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Novelty Statement

 Disordered eating in type 1 diabetes has no effective treatment despite a significant impact 

on self-care behaviour, insulin use and glycaemia. 

 People with disordered eating and type 1 diabetes spend longer duration in level 2 

hyperglycaemia (>13.9 mmol/L) and have higher variability of glucose levels, and this was 

associated with inappropriate diabetes self-care actions and negative emotions. 

 A complex interaction between glycaemia, emotions and self-care behaviours exist in 

people with type 1 diabetes and disordered eating. 
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Abstract

Objectives: Glycaemia in people with type 1 diabetes and disordered eating is not well 

characterised. We explored the glycaemia, self-care behaviour and emotional state of women with 

type 1 diabetes and disordered eating.

Research design and methods: Thirteen women with and ten without disordered eating and type 

1 diabetes participated in this case-control study. We used a mixed-methods approach with a 7-day 

blinded continuous glucose monitoring and real-time record of non-prompted capillary glucose, 

emotion, activity, and physical symptoms on a diabetes diary using a smartphone application 

(mySugr®). We compared groups using  Mann-Whitney U test or  Fisher’s exact test. We 

conducted thematic analyses of free text diary entries (NVivo®) and quantitative analysis of 

emotion/ symptom tags.

Results: People with type 1 diabetes and disordered eating spent longer time above range in level 

2 hyperglycaemia (>13.9 mmol/L, Median [Interquartile range]: 21% [16,60] vs 5% [2,17], 

p=0.015). They had lower time in range and similar time below range compared to those without 

disordered eating. The standard deviation of capillary glucose was significantly higher in the 

disordered eating group (4.7 mmol/L [4.5, 6.1] vs 3 [2.8, 3.2], p=0.018). The median of the 

percentage of rising trends was three times higher in the disordered eating group. They also had 

higher negative emotional and physical symptoms associated with high blood glucose (>15 

mmol/L).

Conclusions: Disordered eating has a significant impact on the glycaemia and emotion of a 

person with type 1 diabetes. 

Keywords: type 1 diabetes, eating disorders, continuous glucose monitoring, blood glucose 

variability, hyperglycaemia
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INTRODUCTION

Type 1 diabetes has an impact on almost every aspect of day to day life of a person [1]. People 

living with type 1 diabetes must continuously pay close attention to their blood glucose, food 

intake, activity, and modify their insulin doses to avoid hypo- and hyperglycaemia. Food intake 

has the most marked and immediate effect on blood glucose leading to a large focus on food and 

consequent efforts to regulate its impact on blood glucose, sometimes unsuccessfully. These 

efforts can quickly become an obsession or cause frustration to a person living with type 1 

diabetes [2]. These relentless diabetes self-care burdens are predisposing factors for mental health 

disorders (e.g. depression, eating disorders) and for diabetes-specific distress [3], known to worsen 

glycaemic control and affect quality of life [4].

Disordered eating in people with type 1 diabetes is a spectrum of conditions ranging from well-

defined mental health disorders like anorexia nervosa, bulimia nervosa and binge eating disorder 

to inappropriate diabetes self-care behaviours like excessive calorie restriction for weight loss, 

carbohydrate restriction, intense exercise, laxative or diuretic abuse, self-induced vomiting, 

skipping basal or bolus insulin and intermittent binge eating [5]. People with type 1 diabetes and 

disordered eating have described their condition as a vicious cycle of diabetes and disordered 

eating reinforcing each other [6]. Although people with type 1 diabetes and disordered eating have 

elevated HbA1c [7], there is no knowledge of the actual dynamic of their blood glucose level over 

time, time in range (TIR) or glucose variability (GV). Disordered eating is a condition that thrives 

in secrecy and people tend not to report their symptoms and behaviours in clinics; therefore, 

diabetes clinicians’ knowledge of diabetes self-management behaviour in a person with type 1 

diabetes is scarce. 

Disordered eating is twice as prevalent in type 1 diabetes [8] compared to those without diabetes 

and can impact negatively on safe diabetes self-care behaviours [9]. Insulin restriction triples risk 

of mortality in people with type 1 diabetes by accelerating microvascular and macrovascular 

complications [7]. It also predisposes to acute complications such as diabetic ketoacidosis (DKA) 

and severe hypoglycaemia from inappropriate insulin doses [10, 11]. There is currently no 

effective intervention for people with type 1 diabetes and disordered eating [12].

