assessing the long-term outcomes and mortality in patients with T2DM and EDs. Comorbidity of EDs and diabetes can be serious and life threatening. People with both conditions often omit insulin with the intention of inducing glycosuria, increasing the risk of physiological complications such as neuropathy, nephropathy and retinopathy and early death. A greater understanding of the correlations between comorbid diabetes and EDs should lead to better treatments. We note the potential emergence of these concurrent conditions in Australian indigenous populations. Other areas for future research are also highlighted.
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			Introduction

			Eating disorders (EDs) are complex mental health concerns, characterised by abnormal eating behaviours and weight disturbances. Diabetes Mellitus is a metabolic disorder, which occurs in two types. Type 1 Diabetes Mellitus (T1DM) is an autoimmune disease in which the pancreas fails to produce enough insulin, and Type 2 Diabetes Mellitus (T2DM) occurs as a result of insulin resistance, often caused by lifestyle factors such as a sedentary lifestyle and obesity. Physiological consequences that may arise due to diabetes include retinopathy and neuropathy [1-3]. Importantly a diagnosis of diabetes is also associated with increased risk of developing psychological disorders such as anxiety and depression [2,4,5]. Comorbidity between diabetes of both types and EDs have been reported in studies dating back to the 1980s, with one study showing women with T1DM were 2.4 times more likely to develop an eating disorder than women without diabetes [6]. Evidence to date suggests that Type 1 

Diabetes is more likely to precede the onset of restrictive EDs, namely Anorexia Nervosa (AN), or Avoidant Restrictive Food Intake Disorder (ARFID) [6].

			Comparatively little research has been conducted into the link between EDs and T2DM. However, there is increasing evidence to suggest that Binge Eating Disorder (BED) is more prevalent in those with T2DM than those without, and that between 10 to 40% of patients with T2DM meet the diagnostic criteria for an eating disorder [7-9]. EDs that are associated with ‘overeating’ and subsequent weight gain - BED, Night Eating Syndrome (NES) and Bulimia Nervosa (BN) - may precede the development of T2DM although to date there are no longitudinal studies examining this directly. 

			The current global burden of disease associated with EDs and diabetes and is substantial. According to the Global Report on Diabetes, published by the World Health Organisation, 422 million adults lived with diabetes in 2014, doubling the global prevalence since 1980 [10]. Globally in 2012, diabetes caused 1.5 million deaths, and high blood sugars caused an additional 2.2 million deaths [11,12]. In 2013, 1.9 million Disability Adjusted Life Years (DALYs) related to EDs [13]. With increasing instances of comorbid diabetes and EDs, the global burden of health will continue to rise unless progress is made in diagnosing, treating and reducing incidences of these conditions. 

			We discuss the prevalence of EDs comorbid with T1DM and T2DM, and examine risk factors for the development of, and barriers to recovery from, these comorbid diseases. We also assess current treatment options and areas for future research. 

			T1DM and Eating Disorders 

			The prevalence of EDs, and DEBs in the diabetic population is concerning. A 2015 study examining people with T1DM over 14 years indicated that the average age of onset for an eating disorder in this cohort was 18.3 years. By the age of 23, 79% of the sample displayed DEBs and by 25 years old, 60% of female patients with T1DM experienced an eating disorder [14]. The average duration of the eating disorder in those with T1DM was 4.3 years, and the average time between the onset of DEBs and their remission was 6 years [14]. The incidence of DEBs and EDs continued to increase over the 14-year period of the study [14]. Two additional recent studies have reported that between 11.7% and 20% of males suffering with T1DM displayed DEBs, however, were not given a full eating disorder diagnosis. These males reported less body dissatisfaction than their female diabetic counterparts, but a higher drive for thinness when compared to their male non-diabetic peers [15,16]. This is an area that requires further research, as the prevalence of EDs in the male non-diabetic population continues to rise. 

