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Abstract
Eating disorders (ED) are characterized by a persistent disturbance of eating that impairs health or psychosocial functioning. They are associated with increased rates of medical complications and mortality. Insulin omission is a unique purging behavior available to individuals with type 1 diabetes mellitus (T1DM). The standard treatment regimen for T1DM requires a major focus on food and eating patterns. Moreover, intensive insulin therapy is associated with increasing body weight. These factors, combined with the psychological burden of chronic disease management and depression, may contribute to ED. The comorbidity of ED in T1DM patients is associated with poorer glycemic control and consequently higher rates of diabetes complications. Early recognition and adequate treatment of ED in T1DM is essential.
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Core tip: Intentional insulin omission for the purpose of preventing weight gain is a unique behavior available to individuals with type 1 diabetes mellitus (T1DM). It is classified as either an inappropriate compensatory feature of bulimia nervosa or as a purging disorder component of other specified feeding or eating disorder (ED). Its prevalence increases with age, affecting up to 40% of young adult females with T1DM. The comorbid of ED in T1DM patients is associated with higher rates of short and long-term diabetes complications. A high index of suspicion is needed since ED behaviors are often well hidden and denied. Treatment involves a complex interplay of psychosocial, dietary and medical aspects and requires a multidisciplinary team.
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DEFINITIONS OF EATING DISORDERS

Eating disorders (ED) are characterized by a persistent disturbance of eating that impairs health or psychosocial functioning[1,2]. Based upon the fifth edition of the American Psychiatric Association’s Diagnostic and Statistical Manual of Mental Disorders (DSM-Ⅴ), which was released in May 2013, ED are divided into eight mutually exclusive categories[3]. These categories are based upon observed symptoms and include anorexia nervosa (AN), bulimia nervosa (BN), binge eating disorder, avoidant/restrictive food intake disorder, pica, rumination disorder, other specified feeding or eating disorder (OSFED) and unspecified feeding or eating disorder. Some diagnoses include a dimensional component that enables clinicians to specify the severity of illness[4-6].

In patients with type 1 diabetes mellitus (T1DM), intentional insulin omission or reduction for the purpose of preventing weight gain is recognized as either an inappropriate compensatory feature of bulimia nervosa or as a purging disorder, a component of OSFED. The latter is relevant when the recurrent purging behavior to influence weight or shape (e.g., insulin omission) occurs in the absence of binge eating.

The two categories: “eating disorders not otherwise specified (EDNOS)” and “disturbed eating behavior (DEB)”, compromised a wide spectrum of eating disorder pathologies, at a frequency or severity that does not merit a formal ED diagnosis. Though these categories are not included in DSM-Ⅴ, they appear in the current review, due to their use by several studies involving individuals with diabetes. 

ARE ADOLESCENTS WITH T1DM AT INCREASED RISK TO DEVELOP ED?

This question should be answered for the specific ED studied, according to the tools used for assessment and the prevalence rates in the general population. 

Diagnostic tools of ED in persons with T1DM

The diagnosis of ED in individuals with T1DM is difficult, since eating behaviors are often well hidden and denied. The use of different questionnaires for assessing prevalence rates of ED makes comparisons across studies difficult. Furthermore, as Markowitz et al[7] pointed out, that general diagnostic questionnaires for detecting ED are not appropriate for individuals with T1DM for two main reasons. Firstly, these questionnaires do not identify eating disorder behaviors that are unique to T1DM, such as insulin omission[7]. Secondly, such questionnaires may inflate the prevalence of eating problems in those with T1DM, because behaviors that are considered disturbed, such as particular concern about diet, reduced intake of certain food groups, and eating when not hungry, are integral to diabetes care[8].

Prevalence rates of ED among persons with T1DM 

Prevalence rates of ED among persons with TIDM vary according to the different ED categories and the populations studied. Some studies examined prevalence rates of AN and BN only, while others examined the prevalence of insulin omission only, and some reported the prevalence of a combination of all ED together. Some studies reported the prevalence of full-threshold diagnoses of ED, whereas others also included subclinical ED. Reported prevalence rates differ also according to characteristics of the study populations, such as age range, and whether males were included or only females.

Prevalence of AN: A meta-analysis of controlled studies that defined ED in females according to DSM Ⅲ-R or DSM Ⅳ criteria reported the prevalence of AN in T1DM subjects was not significantly different from that of controls[9].

Prevalence of BN: This same meta-analysis showed a significantly higher prevalence of BN among the females with T1DM than those without diabetes[9].