Psychopathology of disordered eating in type 1 diabetes is complex, with various proposed 

models[9, 13, 14]. A food addiction based model [9] posits that foods with a high glycaemic load 

are more addictive and cause greater post-meal hunger and activation of reward circuits [15, 16]. A
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A rapid rise of blood glucose after intake of such foods may play a role in driving this. However, 

in people with type 1 diabetes, similar glucose-kinetics occur when mealtime insulin is restricted 

or omitted, even without need for an unusually high glycaemic load food. Previous continuous 

glucose monitoring (CGM) based studies in type 1 diabetes and disordered eating have shown that 

insulin omission/restriction is associated with higher post-meal glucose [17–19]. Thus, people 

with disordered eating may experience greater fluctuations in their glucose, which is not reflected 

in their HbA1c. This study aimed to characterize  glycaemia of people with type 1 diabetes and 

disordered eating and explore  association of these glycaemic changes with emotion and diabetes 

self-care behaviours. 

RESEARCH DESIGN AND METHODS

We conducted a case-control study using a mixed-methods approach of combining blinded CGM 

with emotion and activity self-reported in real-time in a diabetes diary utilising a smartphone 

application, mySugr®. East of England - Cambridge Central Research Ethics Committee approved 

this research protocol (IRAS Project ID: 231596). 

Participants and Data Collection

Participants with type 1 diabetes, 13 women with self-declared disordered eating and ten women 

without disordered eating, were recruited after informed consent, through social media 

advertisements and clinician referrals from January 2018 to January 2019. Exclusion criteria 

included >1 hospital admission in past year from DKA, BMI <15 or >40kg/m2, HbA1c >140 

mmol/mol (>15%), severe mental illness or advanced diabetes complications. 

Participants wore a blinded CGM (DexcomG4® Platinum with 505 Software transmitter and 

receiver kits) for a week. CGM traces downloaded at end of study using Dexcom® Studio software 

was inspected and interpreted. We encouraged participants to record details about each meal (e.g. 

estimated carbohydrate intake, insulin dose taken or free text description of meal), emotions and 

behaviours around a meal (e.g. skipped insulin, binge eating, feeling guilty about eating, angry at 

high blood glucose etc), insulin doses, glucose measurements and exercise on diabetes diary. 

Participants could choose from many pre-set tags (Supplementary Table S1) on diabetes diary or 

make free text entries.  Participants used their own capillary glucose meters for testing and were 

encouraged to test pre-meals and at bedtime. There were no reminders for data entry nor any limit 

to number of entries allowed per day. We downloaded diabetes diary data in excel format and 

exported free-text entries into NVivo11®. Participants received training on wearing blinded CGM A
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system and use of diabetes diary, mySugr® application. Participants completed revised Diabetes 

Eating Problem Survey (DEPS-R) [20], 17 items Diabetes Distress Screening Scale [21], Patient 

Health Questionnaire (PHQ-9), Yale Food Addiction Scale (YFAS)[22] and an 11-item 

technology questionnaire (Supplementary Table S2) on satisfaction with CGM device and 

mySugr® application at start and end of study. A higher score indicated a greater degree of 

disordered eating, diabetes distress, depression, food addiction or satisfaction with technology on 

respective scales. 

Participants also underwent semi-structured interviews to inform a revised theoretical model of 

disordered eating in type 1 diabetes as part of a sub-study. An experienced clinical psychologist, 

with expertise in eating disorders, analysed all interviews and confirmed group allocation of all 

participants.

Data analysis

CGM Analysis

We reviewed all CGM data for quality by calculating Mean absolute relative difference (MARD) 

for all calibration points using sensor glucose that was closest in time to calibration capillary 

glucose. We excluded all CGM data before and after a calibration point with a MARD >25%. MS 

and SR inspected and excluded sections of all CGM downloads with significant gaps, erratic or 

missing sensor glucose. For each participants’ sensor glucose readings, we calculated mean, 

standard deviation (SD), coefficient of variation (%CV), time in range (TIR; 3.9 - 10 mmol/L), 

time above range measured at two thresholds(TAR; >10 and >13.9 mmol/L), and time below 

range measured at two thresholds (TBR; <3.9 and <3 mmol/L) for the entire period.  Further, we 

used EasyGV. Ver. 9.0.R2 ( available from https://www.phc.ox.ac.uk/research/technology-

outputs/easygv) software to calculate other glycaemic indices from the longest CGM trace without 

missing data for each participant. Indices calculated were Continuous overall net glycaemic action 