			It has been repeatedly reported that T1DM can precede the development of an eating disorder [3,6]. Whilst the reason for this is likely multifactorial, a major contributor is that psychosocial factors that contribute to the development of EDs - including weight concerns, comorbid mental health conditions, and social pressures from peers - are all exacerbated by a diagnosis of T1DM in young adolescence [3]. Commonly the pathogenesis for the development of an ED in a person with T1DM involves the young person intentionally restricting their insulin for the purpose of inducing glycosuria as a means of purging calories through their urine [1,17,18]. This dangerous behaviour causes the body’s muscle and fat stores to be broken down to produce energy, releasing ketone bodies and resulting in a shift in pH balance in the body, known as diabetic ketoacidosis [15]. This set of behaviours is often preceded by body dissatisfaction caused by weight gain that frequently results from insulin administration. Dietary restriction, a normalised approach to treating T1DM is theorised to also contribute to the development of Disturbed Eating Behaviours (DEBs). 

			Although DEBs may appear less severe than a diagnosable eating disorder, it has been noted that their duration is longer [17], and this is possibly due to the fact that they are more likely to be unidentified in a clinical setting, and therefore be left untreated. If clinicians are not aware of and do not address DEBs and insulin misuse, numerous unfavourable hyperglycaemia induced consequences may arise including microvascular, neuropathic and retinopathic conditions [17]. Prolonged insulin restriction and subsequent malnutrition also leads to physiological complications commonly seen in patients with EDs- osteoporosis, heart conditions, fertility problems, renal complications, electrolyte abnormalities and gastrointestinal disturbances [19,20]. 

			T2DM and Eating Disorders 

			T2DM appears to be associated with some eating disorder diagnoses and not others. A number of studies have shown that that people with a diagnosis of BN and BED are at increased risk of developing T2DM. One study conducted over 16 years showed an increased risk of T2DM in patients suffering from BED and BN. It was found that by the end of the 16-year period, one- third of patients who began the study with BED had developed T2DM. Another study indicated that nearly 90% of patients suffering with both T2DM and EDs develop the eating disorder prior to their diabetes diagnosis [21]. Further, that those with T2DM would restrict oral medications intentionally for weight control purposes, increasing their risk of long-term physiological complications [9]. Importantly, the risk of developing T2DM in patients suffering with BN decreased as they received treatment for their eating disorder [9]. There is no research to date to suggest a correlation between restrictive type EDs, such as AN and ARFID, and T2DM. Also, of concern is the higher incidence of subclinical binge eating in T2DM, which studies suggest affects between 7-20% of adults [7,22]. As DEBs, such as subclinical binge eating, are associated with poor metabolic control, early interventions for individuals presenting with DEBs are necessary to slow or prevent the development of diabetes related physical complications.

			Mortality in Patients with T1DM and Eating Disorder Behaviours

			It has been repeatedly demonstrated that insulin restriction worsens diabetes related complications and increases the chances of early death [2]. Over an 11-year study period, it was found that prolonged insulin restriction tripled the risk of patient death and lowered the age of death [2]. A study examining concurrent anorexia nervosa (AN) and T1DM found an alarming increase in the mortality rate in this group; those who suffered with comorbid T1DM and AN was 34.8%, compared to 2.5% in those who suffered with only T1DM and 6.5% in AN patients [23]. This study did not provide insight into the full extent of mortality for comorbid EDs and T1DM as it was limited to an eating disorder diagnosis of AN with T1DM, and AN only represents a small proportion of eating disorder cases. 

			Mortality in patients with T2DM and eating disorder behaviours

			No research was found that assessed mortality in patients with T2DM and EDs.

			Risk factors for the development of eating disorders in individuals with T1DM

			There are several identified risk factors for the development of EDs in patients with T1DM.