Overall prevalence of AN, BN and EDNOS: In a recently published meta-analysis[10] of six studies of adolescents[11-16], 7.0% of the 825 individuals with T1DM had ED, compared with 2.8% of the 2282 individuals without T1DM.

Prevalence of DEB: In a meta-analysis[10] of five studies[11,15-18], a higher proportion of adolescents with T1DM than without T1DM were classified as having DEB (39.3% vs 32.5%). The prevalence rate of DEB increased significantly with weight and age, from 7.2% in the underweight group to 32.7% in the obese group, and from 8.1% in the youngest age-group (11-13 years) to 38.1% in the oldest age-group (17-19 years)[19].

Prevalence of insulin omission in T1DM: Insulin omission is a unique purging behavior available to individuals with T1DM. As presented in Table 1, insulin omission for weight loss is identified mainly in females; its prevalence increases with age, affecting up to 40% of young adult females with T1DM.  
PREDISPOSING FACTORS FOR DEVELOPING ED

We suggest a three level model to describe the development of disturbed eating in adolescents with T1DM. This model comprises a hierarchically arranged continuum of potential effects on health problems (Figure 1). The first circle in the model, the premorbid status, includes a tendency to overweight, and factors relating to personality and family characteristics and dynamics. The second circle comprises factors arising at diagnosis of diabetes, such as the age of diabetes onset and satisfaction from weight loss. The third circle comprises factors associated with the chronic management of diabetes, such as recurrent hypoglycemic episodes, strict insulin treatment and carbohydrate counting. 

FIRST CIRCLE - PREMORBID FACTORS

Increased body weight and a tendency to gain weight 

It has been suggested that the single question “Have you ever been overweight?” may be sufficient to screen for those with T1DM who are at a high risk for disordered eating attitudes/behaviors[20]. Indeed, adolescent girls with T1DM who reported ever being overweight endorsed more disordered eating attitudes and behaviors[21]. In addition, a higher body mass index percentile among teenagers and adults with T1DM, particularly among females, one to two years prior to the onset of ED, was found to be associated with disordered eating[22]. Furthermore, youth at risk for disordered eating have been shown to have poorer diet quality, including a higher intake of total fat and saturated fat[23]. 

Low self-esteem and body dissatisfaction 

Higher levels of weight dissatisfaction tended to be associated with unhealthy weight control/disordered eating among adolescent females[24]. Low self-esteem predicts eating disturbances in the general population. Lower self-esteem was associated with disturbed eating behavior in girls with T1DM[25]. Of note, low self-esteem and body dissatisfaction could also arise along the course of the disease. In a longitudinal study the development of DEB in girls with T1DM, was predicted by lower self-esteem related to physical appearance, and lower global self-esteem[26].

Personality characteristics

Perfectionism has been associated with attitudinal aspects of eating disorders such as weight preoccupation. Borderline personality characteristics were related to insulin omission[27]. Adolescent girls with T1DM and an ED showed deficits in self-regulation and narcissistic gain from illness[28], and tended to blame themselves for the situation[29].

Comparing adolescents with ED and adolescents with T1DM and ED, those with T1DM were less pathologically compromised, scored lower on several affective areas and had a lower prevalence of depression and anxiety[30].

Family characteristics and dynamics 

Several factors involving family characteristics and dynamics are associated with an increased risk for ED. Firstly, in many families of adolescent girls with T1DM, interactions within the family center around food and weight. The prevalence of ED was found to be higher in families in which parents tended to make negative comments about eating or weight[31]. Secondly, mothers who engaged in dieting and binge-eating themselves were more likely to have daughters with disturbed eating behavior. Maternal weight and shape concerns and impaired mother-daughter relationships significantly predicted eating disturbances in girls with T1DM, accounting for 57% of the variance[32]. Finally, family dysfunctioning has been identified as an important risk factor for eating disorders among the general population. Specifically, among girls with T1DM, less support from, poorer communication with, and less trust in their relationships with their parents, were reported among those with eating disturbances than among those without[33]. Families of girls with ED more often reported having infrequent family meals than did families without ED[34].

