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5 SUMMARY IN CATALAN

ALTERACIONS DE LA CONDUCTA ALIMENTARIA
EN ADOLESCENTS AMB DIABETIS TIPUS 1
Introduccio

Les alteracions de la conducta alimentaria (ACA) sén freqlents en persones amb
diabetis tipus 1 (DT1) presentant una prevalenca d’entre un 8 i un 55%. Les ACA en
DT1, com a la poblacié general, sén més freqlients en dones que en homes i estan
relacionades amb simptomes depressius i conflicte familiar. Les ACA en DT1 s’associen
a menor automaneig de la diabetis i a un pobre control metabolic. El maneig de la
diabetis requereix planificaci6 de les ingestes, recompte dels carbohidrats,
monitoratge regular de la glicemia i una correcta administracié d’insulina, pel quée és
necessari una apropiada funcié executiva. En persones amb DT1, els problemes en les

funciones executives (FE) s’associen a un pobre maneig de la diabetis i també a ACA.
Hipotesis

Estudi 1: les ACA oscil-laran entre un 15 i un 30% en una mostra d’adolescents amb
DT1. Les ACA estaran associades al sexe femeni, a major edat, a menor nivell d’estudis
parental, a sobrepés/obesitat, a menor freqliencia de monitoratge de les glicemies, a
major nivell sanguini d’hemoglobina glicada (HbAlc), a menor Us de la bomba
d’insulina, a una pobra adheréncia al tractament de la diabetis, a major malestar

emocional amb relacid als valors de glicemia, a major conflicte familiar relacionat amb

el maneig de la diabetis, a més simptomes depressius, i a menor qualitat de vida.

Estudi 2: en una mostra d’adolescents amb DT1, un major nivell d’ACA estara associat
a problemes en les FE, informats tant pels adolescents com pels progenitors. Un major
nivell d’ACA es relacionara amb una major desregulacié conductual, concretament

amb problemes en el control emocional i en la flexibilitat.
Objectius

16



Estudi 1: avaluar la prevalenca d’ACA en una mostra d’adolescents amb DT1, i
comparar caracteristiques sociodemografiques, biomediques, i psicosocials d’acord al

nombre d’ACA.

Estudi 2: examinar I'associacio entre problemes en les FE, informats per adolescents i
progenitors, i el nombre d’ACA en una mostra d’adolescents amb DT1. Avaluar la
relacié del nombre d’ACA amb la desregulacid conductual, concretament amb

problemes en la flexibilitat i el control emocional.
Metodes

Els estudis son transversals en adolescents (13-17 anys) amb DT1. La mostra de |'estudi
1 estava composta per 178 adolescents (48% dones) i la mostra de I'estudi 2 per 169

adolescents (46% dones) i 168 progenitors.

Estudi 1: les dades demografiques i del maneig de la diabetis van ser recollides en una
entrevista als pares i a 'adolescent, i revisant la historia clinica. A més es va obtenir el
pes i la talla, i una mostra de sang. Els adolescents van respondre la Diabetes Eating
Problem Survey-Revised (DEPS-R), que és una eina especifica per explorar ACA en
diabetis. Els adolescents també van respondre altres qliestionaris psicosocials incloent
el Diabetes Management Questionnaire, el Glucose Monitoring Communication
Questionnaire, la Diabetes Family Conflict Scale, el Pediatric Quality of Life Inventory, i

la Center for Epidemiologic Studies Depression Scale.

Estudi 2: les ACA van ser examinades mitjancant la DEPS-R i les FE a través de la
Behavior Rating Inventory of Executive Function (BRIEF): els progenitors van completar
la versio per families i els adolescents la versié autoaplicada. La BRIEF té una puntuacio
general (Global Executive Componsite), dos indexs (Behavioral Regulation Index i
Metacognition Index) i diverses subescales (emotional control, inhibit, monitor, shift,
organization of materials, plan/organize, task completion, iniciate, and working

memory).
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En els dos estudis, els adolescents es classificaven en nivells d’ACA en funcié de la
puntuacio de la DEPS-R: baix si <10, moderat si 10-19, i alt si 220. En 'estudi 2, els
adolescents es van classificar en funcié de la preséncia (puntuacié de la BRIEF 260) o

no (puntuacié de la BRIEF <60) de problemes en les FE.