(CONGA-1hour), Lability Index (LI), Low Blood glucose Index (LBGI), High Blood Glucose 

Index (HBGI), Glycaemic risk assessment diabetes equation (GRADE), GRADE%- Hypo, Hyper 

and Euglycaemia, J-Index, Mean of daily differences (MODD), Mean Amplitude of glycaemic 

excursions (MAGE), Average daily risk ratio (ADRR), M-Value, and Mean absolute glucose 

(MAG).  

Sensor glucose trend analysis

We calculated sensor glucose trend as rate of change in sensor glucose over 15 minutes (e.g. 4th 

glucose– 1st glucose). A positive difference identified a rising trend, and a negative difference A
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identified a falling trend in sensor glucose. In keeping with rate of change metrics used for trend 

arrows on a Dexcom system[23], we considered a change of ± 0.056 mmol/L/min as a stable 

trend. Rest of sensor glucose trends were divided as  a rising (>0.056 to 0.11, >0.11 to 0.17, & 

>0.17 to 0.22 mmol/L/min ) or a falling trend (<-0.056 to -0.11, <-0.11 to -0.17, & <-0.17 to -0.22 

mmol/L/min ). We added a fourth trend, >0.22 mmol/L/min, not present in Dexcom system, to 

capture the anticipated large rate of change of glucose in group with disordered eating. We 

expressed each of these sensor glucose trends as a percentage of total trends identified in each 

participant, thereby correcting for unequal CGM durations between participants. 

Diabetes diary analysis

Participants could make free text entries or choose from pre-set entries in diabetes diary. 

Supplementary Table S1 shows full list of pre-set tags available in mySugr application. At end of 

study, all entries were exported to NVivo® and analysed. Following thematic analysis, we 

categorised entries into diabetes self-care, physical symptoms, disordered eating, activity, and 

emotion and feelings.  Diabetes self-care related entries included self-monitored capillary glucose, 

insulin bolus, correction bolus, food and mealtime, drinks, alcohol, technical aspects, self-

reflection, deliberate insulin omission and cutting corners. Blood glucose awareness related entries 

included ‘feeling high’ and ‘feeling low’. Physical symptoms recorded included gastrointestinal 

symptoms, pain, headache, light-headedness, difficulty concentrating, tiredness, fullness, and 

hunger. Disordered eating related entries included purging, restricting food, binge eating, and 

body image concerns. Activity related entries included household activities, dining, and travel. 

Emotion and feeling recorded included positive affect (excited, happy, relaxed, chilled) and 

negative affect (feeling low, stressed, angry, frustrated, loss of control). We compared median 

number of entries per category between groups. Further, frequency of emotion and physical 

symptom entries were stratified based on respective time-matched sensor or capillary glucose and 

compared between groups. We excluded entries without a time-matched CG or SG from this 

analysis. 

Statistics

We present data as count (n, %), or median and interquartile range (Median [IQR]). Groups were 

compared using Mann Whitney U test for continuous data or Fisher’s exact test for categorical 

data. Microsoft Excel and SPSS version 25 were used for data extraction, cleaning, and statistical 

analysis. Correlations between DEPS-R, PHQ-9 and DDS-17 scores and glycaemic indices were 

assessed using Spearman’s rank test. A
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RESULTS

Thirteen women with type 1 diabetes and disordered eating and ten women with type 1 diabetes 

participated in this study. Eight participants in disordered eating group had self-referred to the 

study (of whom seven had received an eating disorder diagnosis at their local service), three were 

currently under our specialist service for people with type 1 diabetes and disordered eating at 

King’s College Hospital and two under South London and Maudesley eating disorder unit 

outpatients’ service. Of 13 with self-declared disordered eating, 12 had either a historical or an 

ongoing formal diagnosis of an eating disorder (five had anorexia nervosa, three had bulimia 

nervosa, two had binge eating disorder, and two had Eating disorder not otherwise specified 

(EDNOS)) and remaining one woman without any formal diagnosis had a history of insulin 

restriction for weight loss. Three women (two with EDNOS, one with insulin restriction) had a 

history of insulin restriction for weight loss or to prevent weight gain. 