			Rapid weight gain in patients following the commencement of insulin therapies may cause psychological distress in patients, reducing self-esteem and contributing to poor body image [24]. By inference, the current treatments for T1DM may inadvertently be contributing to an increased incidence of concurrent EDs since insulin administration often results in weight gain in those with T1DM and T2DM. Suggested means of reducing insulin-related weight gain, such as increasing exercise and restricting particular foods from the diet, are impractical and counter-productive in treating eating disorder patients as these often form part of the core symptoms of the eating disorder and encouraging an increase in these could increase the intensity of the illness, therefore other treatments for reducing insulin-related weight gain are needed. Heightened focus on meal plans, and dietary restrictions associated with treating T1DM, may also be contributing to an increased incidence of concurrent EDs and T1DM, since these treatment methods can produce an unhealthy focus and obsession with food, diet and weight in patients with diabetes. Whether this could trigger EDs deserves investigation; we could find no studies directly examining the contribution of treatments for T1DM on onset for an ED. It certainly makes the detection of EDs more difficult since rigidity and preoccupation with food in individuals with diabetes is common and even encouraged [25]. 

			Concurrent mental health conditions such as depression and anxiety are also common in young patients with diabetes [26-28] – as they are in patients with EDs [29-31] - and can have a considerable impact on eating patterns and patient appetite. It has been consistently reported that there are higher rates of depression and anxiety in those with T1DM, and EDs are associated with high rates of psychiatric comorbidities [4]. Anxiety is commonly experienced in those who are newly diagnosed with T1DM as adults and may precede the development of an eating disorder [32]. Furthermore, insulin restriction in patients with T1DM has been reported to be used by some as a self-harming behaviour [33], highlighting the fact that patients are aware of the physical consequences of insulin omission and restriction. Self-management of T1DM may be compromised in patients who are suffering from depression, anxiety and EDs, and therefore may require intense treatment [32]. If other mental health issues, such as depression and anxiety precede eating disorder development, treating these other mental health conditions may reduce onset of DEBs, and subsequent eating disorder development.

			The age at which a patient is diagnosed with T1DM may also play a role in the development and severity of EDs. Takii and colleagues found that female patients who were diagnosed with T1DM between the ages of 7 and 18 were at significantly higher risk of developing an eating disorder [3]. Another study conducted in 2015 found that the average age that women were diagnosed with diabetes was 11.9 years old, and the average time between diabetes diagnosis and eating disorder development was 4.76 years [4]. Patients who are diagnosed with T1DM prior to the onset of puberty may be less likely to develop an eating disorder, however the reasoning for this is currently unknown. It has been hypothesised that a diagnosis of diabetes during puberty increases the risk of eating disorder development, as these young adolescents are already facing substantial hormonal, physical and psychosocial changes [3]. 

			Risk Factors for the Development of T2DM in Individuals with Eating Disorders 

			It is currently understood that BED and BN may precede development of T2DM [9], at least in certain age groups, and consequently it is important to understand the psychological risk and maintenance factors involved in BED and BN, so that these illnesses can be treated before T2DM develops. Risk factors pertaining to BN and BED development include depressed mood and generalised anxiety [34], rigid and obsessive thinking patterns, family dysfunction, and body dissatisfaction [35]. Dissociative behaviours during a period of binge eating in patients with BN have been described as protective coping mechanism from emotional distress [36]. This dissociative “immersion” needs to be assessed in patients with BED during a bingeing period [36]. Both BED and BN are characterised by the consumption of large amounts of food in a short period of time, resulting over time in weight gain. In BN the excess caloric intake consumed during a binge eating episode is offset, at least in part, by compensatory behaviours that mark the illness: purging, excessive exercise, restrictive caloric periods and laxative abuse [37]. In BED there is little or no compensation following a period of binge eating, and as a result weight gain is more likely. As such, it has been reported that patients with BED have significantly higher BMIs than patients with BN [37]. 