SECOND CIRCLE - FACTORS ASSOCIATED WITH DISEASE ONSET

Age of diabetes onset

The age of onset of T1DM that is most closely related to the subsequent development of a severe eating disorder such as AN and BN was studied in 53 women with ED compared with 49 with T1DM with T1DM who had no eating disorder - related problem[35]. It was demonstrated that for diabetes onset age between 7 to 18 years, the density of the “eating disorder” group was higher, but for the younger and older onset ages the densities were lower. Thus the development of T1DM in preadolescence or adolescence seems to place girls at risk for the subsequent development of AN or BN. Similarly, frequent insulin reduction or omission was reported in type 1 diabetic patients with later disease onset (mean age at onset between 8 and about 17 years)[36]. It was suggested that later age at diabetes onset, in particular during pubertal age with hormonal changes and gain in weight and fat mass may be associated with a greater risk for ED especially in female patients.

Weight issues
The cycle of weight loss at disease onset and subsequent weight gain with the initiation of insulin treatment is a risk factor for the development of ED in susceptible patients[11].

THIRD CIRCLE - FACTORS ASSOCIATED WITH THE CHRONIC MANAGEMENT OF DIABETES

Intensive insulin treatment

Intensive insulin treatment conveys an increased risk of weight gain[37]. A model of disordered eating and T1DM proposed by Goebel-Fabbri et al[38,39] suggests that the increased weight gain causes negative feelings. Fear of further weight gain can lead to insulin restriction for caloric purging or weight regulation[40].

Dietary restraint

Diabetes management imposes dietary restraint. This may lead to the yearning and craving of “forbidden foods”, and result in binging, without administration of the appropriate insulin dose[41].

Hypoglycemic episodes

The delicate balance between dietary regimen, insulin and exercise that is integral to T1DM management can result in recurrent hypoglycemic episodes. Hypoglycemia is accompanied by intense hunger and by eating sweetened foods and drinks that are normally forbidden. Patients may subsequently feel guilty about consuming these foods and restrict eating, which may result in yet another hypoglycemic episode. This vicious cycle of dietary restriction, over-eating and guilt is similar to that experienced by individuals with bulimia[42]. 

Chronic disease and depression 

The risk of significant depressive symptoms in individuals with T1DM has been assessed as about double that of the general population[43]. Depression may increase the susceptibility for developing disturbed eating behavior. Indeed, among girls with T1DM, those diagnosed with depression scored higher on the Eating Disorder Examination than did those without depression; 75% and 45%, respectively[44]. Furthermore, anxiety disorders and eating disorders co-occur in the general population, and 21% of children and adolescents with T1DM were reported to screen positively for anxiety[45]. 
CLINICAL SIGNS OF ED AMONG INDIVIDUALS WITH T1DM

The diagnosis of subclinical or clinical eating disorders in individuals with T1DM is not easily established. Due to the frequent concealment and denial of eating disorder behaviors, a high index of suspicion is needed. In addition to the predisposing characteristics described above, a number of clinical signs should alert health care providers to the possibility of ED. 

Poor glycemic control 

Among females with T1DM, mean HbA1c levels were shown to be significantly higher in those with disturbed eating than among those with non-disturbed eating[46]. HbA1c level of patients who confessed intentional under-dosing of insulin was 9.0% ± 1.6% compared with 7.8% ± 1.2% of compliant patien[47]. Similarly, in a nationwide population-based study, conducted in Norway, a significantly higher HbA1c was documented in patients reporting insulin restriction (9.0% ± 1.7%) than in nonrestrictors (8.3% ± 1.2%)[19] In a meta-analysis, eating problems, including both DEB and ED, were found to be associated with poorer glycemic control[10]. Using a computer model of data mining, we recently showed that adolescent females with intentional insulin omission were discriminated by HbA1c > 9.2% and by more than 20% of HbA1c measurements above the 90th percentile[48].

Recurrent episodes of diabetic ketoacidosis 

Intentional insulin omission has long been recognized as a cause of recurrent episodes of recurrent episodes of diabetic ketoacidosis (DKA) in adolescents with T1DM[49]. Thus, any recurrent episode of DKA in established diabetes should arouse suspicion[50]. 
Recurrent hypoglycemic episodes 

Recurrent hypoglycemic episodes may occur among individuals with T1DM and ED, mainly among those participating in binge eating and self-induced vomiting. Deliberately inducing hypoglycemia to justify eating sweets and high carbohydrate meals were described in individuals with T1DM. Eighteen percent of a cohort of males and females with T1DM, aged 10-22 years, reported intentional overdosing of insulin[47]. The most common reason (49%) stated was the desire for uncontrolled binge eating, followed by self-destructive behavior in stressful situations.