Baseline characteristics like age, ethnicity, BMI, cigarette smoking, alcohol intake, duration of 

diabetes, baseline reported total daily insulin dose (TDD), mode of insulin administration, severe 

hypoglycaemia and DKA episodes in past year were comparable between groups (Table 1). No 

episodes of severe hypoglycaemia occurred during study period. Recreational drug use was more 

prevalent in disordered eating group compared to type 1 diabetes (38.5% vs 10%). Interestingly, 

baseline TDD of insulin was numerically higher in those with disordered eating. However, these 

insulin dosages reflect prescribed doses of insulin and not actual amount that is taken by the 

person with disordered eating. The prescribed dose is likely higher in response to higher HbA1c of 

this group during clinical review and does not necessarily translate to actual amount of insulin 

administered. Women with type 1 diabetes and disordered eating had significantly higher HbA1c 

and higher scores on diabetes distress (DDS-17), depression (PHQ-9) and DEPS-R questionnaires 

compared to those with type 1 diabetes. There were no differences between groups in YFAS or 

technology questionnaire (Table 2). 

Glycaemia

Self-monitored capillary glucose

The disordered eating group recorded fewer capillary glucose (CG) per day and had a significantly 

higher SD of capillary glucose (Table 3).

Continuous glucose monitoringA
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The median duration of CGM used for analysis, after excluding areas with suboptimal MARD and 

significant missing data, was shorter in the disordered eating group.  Comparison of the time in 

range of sensor glucose between groups showed similar TBR, but higher TAR in the disordered 

eating group and consequently, a lower TIR (Fig. 1, Table 3). TAR, >13.9 mmol/L, had the 

highest correlation with DEPS-R and DDS-17 scores (Supplementary Table S3). The median of 

SDs derived from sensor glucose was higher in the disordered eating group with a trend to 

significance while the median of %CVs was similar between the groups. Among the other 

glycaemic indices compared GRADE, HBGI, J-Index, and M-value were significantly higher in 

the disordered eating group (Supplementary Table S4). GRADE, HBGI and M-value are risk 

scores generated from glucose values, while J-Index is a composite score that incorporates both 

mean glucose and SD[24].

In analysing glucose trends percentages, median of percentage of rising trends in glucose (>0.17 

and >0.22mmol/L/min, both p <0.05) was three times higher, and median of falling trends in 

glucose (>-0.22mmol/L/min, p =0.06) trended higher in disordered eating group (Table 3).

Diabetes Diary usage

Despite the same duration of diabetes diary usage (median of 6 days), the median entries per day 

(5.5 vs 8.3, p = 0.030), were significantly lower in the disordered eating group (Table 4). There 

were no significant differences in the entries related to disordered eating, blood glucose 

awareness, physical symptoms, or emotions and feelings across the two groups. The disordered 

eating group recorded fewer activity-related entries.

Emotional and physical symptoms stratified by corresponding glucose

The disordered eating group had a significantly higher frequency of negative emotions/week (2.0 

[1.0, 6.0] vs 0 [0, 1.0], p=0.030) at glucose > 15mmol/L and higher frequency of physical 

symptoms/week when the blood glucose was > 10 mmol/L and > 15 mmol/L (7.0 [3.0, 13] vs 2.5 

[1.0, 7.0], p=0.049; 4.0 [1.0, 6.0] vs 0 [0, 2.0], p=0.021, respectively) (Supplementary Table S5). 

On sub- analysis, the negative emotional symptoms were only significantly different for capillary 

glucose but not with blinded sensor glucose (Supplementary Table S6). 

DISCUSSION

This study aimed to characterise the glycaemia in people with type 1 diabetes and disordered A
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eating and its impact on diabetes self-care behaviours and emotion. People with type 1 diabetes 

and disordered eating spend four times longer in level 2 hyperglycaemia (>13.9 mmol/L) with an 

associated higher frequency of negative emotions and physical symptoms and had higher glucose 

variability. 