			Although it is understood that binge eating and obesity are associated with developing T2DM, the potential impact of other eating disorder behaviours such as restrictive eating and disturbed eating patterns on increased risk of developing T2DM have had almost no investigation. One study assessing the association between eating patterns and T2DM development, found that frequently skipping breakfast was associated with a 50% higher risk of developing T2DM [38]. This study included only men aged 40-75 years old. An opportunity exists to replicate this study in different age and gender populations, and particularly in populations more susceptible to EDs.

			It has been reported that the average age of women and men with BN and T2DM is 38 and 44.7 years respectively, and the average age for women and men with BED is approximately 41.2 and 46.2 years respectively. One study examining binge eating and weight loss in overweight patients with T2DM showed that older patients aged between 45 and 76 years old reported low incidences of binge eating behaviours [39]. There is a high association with anxiety and depression in individuals with T2DM, with the prevalence of depression in those with diabetes being higher than in the general population [40]. The cause for the correlation between depression and diabetes is unknown, however it has been hypothesised that mental distress, depression and anxiety are a result of the strain of living with a chronic condition [25], and is a response to the physiological effects of living with T2DM [26]. Several studies have also indicated that depression may precede the development of T2DM [24], as many common symptoms of depression - sedentary lifestyle, smoking, and metabolic disturbances brought about by depression are also risk factors in the development of T2DM [26]. As both depression and EDs can precede diabetes development, it is important that patients who are suffering with these comorbid psychiatric conditions are screened for poor metabolic control. The clinical implication of concurrent depression, EDs and T2DM may be poor adherence to recommended treatments [25]. 

			Mechanisms for the Development of Eating Disorders in Patients with T1DM 

			Undiagnosed T1DM can result in rapid, uncontrolled weight loss in patients, often met with praise and encouragement from family and friends of patients [41]. Once diagnosed with T1DM and treated with insulin, patients often gain weight, resulting in emotional distress in the individual, and attracting a negative response from the individual’s peers, who had previously praised their weight loss [41]. Individuals who have been recently diagnosed with T1DM report feelings of not belonging, loss of control [41], and shame [24]. This emotional distress, coupled with body dissatisfaction, perfectionistic traits and over- evaluation of eating and food [42] can lead to individuals restricting insulin, and engaging in other maladaptive behaviours, such as restrictive eating, binging and purging [34,35]. 

			Possible Mechanisms for Concurrent T2DM and Eating Disorders 

			Currently there is no certainty around the mechanisms for the development of T2DM in patients suffering from EDs. What we do know is that previously discussed risk factors such as dysregulated mood, rigid and obsessive thinking patterns, family dysfunction and body dissatisfaction may contribute to BED and BN development [34,35]. When binge eating is used as a coping mechanism, for many people [37] substantial weight gain may follow, resulting in obesity and eventually T2DM development. If treated with insulin, a patient with T2DM may gain additional weight [15]. This unwanted and uncontrolled weight gain can cause higher levels of distress in individuals, leading them to omit or restrict their insulin intake [43]. Individuals may also engage in periods of food and insulin restriction followed by binge eating and insulin overdosing. Consequences of these actions include higher mortality rates, and retinopathy and neurological, kidney and microvascular complications. These aspects of concurrent T2DM and EDs require further research.