Other characteristics and signs of ED 

Other characteristic and clinical signs of ED are: frequently missed medical appointments, refusal to be weighed, preoccupation with appearance, a tendency to vegetarianism, and the calculating of caloric values and weighing of foods. Apparently, due to the availability of insulin omission as a weight loss strategy, females with diabetes are less likely to use other unhealthy weight control behaviors like vomiting, laxatives or diuretics, and skipping meals or fasting, compared to their peers without diabetes[51].

DIAGNOSIS

Several questionnaires were developed specifically for adolescents with T1DM. The revised Diabetes Eating Problem Survey (DEPS-R) is a 16-item diabetes-specific self-report measure of disordered eating that was designed specifically to identify patients with T1DM who are at risk for early intervention for disordered eating behaviors[7]. The mSCOFF is a simple 5 item screening tool, with demonstrated reliability and validity, which can easily be used during a follow-up visit[52]. Using data mining methods, a clinical prediction model that provides a decision support system for the detection of intentional insulin omission for weight loss in adolescent females with T1DM was developed[48]. The model is based on identifying a pattern of HbA1c levels indicative of intentional insulin omission. After a period of apparently stable HbA1c levels, the onset of insulin omission is characterized by both high HbA1c levels and wide fluctuations between clinical visits. A typical example of the course of HbA1c levels in a patient who developed ED is depicted in Figure 2.

MORBIDITY AND MORTALITY
ED result in poor metabolic control and cause short and long-term complications.
Short term complications

Insulin omission is associated with recurrent events of DKA, and disturbed eating behavior is associated with recurrent episodes of severe hypoglycemia[53]. Data from the diabetes patienten verlaufsdokumentation study, including 52215 T1DM males and females aged 8 to 30 years, revealed significantly higher rates of severe hypoglycemic episodes in adolescents with AN, BN or EDNOS, than with no ED: 12.1, 18.0, 12.9 and 5.7, respectively[54]. Moreover, rates of hypoglycemia with coma, and DKA with hospitalization were higher, and the duration of hospital stay longer, among those with eating disorders[54].

Long term complications 

Long-term complications have been shown to be markedly increased among individuals with both T1DM and ED[54]. Data from the DPV study revealed that both hypertension and dyslipidemia were more common in persons with T1DM and either EDNOS or BN than in those with T1DM without ED[54].

Of T1DM patients who developed serious micro​vascular complications, 21% had a probable clinical ED, 47% had a history of DEB, and 48% had a history of insulin omission. The development of two or more serious complications was associated with the presence of a probable clinical eating disorder[55].

Different ED are associated with varying prevalence rates of morbidities. For example, data from the DPV study revealed a 2.5-fold higher risk for retinopathy in T1DM patients with BN than in those without ED. Patients with EDNOS also had a higher risk but without statistical significance, whereas those with AN had no increased risk for retinopathy[54].

The duration of ED may also affect diabetes complications. The duration of severe insulin omission was the factor most closely associated with the development of retinopathy and nephropathy in T1DM females[56].  

As seen in Table 2, higher rates of retinopathy[46] and nephropathy[57] were documented in young TIDM patients with ED than in those without ED.

Mortality

Several studies documented increased relative risk of death among patients with ED. Mortality rates per 1000 person years were reported as 2.2 in girls with T1DM, 7.3 in girls with ED and 34.6 in girls with both T1DM and an ED[58]. During an 11-year period, self-reported insulin restriction at baseline increased the relative risk of death by 3.2 times in women, mean age 45 years, mean diabetes duration 28 years; those with ED were younger when they died (aged 44 vs 58 years, P < 0.01)[57]. In a 12-year follow-up of a cohort of 14 women with T1DM and ED (12 with AN), 5 died (36%)[59]. The median age of the cohort was 37 years (range 25-46), with a median duration of diabetes of 26 years (14-33). The age of death of the 5 patients was 30 years (25-42).

PREVENTION

Promoting the understanding and awareness among healthcare providers of factors involved in the deve​lopment of ED in young vulnerable individuals with T1DM may help prevent these disorders[60]. These factors include the weight gain with the initiation of insulin treatment[11], the dietary restraint necessitated by diabetes management, and recurrent hypoglycemic episodes. Diabetes treatment should therefore afford flexibility where possible, and non-depriving approaches to eating[61]. As current clinical practice includes a focus on measuring body weight, health care professionals should be sensitive to preoccupation with body weight. Interventions aimed at increasing self-esteem and body acceptance, as well as family-based interventions aimed to improve family management of obesity and diabetes, may also help to diminish the risk of developing ED in individuals with diabetes[62]. 