Disordered eating thrives in secrecy and behaviours are often hidden and unknown to the health 

care providers. Characterization of glycaemic changes could serve as a surrogate marker for early 

identification of this condition. While a comparison of the typical parameters of TIR, TBR and 

TAR may not appear hugely different, it is the TAR beyond level 2 hyperglycaemia (>13.9 

mmol/L) that is strikingly different. People with disordered eating spend >5.1 hours (21.3% of 24 

hours) at glucose more than 13.9 mmol/L compared to 1.2 hours (5% of 24 hours) in people 

without disordered eating. Recreational drug use is another secret behaviour that is known to be 

prevalent in those with eating disorders and co-occurs in people with type 1 diabetes and insulin 

misuse.[25]

Glucose variability (GV) has received much attention recently and presents another dimension of 

glycaemia not captured by HbA1c. GV is linked to hypoglycaemia and the risk of diabetes 

complications[26]. Reducing GV is now a recognised therapeutic target in the treatment of 

diabetes.  Glucose variability (GV) as measured by SD was higher in the group with disordered 

eating. However, it is interesting that %CV, considered the primary metric of GV [26], was not 

different between the groups. %CV is not different since people with disordered eating have an 

increase in both mean glucose and SD (CV = SD/Mean glucose).

Interestingly, most commercial CGM download software such as Carelink®, Diasend® report SD, 

Dexcom® reports both SD and %CV, while Freestyle Libre® reports %CV. Glucose variability 

has multiple aspects, amplitude, duration, and the rate of change. Neither SD nor %CV captures 

the rate of change of glucose. The disordered eating group had a higher percentage of rising and 

falling sensor glucose trends.  Glucose variability captured by SD and the rate of change of 

glucose captured by the percentage of rising and falling trends are characteristic glycaemic 

changes in disordered eating. 

Our study further unravels the complex psychopathology of disordered eating and its relation to 

glycaemic changes. People with disordered eating experience higher variability of glucose A
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together with more negative emotions and physical symptoms at high glucose. It was interesting 

that negative emotions were high only when the glucose value was visible (capillary glucose) and 

not when it was high on blinded CGM (sensor glucose).  The negative emotions linked to high 

blood glucose could be the result of various thought processes; a feeling of guilt for 

omitting/restricting insulin, anxiety about the risk of diabetes-specific complications or a sense of 

failure despite attempts at maintaining glucose within the target range. Such negative emotions 

could lead to multiple actions. Firstly, a large correction bolus, often resulting in a rapid drop in 

blood glucose and subsequent hypoglycaemia. This study explains through data this commonly 

seen clinical phenomenon of food taken without insulin, followed by a negative emotional 

response to high blood glucose that eventually leads to a correction dose (sometimes termed a 

“rage bolus”) that then leads to a rapid fall of glucose (Fig. 2). There was indeed a trend for a 

higher percentage of falling trends of glucose in the group with disordered eating, which would 

support this behaviour. Secondly, studies also suggest that overdosing of insulin at high blood 

glucose, with subsequent hypoglycaemia may be used as a justification for bingeing on ‘restricted 

food’ without insulin, resulting in rapid glucose rises, which further perpetuates this cycle [25, 

27]. Thirdly, the negative emotion at high blood glucose and the perceived failure at preventing 

these may result in reduced blood glucose measurements to avoid the negative emotions 

associated with it. These negative emotions could be a reason for the lower frequency of blood 

glucose measurements in the disordered eating group. However, these are self-defeating strategies 

and often leads to the very situation the person was trying to avoid and further perpetuation of this 

vicious cycle. For example, a person skipping insulin for meals to restrict insulin often feels guilty 

or develops negative emotions to subsequent high glucose leading to a large correction bolus. 

Thus, the strategy did not avoid insulin, but only delayed it at the cost of high blood glucose, 

negative emotions, and subsequent risk of hypoglycaemia from a large correction dose (Fig.  2). 

Two previous studies have used a 3-day blinded CGM in type 1 diabetes with disordered eating 

and support our findings.   Higher DEPS-R scores were associated with higher mean glucose and 

TAR > 10 mmol/L, while no association was found with TBR and SD [28]. However, the mean 

DEPS-R score in that study was 12.4 ± 10.1, much lower than that of our study (28.7 ± 15.6). 