			Identified Barriers to Recovery in Patients with T1DM

			Patients suffering from comorbid EDs and diabetes do not respond positively to standard eating disorder treatments, showing lower rates of limited and complete recovery than eating disorder patients without Diabetes Mellitus [44]. One study showed that, in women with T1DM, 71% of women with DEBs experienced recurrence of behaviours after remission. Amongst those with diagnosed EDs, 60% experienced a recurrence of their eating disorder after remission [19]. Whilst there remains no definitive explanation for the poor outcomes and recurrence of EDs and DEBs, the role of social identity in recovery has been considered. Currently, patients with diabetes who restrict insulin for weight loss use the term ‘Diabulimia’ to describe their condition, however it is not a clinically recognised diagnosis. The term ‘Diabulimia’ is unfamiliar to many clinicians and medical professionals, and patients report that because of this, clinicians lacked empathy when treating them [44] and perhaps the specific skillset to target the two illness groups together. Consistently, clinicians have reported difficulties in treating the comorbid conditions, citing a lack of education and training on treating the dual diagnosis, patient resistance to treatment, and uncertainty regarding when insulin misuse becomes a disordered behaviour as major barriers to their ability to appropriately treat patients [45,46]. Without a formal diagnosis and sense of social identity, individuals with diabetes and concurrent EDs report not feeling supported by clinicians, and lack a sense of acceptance and validation from their non-diabetic peers [44], as well as a lack of formal treatment guidelines for clinicians to follow [46]. One possible inference may be that, without a formal diagnosis specific to comorbid EDs and diabetes, sustained recovery is lower and clinical outcomes will continue to be poor. 

			Identified Barriers to Recovery in Patients with T2DM

			Treating comorbid T2DM and EDs is difficult. Often eating disorder treatments involve weight restoration and nutritional rehabilitation as the first line of treatment; however, patients with BED and T2DM may be clinically obese, with weight reduction a clinical objective. T2DM symptoms are often better managed once the patient reduces their weight [47], however encouraging weight reduction may hinder eating disorder recovery. BED is a relatively newly recognised illness, only being acknowledged by the Diagnostic and Statistical Manual of Mental Disorders, 5th edition (DSM-V), and therefore may be unfamiliar to many clinicians who have experience treating AN and BN. BED is associated with other concurrent psychiatric disorders such as personality and affective disorders [48], which may complicate treatment of BED and T2DM. 

			An Additional Australian Problem: Comorbid Eating Disorders and Diabetes in Indigenous Communities 

			The rates of diabetes in indigenous Australian populations are 6 times higher than those of other Australians [49], and one study has demonstrated that 46% of indigenous youths in Northern Australia were overweight or obese [50]. Only a handful of studies have been conducted into eating disorder patterns and body image disturbances in indigenous populations. In 2005 it was found that indigenous Australian adolescents engaged in more strategies to lose weight when exposed to media images [51]. In indigenous communities in Australia, suicide and self-harm are a substantial issue, with suicide rates among indigenous people in the Kimberly region being some of the highest globally [52]. Of concern is that increasing Internet and media exposure will expose indigenous youth with diabetes to insulin restriction as a means of self-harm and as a strategy for altering their bodies. It has been suggested by McCabe and colleagues that media exposure of indigenous youth increased body dissatisfaction, prompting participation in strategies to alter their bodies [51]. It has also been suggested that urbanisation of rural areas has increased the risk of eating disorder development in young women [53]. Although previously indigenous youth were exposed to comparatively fewer media influences than their non-indigenous counterparts, when they were exposed, they responded more negatively. Due to the fact that body image concerns are present in indigenous communities, and disturbed eating patterns are equal to, if not more prevalent in indigenous populations when compared to non-indigenous populations [54], there is potential for a rise in EDs, especially comorbid with T2DM. 

			Approaching Treatment of Comorbid Eating Disorders and Diabetes 

			Recommended treatment for a comorbid eating disorder and diabetes is multidisciplinary including a psychologist, potentially psychiatrist, a dietician and an endocrinologist. Challenges arise when treating these comorbid conditions, as both T1DM and T2DM require different interventions, as do different EDs. Standard methods used for assessing and diagnosing EDs, such as The Eating Disorder Examination Questionnaire (EDE-Q), may not be sufficient for assessing an eating disorder in the context of diabetes. The EDE-Q and other validated instruments make no mention of behaviours such as insulin restriction, a characteristic feature of individuals with T1DM and T2DM, in particular in the presence of an eating disorder. As a result, this dangerous behaviour may remain undetected in individuals with diabetes who also suffer from EDs. The introduction of several screening tools - the Eating Problems Survey – Revised (DEPS-R), Screen for Early Eating Disorder Signs (SEEDS), and mSCOFF have created means for clinicians to enquire about disordered behaviours in diabetic individuals. These questionnaires, whilst useful in identifying behavioural risk factors, make direct mention of DEBs such as insulin restriction, and as such may actually introduce the young person being screened to DEBs that they had not previously considered, having a counterintuitive effect. 