Per les analisis estadistiques, en I'estudi 1 es van utilitzar ’TANOVA, la Khi quadratii la
Khi quadrat Mantel-Haenszel, i van ser considerats estadisticament significatius els
valors p<0.01. En 'estudi 2, es va utilitzar la Khi quadrat Mantel-Haenszel i els valors

p<0.01 van ser considerats estadisticament significatius.
Resultats

Estudi 1: un 26% presentaven un nivell moderat i un 15% un nivell alt d’ACA. Hi havia
de forma significativa (p=0.003) una major proporcié de dones en els nivells d’ACA
moderat (62%) i alt (65%) que en el nivell baix (37%). També hi havia més adolescents
amb obesitat en el grups moderat (13%) i alt (27%) que en el grup de baix nivell d’ACA
(4%) (p=0.0003). Respecte el nivell d’estudis parental, hi havia una menor proporcid
d’adolescents amb progenitors amb estudis universitaris o superiors en el grup d’alt
nivell d’ACA (50%) que en el grup moderat (62%) i que en el grup baix (83%)
(p=0.0001). Uns majors nivells d’ACA estaven associats amb una menor freqiiéncia
diaria de monitoratge de glucosa (p=0.0006), a alts nivells d’"HbAlc (p=0.01), a pobra
adheréncia al tractament (p<0.0001), a major malestar emocional en relacié al
monitoratge de glicemies (p<0.0001), a pobra qualitat de vida (p<0.0001), a més
simptomes depressius (p<0.0001), i a més conflicte familiar relacionat amb la diabetis
(p<0.01). No es van trobar diferéncies entre els nivells d’ACA respecte I'edat ni en |'Us

de bomba.

Estudi 2: segons la versid informada pels adolescents, hi havia una major proporcié
d’adolescents amb problemes en les FE en els nivells alt (19%) i moderat (18%) d’ACA
que el nivell baix (2%) (p<0.001). A més, hi havia significativament (p<0.001) un major
percentatge d’adolescents amb desregulacido conductual en el grups moderat i alt

d’ACA que en el grup de baix nivell d’ACA. No es van trobar diferencies significatives
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entre els tres grups en la versid per progenitors. Tenint en compte els dominis de les
FE, d’acord amb la versio autoaplicada, un major nivell d’ACA es va associar amb les
subescales de control emocional (p<0.001) i de flexibilitat (p<0.001), mentre que
segons la versid per a progenitors, un major nivell d’ACA estava associat amb Ia

subescala de la iniciativa (p=0.008).
Conclusions

Les ACA en adolescents amb DT1 sén prevalents i estan associades amb diversos
factors sociodemografics, biomedics i psicosocials. Les ACA també estan associades
amb una disfuncid executiva, especialment amb problemes en el control emocional,
en la flexibilitat i en la iniciativa. Els professionals que atenen a les persones amb DT1
haurien de tenir en compte els factors associats a les ACA, ja que podrien ajudar a una
deteccid preco¢. A més, aquests factors poden també ser utils per dissenyar mesures

preventives i de tractament especifics per les ACA en persones amb DT1.
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6 ABSTRACT

Introduction

Disordered eating behaviors (DEB) are frequent in people with type 1 diabetes (T1D),
presenting a prevalence of 8-55%. As in people without T1D, DEB are more frequent
in females than in males and these behaviors are related with depressive symptoms
and family conflict. Among people with T1D, DEB are associated with poor diabetes
self-management and lesser metabolic control. Diabetes management requires meal
planning, carbohydrate counting, regular blood glucose monitoring (BGM) and insulin
administration all of which require proper executive functioning. Among people with
T1D, executive function (EF) problems are associated with poor metabolic control and

DEB.
Aims

Study 1: To assess the prevalence of DEB in a sample of adolescents with T1D, and to
describe and compare demographic, biomedical, and psychosocial characteristics

according to the number of DEB.

Study 2: To examine the association between EF problems, informed by teens and
parents, and the number of DEB in a sample of teens with T1D. To assess the
relationship between the number of DEB and the behavioral dysregulation, specially

related to flexibility and emotional control.
Methods

Both are cross-sectional studies in adolescents (13-17 years old) with T1D. Study 1 was
composed of 178 teens (48% girls) and Study 2 of 169 adolescents (46% girls) and 168

parents.

Study 1: Demographic and diabetes management data on the teen participants was
collected through an interview with the adolescents and their parents and a review of

their clinical history. Teens’ weight and height were collected as well as, a blood

20



sample. Youth completed the Diabetes Eating Problem Survey-Revised (DEPS-R),
which is a diabetes-specific tool designed to explore DEB. Teens also completed other
psychosocial surveys including the Diabetes Management Questionnaire, the Glucose
Monitoring Communication Questionnaire, the Diabetes Family Conflict, the Pediatric

Quality of Life Inventory, and the Center for Epidemiologic Studies Depression Scale.