Merwin et al. [17] studied people with a DEPS-R score > 20 and found a correlation between 

insulin restriction at meals and their mean glucose and TAR >10 mmol/L. Negative affect, ‘guilt 

for eating’ and ‘break a rule’ feelings before eating predicted insulin restriction. The same group A
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also showed that a higher pre-meal negative affect led to insulin restriction and an objective binge 

eating episode, which in turn led to higher post-meal glucose and more negative affect [18]. 

Currently, available treatments do not yield any significant improvement to people with type 1 

diabetes and disordered eating [12]. Diagnosis of type 1 diabetes is a significant disruption to the 

life of a person demanding large behavioural changes. The early adaptive strategies that a person 

employs has a substantial impact on their future diabetes self-care and psychological well-

being[29]. It appears that inappropriate diabetes self-care behaviours are a key factor [2] in the 

development of disordered eating in type 1 diabetes. This calls for early psychological support to 

foster realistic expectations in people with newly diagnosed type 1 diabetes paired with the early 

introduction of essential skills and knowledge for flexible insulin dosing for normal eating, to 

avoid large glucose fluxes. Another important theme was the higher negative affect associated 

with high blood glucose, which drives inappropriate diabetes self-care behaviours. We believe that 

early clinical conversations have a major impact on how people view each blood glucose value. 

The use of ‘time in range’, identified by people with diabetes as a key metric [30], as opposed to 

strict target ranges is a move in the right direction as this gives people with diabetes the 

‘permission’ to be ‘out-of-range’ for a certain period. Thus, a glucose value outside the range may 

not be immediately seen as a failure, resulting in inappropriate insulin doses. We believe that 

utilising TIR as a glycaemic target in early conversations with a newly diagnosed person with type 

1 would provide a more realistic picture of the expected glycaemia in a person with type 1 

diabetes.

Results suggest that insulin restriction might be decreased by helping people with type 1 diabetes 

respond effectively to the heightened negative affect (e.g., anxiety, guilt) and encouraging them to 

take a less rigid, punitive approach to diabetes management [17]. We believe that introduction of 

adaptive emotional regulation strategies to people with type 1 diabetes early, potentially together 

with structured, flexible insulin therapy education may reduce the development of inappropriate 

behaviours like avoidance of diabetes self-care.

Strengths and Limitations

Our study presents real-life data comparing type 1 diabetes women with and without disordered 

eating. A significant strength of our research is in successfully recruiting 13 people with type 1 A
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diabetes and disordered eating, despite this group being usually secretive and not willing to 

participate in clinical trials. We used a non-intrusive approach without any alerts for data entry. 

Participants were free to decide the frequency of their interaction with the blood glucose diary 

application. Although a prompt-based system would have captured more data, we believe that this 

would have resulted in observer bias, alert fatigue and incorrect data capture. Ours is the first 

study using a CGM system for seven days together with real-time diabetes diary in people with 

type 1 diabetes and disordered eating. 

There are several limitations identified. Our study had a relatively small sample size, and therefore 

non-significant differences do not rule out the possibility of real effects. Although we attempted to 

match the groups as best possible, they were not perfectly matched (for example, for age and 

ethnicity), and the possibility of unmeasured confounder bias cannot be excluded.  We also 

acknowledge the issue of multiple testing; however, each analysis had a prior study hypothesis. 

Only white women with type 1 diabetes and disordered eating volunteered for this study in a 

tertiary care setting. Hence, extrapolation of our findings to men, other ethnicities and care settings 

must be done with caution. Although the women in the control group had no self-declared 

disordered eating nor any known records of a past eating disorder, some scored higher on DEPS-

R. A higher DEPS-R score in the control group may identify behaviours related to problems of 

accepting living with diabetes and not necessarily disordered eating behaviour. We believe that we 

have underestimated some of the differences between the groups due to the limitations of the 

maximum sensor value on commercial CGM system used, 22.2 mmol/L. Further, more data loss 

in the disordered eating group due to missed calibrations and missing data was also not ideal.  It is 

possible that some periods of wide fluctuations in sensor glucose due to disordered eating 

behaviours were excluded or not captured. The use of a diabetes diary to document events related 

to diabetes and disordered eating is a major cognitive and behavioural change. Indeed, people with 

disordered eating had a 50% lower frequency of entries on the diabetes diary. In keeping with our 

minimally intrusive approach, we did not insist on meal marking and hence the analysis of factors 

that may trigger a meal-based behaviour could not be done. Findings from this study must be re-

affirmed in a larger sample with attempts to overcome the limitations identified. Nevertheless, we 

believe that this study reveals a complex interaction of glycaemia, emotions, and self-care in 

people with disordered eating and type 1 diabetes.  A
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CONCLUSION