			Nutritional rehabilitation is often the first, and most critical, step in eating disorder treatment. Together with nutritional rehabilitation, in patients with diabetes it is important to restore metabolic control to reduce the risk of diabetes related physical complications. There are few clinicians with expertise in treating both diabetes and EDs. A DSM recognised diagnosis of EDs comorbid with Diabetes Mellitus (‘Diabulimia’) may help sufferers to feel a sense of social identity and will expose and familiarise clinicians with the condition. The requirement for clinicians working either with patients with either EDs or diabetes to obtain training to aid in the screening and recognition of both illnesses will help in early detection and intervention. 

			Directions for Future Research 

			A number of opportunities for future research concerning comorbid EDs and Diabetes Mellitus have been identified in this paper. These include:

			
					Developing a better understanding of the links between EDs and T2DM and establishing the mechanisms that underpin the development of T2DM in patients with BED, BN, and other EDs. A testable model for the development of T2DM in patients with EDs has not yet been established and would assist both clinicians and patients to understand the underlying mechanisms of these concurrent disorders. Given the global growth in Diabetes Mellitus this should be a high priority.

					Currently there is no research that assesses mortality in patients with T2DM and EDs. More quantitative data relating to insulin restriction or complete omission is required to assess mortality and morbidity in patients with Diabetes Mellitus and EDs, especially in those suffering with T2DM. 

					It has been implied that the current treatments for T1DM and T2DM, including the strict focus on food and meal plans, and strict dietary restrictions may be leading to an unhealthy focus on food in patients, and therefore may be contributing to incidences of EDs in those with T1DM and T2DM. In addition, weight gain caused by insulin is a frequent cause of distress in patients with Diabetes Mellitus. Introducing insulin analogues as a first line of treatment for Diabetes Mellitus in patients with EDs, in place of Neutral Protamine Hagedorn (NPH) insulin, may be considered as a treatment option that removes this cause of distress. 

					Only one study was found that assessed the impact of the age on T1DM diagnosis and the development and severity of EDs. Further research is required to establish whether age is a risk factor in those with T1DM, and whether a T1DM diagnosis in early childhood reduces the chances of eating disorder development. As BED is more common in older populations, an understanding of whether BED, BN and comorbid T2DM is also needed.

					Understanding poor outcomes in patients with EDs and diabetes is necessary, as currently there are high rates of recurrence in these patients. Further research into the correlations between social identity and poor adherence to treatment are necessary to improve patient outcomes.

					Australia rural and indigenous populations show higher levels of obesity and diabetes, and therefore may be at higher risk for developing EDs. An enhanced understanding of the concurrence of EDs and Diabetes Mellitus in Australian indigenous communities is needed, as well as understanding the links between body image, self-harm and these conditions, as well as whether diabetes-related distress is a common trigger for insulin restriction in these communities. Conclusions 
Individuals with Type 1 diabetes are highly susceptible to developing EDs, and those with BED and BN are at risk of developing Type 2 Diabetes. Insulin omission is a common, dangerous behaviour, which increases the risk of diabetes related complications. The strategies currently used to manage T1DM may be inadvertently contributing to DEBs and EDs, as well as making detection of EDs difficult. Measures need to be taken to ensure that patients with diabetes are screened for disturbed eating behaviours, and clinicians need to be trained to treat comorbid EDs and diabetes. Further research is required to establish prevalence of EDs in indigenous communities, and to establish better treatments in order to improve patient outcomes. 
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