Girls aged between 10 and 12 with a diagnosis of T1DM for at least 1 year, attended two group sessions, each of 4-h duration[63]. The content of the sessions targeted perfectionism, media literacy, self-esteem. The program was found to have impact on self-efficacy relating to diabetes management. As lower T1DM regimen adherence is associated with lower self-efficacy in adolescents, it was concluded that a brief interactive program had a favorable impact on protective factors for disordered eating.

Among college-age women at highest risk for an eating disorder an internet-based intervention, has successfully reduced weight/shape concerns and prevented eating disorders[64]. Specifically guided discussion group resulted in reduction in weight/shape concern. We did not find similar reports among adolescent girls with T1DM, however it is possible that online interventions may be successfully used to reduce eating disorder risk factors and preventing eating disorders in this group.

TREATMENT

Treatment of ED in patients with T1DM is challenging, especially since the clinical improvement achieved with insulin treatment is associated with weight gain. Compliance to the therapeutic regimen may therefore be poor. 

Treatment should mirror the three circle model presented above, and address the factors predisposing to the development of ED (Figure 3). 

Treating the first circle - premorbid variables

Increased body weight and a tendency to gain weight should be addressed by prudent dietary management: Since a tendency to gain weight was found to be associated with ED[22], particular attention should be given to the constellation of excess weight and preoccupation with food.  

Low self-esteem, body dissatisfaction and personality variables should be addressed by individual psychological treatment or group therapy: The concurrence of eating behavior disorder and mood disorder in patients with T1DM supports the importance of treating depression as a means of treating ED. If depression and anxiety are suspected, a psychiatric consultation is needed. Psychiatrists have a distinct role in the diabetes care of children under their care, specifically in working through issues associated with the burden of the disease[65]. The impact of anti-depressant and anti-anxiety medications on recovery from eating disorders in adolescents with T1DM has not been studied systematically.
The effect of psychoeducation on adolescents with T1DM and ED is controversial. A psychoeducation approach with six weekly group sessions was associated with reductions in dieting, in body dissatisfaction and with preoccupation with thinness and eating; the reduction in disturbed eating behaviour was maintained for at least 6 mo[66]. In another study, a six week intervention was as effective as a wait list control group[67].

Group cognitive-behavioral therapy intervention has been shown to improve glycemic control, well-being and diabetes related stress among poorly controlled adult T1DM patients[68], and among patients with T1DM and depression[69]; however, it was not studied in patients with insulin omission. 

As family dynamics may influence the development of ED[34], family education is an important component of the treatment. However, we could not find data on the impact of family intervention as a treatment modality for adolescents with T1DM and ED.
Treating the second circle - factors associated with disease onset

Current T1DM management involves carbohydrate counting, which may lead to excessive preoccupation with food and diets. The cycle of weight loss at disease onset, and subsequent weight gain with the initiation of insulin treatment, is a risk factor for the development of ED in susceptible patients[11]. Dietary treatment should focus on healthy choices and low calorie alternatives with a high satiety index. 

Treating the third circle - factors associated with the chronic management of diabetes

Intensive insulin treatment, dietary restraint, and hypoglycemic episodes should be addressed by the diabetes management team: As good metabolic control is associated with weight gain, changes in target blood glucose levels should be gradual. Setting higher than standard target blood glucose ranges (preprandial 120 to 150 mg/dL and postprandial < 200 mg/dL) may yield more benefit in the long run. In contrast, achieving excellent control may result in marked weight gain. Moreover, since low glucose target levels are associated with an increased risk of recurrent hypoglycemic episodes, which may result in additional increased calorie intake, setting higher target levels may be a better initial objective. In girls who were skipping insulin dosing at almost every meal, starting with adequate insulin injection at a single meal is sometimes helpful as a first step. Caregivers should be aware that patients often switch from one disturbed behavior to another, ie from insulin omission to restrictive eating or binge eating; thus, a prescribed diet should be flexible.
Treatment with an insulin pump was postulated as a means of enabling better physiological insulin delivery to adolescents with T1DM than achieved with multiple daily injections. Patients with insulin pumps require less insulin and thus gain less weight. Furthermore, the occurrence of hypoglycemic episodes is decreased, and thus the need to consume extra calories. A recently published multicenter study demonstrated a decrease in disturbed eating behaviors, as assessed by the DEPS-R, in youth with T1DM, 6 mo after pump initiation[70]. Moreover, among adolescent girls with T1DM and ED, the mean HbA1c level was significantly lower in those who were treated by insulin pumps than in those who were treated with multiple daily injections (9.07% ± 1.33% vs 10.40% ± 2.01%; P = 0.04)[71].