People with type 1 diabetes and disordered eating spend a significantly higher percentage of time 

in level 2 hyperglycaemia, associated with negative affect and higher glucose variability, and 

contributed by inappropriate diabetes self-care behaviour. 
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Table 1: Baseline characteristics 

Characteristic Type 1 diabetes with disordered 

eating

N = 13

Median [Interquartile range] 

or n (%)

Type 1 diabetes

N = 10

Median [Interquartile range] or 

n (%)

Age, years 25 [23, 33] 29.5 [26, 36]

Women, n (%) 13 (100%) 10 (100%)

Ethnicity, n (%)

 White

 Black

 Asian

 Others

13 (100%)

--

--

--

8 (80%)

--

2 (20%)

--

Body Mass Index (kg/m2) 25.2 [22.7, 27] 27.35 [24.6, 30.6]

Cigarette Smoking 

(Current or Past)

8 (61.5%) 5 (50%)

Alcohol Consumption 12 (92.3%) 9 (90%)

Recreational Drug Use 5 (38.5%) 1 (10%)

Duration of diabetes (years) 13 (10,19) 10 (5, 20)

Type of therapy, n (%)

 Multiple daily injections

 Continuous subcutaneous insulin infusion

8 (62%)

5 (38%)

5 (50%)

5 (50%)

Total daily dose of Insulin

 (units/day)

41.3 [16.5, 54.8] 30.4 [29.6, 38.3]

Severe hypoglycaemia in the past 12 months, 

n (%)

  0

  1

  2

11 (84.6%)

1 (7.7%)

1 (7.7%)

10 (100%)

--

--

Diabetic ketoacidosis in the past 12 months, 

n (%)

  0

  1

  2

  5

9 (69.2%)

1 (7.7%)

2 (15.4%)

1 (7.7%)

9 (90%)

1 (10%)

--

--

Diabetes eating Problem Survey – Revised, 36 (31, 44) 21 (8, 22)A
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Table 2: Comparison of HbA1c and questionnaire scores between groups.

Characteristic Type 1 diabetes with disordered 

eating

N = 13

Median [Interquartile range]

Type 1 diabetes

N = 10

Median [Interquartile 

range]

P-

value

HbA1c (mmol/mol)

HbA1c (%)

72 (68, 94)

8.7 (8.4, 10.8)

57 (50, 65)

7.35 (6.7, 8.1)
0.004

Diabetes distress score17, total score 3.5 (2.9, 3.9) 2.6 (2.3, 2.9) 0.012

Patient Health Questionnaire-9, total 

score

15 (8, 18) 7.5 (3, 9) 0.042

Yale Food Addiction Scale, Total 

score

3 (1, 10) 0.5 (0, 3) 0.077

Technology Questionnaire

  Start of Study

  End of Study

42 (38, 44)

43 (41, 45)

44 (39, 47)

43 (41, 46)

0.131

0.693
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Table 3: Comparison of self-monitored capillary glucose (CG) and continuous glucose monitoring (CGM) derived 

sensor glucose (SG) parameters across type 1 diabetes with and without disordered eating.

Parameter Type 1 diabetes with disordered 

eating

(n=13)

Median [Interquartile range]

Type 1 diabetes

(n=10)

Median [Interquartile 

range]

P 

value

Self-monitored capillary glucose (CG)
Days of CG recording, n 6 (5.7, 6.8) 5.95 (5.2, 7.1) 0.648
Mean CG readings/day, n 4.5 [2.1, 5.3] 6.3 [4.2, 8.4] 0.030
Mean CG, mmol/L 9.7 [9.3, 14.9] 8.8 [7.5, 10.1] 0.136
Standard deviation of CG, mmol/L 4.7 [4.5, 6.1] 3 [2.8, 3.2] 0.018
Coefficient of variation of CG, % 42.2 [34, 56] 37.8 [33, 44] 1.000
Continuous glucose monitoring (CGM)
Number of CGM readings used (n) 1589 [1318, 1774] 1883[1579, 1935]

[1579,1935]

0.049
Days of CGM tracing 5.5 [4.6, 6.2] 6.5 [5.5, 6.7] 0.049
Mean sensor glucose, mmol/L 10.3 [9.6, 14.9] 8.4 [7.4, 10.6] 0.036
Standard deviation, mmol/L 4 [3.4, 4.7] 2.9 [2.7, 3.6] 0.077
Coefficient of Variation (%) 35 [29, 44] 37.3 [31, 40] 1.000
Time in Range (3.9-10 mmol/L) 42.6 [16.1, 56.2] 69.7 [44.6, 76.7] 0.017
Time Below Range (< 3.9 

mmol/L)

3.3 [0, 7.1] 4.0 [1.8, 6.0] 0.522
Time Below Range (<3 mmol/L) 0.6 [0.0, 2.9] 0.5 [0.1, 1.0] 0.927
Time Above Range (>10 mmol/L) 49.8 [38.4, 83.9] 25.6 [19.5, 54.8] 0.036
Time Above Range (>13.9 

mmol/L)

21.3 [17.4, 45.4] 5 [2.2, 11.9] 0.015
CGM trends expressed as a percentage of all trends
Total trends (n) 1580 [1226, 1679] 1767 [1511, 1867] 0.026
Rising Trends (%)
 (>0.05 to 0.11 mmol/L/min) 8.4 [7.3, 9.4] 7.9 [6.9, 9.6] 0.852
(>0.11 to 0.17 mmol/L/min) 2.5 [1.9, 3.3] 2.1 [1.5, 2.8] 0.352
(>0.17 to 0.22 mmol/L/min) 1.0 [0.4, 1.3] 0.3 [0, 0.7] 0.022
(>0.22 mmol/L/min) 0.3 [0.1, 0.8] 0 [0, 0.3] 0.024
Stable Trends (%)

≥-0.056 to ≤0.056 mmol/L/min 75.8 [70.2, 82.5] 82.2 [74.8, 83.7] 0.208
Falling Trends (%)
(<-0.05 to -0.11 mmol/L/min) 7.8 [6.3, 11] 7.3 [5.4, 9.4] 0.457
(<-0.11 to -0.17 mmol/L/min) 2 [1.1, 3] 1.2 [0.8, 1.9] 0.239
(<-0.17 to -0.22 mmol/L/min) 0.4 [0.2, 0.7] 0.3 [0, 0.4] 0.384
(<-0.22 mmol/L/min) 0.2 [0, 0.6] 0 [0, 0.1] 0.061
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Table 4: Comparison of the entries on diabetes diary across type 1 diabetes with and without disordered eating

Parameter

Type 1 diabetes with 

disordered eating

(n=13)

Median 

[Interquartile range]

Type 1 diabetes

(n=10)

Median 

[Interquartile range]

P-

value

Diabetes diary use (days) 6 (5.7, 6.8) 5.95 (5.2, 7.1) 0.648
Diabetes diary entries per day (n/day) 5.5 (1.8, 7.4) 8.3 (5.2, 13.6) 0.030
Diabetes self-care related entries, total (n) 96 (67, 107) 101.5 (73, 149) 0.483
Blood glucose awareness related enries, total (n) 4 (3, 7) 2.5 (2, 5) 0.343
Physical symptoms related entries, total (n) 13 (10, 22) 8.5 (2, 17) 0.131
Disordered eating behaviour related entries, total (n) 4 (0, 8) 2 (0, 5) 0.284
Activity related entries, total (n) 6 (2, 10) 18 (6, 21) 0.036
Emotions and feelings related entries

Positive affect, (n) 4 (0, 6) 2 (1, 13) 0.605
Negative affect, (n) 9 (6, 13) 5.5 (3, 11) 0.186
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Figure 1: Comparison of the median percentages (will not add up to 100%) of time in range of 

sensor glucose between people with and without disordered eating and type 1 diabetes (bar graph 

adjusted proportionately to represent 100%) 

Figure 2: An example of food intake without adequate insulin leading to a rapid rise in blood 

glucose with overnight hyperglycaemia. A large bolus taken at high blood glucose (“rage bolus”) 

results in rapid fall of blood glucose and subsequent hypoglycaemia, perpetuating this cycle. 
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