Failure of outpatient treatment, the presence of a severe psychopathological state and poor glycemic control are key elements in the decision for hospi​talization. Information is limited regarding the long-term outcomes of hospitalized adolescents with ED. Significantly lower levels of HbA1c and lower psychological test scores related to eating disorder psychopathology, depressiveness and anxiety were reported for 9 patients who were hospitalized, compared to 10 who were not[72]. At 3-year follow-up, 78% of the hospitalized patients in that study no longer fulfilled any criteria for clinical or subclinical ED.  

Thus, treatment of ED in individuals with T1DM involves a complex interplay of psychosocial, dietary and medical aspects and requires a multidisciplinary team. It is important to realize that adolescents with T1DM and ED tend to have lower motivation to change their eating habits[73]. Furthermore, they are characterized by giving up easily when confronted with frustration and with low levels of accomplishment. These personality characteristics may explain the high dropout rate from therapy (79%) among patients with T1DM and ED[73].

CONCLUSION
Deliberate insulin omission as a weight loss strategy is recognized as either an inappropriate compensatory feature of bulimia nervosa or as a purging disorder, a component of OSFED. About one-third of individuals with T1DM intentionally omit insulin. Diagnosis of eating disorders in individuals with T1DM is difficult, since eating disorder behaviors are often well hidden. Weight loss that is related to deteriorated glycemic control and recurrent DKA should raise suspicion. Early diagnosis is essential, as the combination of eating disorders and diabetes is associated with increased morbidity and mortality. 
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Figure 1  Three level models describing the development of eating disorders in adolescents with type 1 diabetes mellitus. The outer circle delineates the premorbid status. The middle circle delineates weight changes at diagnosis and with initiation of treatment. The inner circle includes factors associated with the management of T1DM that predispose to eating disorders. Dashed arrows imply that the specific factor extends on all levels. T1DM: Type 1 diabetes mellitus; BMI: Body mass index.

[image: image2.png]HbALC (%)

2

4 6 8 10 1214 16 18 20 22 24 26 28 30
Age (vr)




Figure 2  Typical example of the course of HbA1c levels in a patient, with intentional insulin omission for weight loss, plotted on the HbA1c percentile reference curves. HbA1c levels were around the 10th percentile from age 10 to 14 years. From age 18 the pattern changed and was characterized by sharp increases to levels above the 90th percentile, sharp decreases and multiple measurements above the 90th percentile.
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Figure 3  Three level models describing treatment modalities of eating disorders in adolescents with type 1 diabetes mellitus. The outer circle addresses treatment for premorbid variables. The middle circle delineates. The inner circle includes factors associated with the management of T1DM that predispose to eating disorders. T1DM: Type 1 diabetes mellitus.
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Table 2  Prevalence rates of retinopathy and nephropathy among type 1 diabetes mellitus patients with eating disorders


Complication


�
Average T1DM 


duration (yr)�
T1DM patients with 


severe ED (%)�
T1DM patients with 


moderate ED (%)�
T1DM patients 


without ED (%)�
�
Retinopathy[46]


�
11 ± 4 


�
86


�
42


�
24


�
�
Nephropathy[46]


�
11 ± 4 


�
43


�
20


�
18


�
�
Nephropathy[57]


�
28


�
25


�
�
10


�
�
Foot problems[57]


�
28


�
25


�
�
12


�
�
ED: Eating disorders; T1DM: Type 1 diabetes mellitus.





Table 1  Prevalence rates of insulin omission according to age range and gender


Prevalence of 


insulin omission (%)�
Age range 


(yr)�
Number 


and sex�
Ref.


�
�
2


�
  9-13


�
101 females


�
Colton et al[12]


�
�
26.2


4.5�
11-19


�
390 females


380 males�
Wisting et al[19]


�
�
11


�
12-19


�
361 females


�
Jones et al[11]


�
�
14


�
12–19


�
356 females


�
Rodin et al[61]


�
�
10


1�
12-21


�
70 females


73 males�
Neumark-Sztainer et al[24]


�
�
34


�
16-22


�
91 females


�
Rydall et al[46]


�
�
40


�
18-30


�
59 females


�
Stancin et al[74]


�
�
11


0�
12-56


�
141 females


58 males�
Philippi et al[75]


�
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