Study 2: DEB were assessed using the DEPS-R. EF was examined by the Behavior Rating
Inventory of Executive Function (BRIEF). Parents completed the parent proxy-report
version and teens the self-report version. The BRIEF has a general score (Global
Executive Composite), two indices (Behavioral Regulation Index and Metacognition
Index), and several clinical scales (emotional control, inhibit, monitor, shift,
organization of materials, plan/organize, task completion, initiate, and working

memory).

In both studies teens were classified in different levels of DEB according the DEPS-R
score: low level if score <10, moderate level if score 10-19, and high level if score >20.
In study 2, the adolescents were classified by the presence (BRIEF score >60) or not

(BRIEF scores <60) of problems in EF.

In study 1, the categorical variable of levels of DEB was used on bivariate analyses
(ANOVA, chi square tests, and Mantel-Haenszel chi-squared tests) and p values <0.01
were considered statistically significant. In study 2, the Mantel-Haenszel chi-square
tests were used to compare percentage of teens with EF problems by level of DEB.

Values p<0.01 were considered statistically significant.
Results

Study 1: 26% of teens had moderate level and 15% had high level of DEB. There were
more females in moderate (62%) and high (65%) level DEB groups than in low level
DEB group (37%) (p=0.003), and there were more obese adolescents in moderate
(13%) and high (27%) level groups than in low level group (4%) (p=0.0003). Regarding

the level of parent studies, there was lower proportion of teens with parents with
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college degree or higher in high level of DEB (50%), than in moderate (62%), and than
in low level of DEB (83%), (p=0.0001). Greater levels of DEB were associated with lower
frequency of daily BGM (p=0.0006), higher levels of glycated hemoglobin (HbA1lc)
(p=0.01), poor treatment adherence (p<0.0001), greater negative affect regarding
BGM (p<0.0001), poorer quality of life (p<0.0001), more depressive symptoms
(p<0.0001), and more diabetes-specific family conflict (p<0.01). There were not

significant differences between the three levels of DEB and age or the use of insulin

pump.

Study 2: According teens’ self-report, there were higher proportion of teens with EF
problems in high (19%) and moderate (18%) level of DEB than in low (2%) level
(p<0.001). Also, according to the teens’ self-report, there was a significantly (p<0.001)
greater percentage of teens with behavioral regulation problems in the groups with
moderate and high levels of DEB than in the group with low level of DEB. No
differences were found by parental report. Regarding EF domains, by teen self-report,
higher levels of DEB were associated with emotional control (p<0.001) and with shift
(p<0.001) clinical scales, and by parent proxy-report greater DEB levels were related

with initiate (p=0.008) clinical scale.
Conclusions

DEB are prevalent among adolescents with T1D and are associated with several
sociodemographic, biomedical, and psychosocial factors. DEB are also associated with
executive dysfunction, especially problems with emotional control, flexibility, and
initiate. A greater awareness of the factors associated with DEB could contribute to
early detection of DEB and may also inform efforts to design tailored preventive

measures and specific treatments.
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7 INTRODUCTION

7.1 DISORDERED EATING BEHAVIOR IN THE GENERAL POPULATION

7.1.1 Definition

Eating behavior can be understood as a continuum, ranging from healthy
eating/diet at one extreme to an opposite extreme of eating disorders (ED). Between
these two poles, there are disordered eating behaviors (DEB) *. DEB are eating-related
problems, for weight control, that do not meet the severity criteria to be considered

an eating disorder 2.

Unhealthy eating behaviors

A

-

Disordered

MERiEldlet eating behaviors

Figure 1. Continuum of eating behavior.

Note: figure created by Cecilia-Costa R, Volkening L and Laffel L.

DEB may include dieting, food selection and/or restriction, meal skipping,
fasting, binge-eating, hyperactivity or intense exercise, and purging behaviors such as

abuse of diuretics or laxatives and self-induced vomiting 2.

7.1.2 Prevalence

The prevalence of DEB in adolescents is around 31%-32% 3*. These behaviors
are more frequent in females (15-57%) than in males (11-34%)3-1° and they are more
common in older than in younger adolescents #°. Table 1 shows the prevalence of

different types of DEB by sex 3°21112,
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Table 1. Prevalence of different types of DEB by sex.

Type of DEB prevalence | % Female | % Male References

Binge eating 8-37 6-25 Croll, 2002; Harrison, 2019; Streigel-
Moor, 2009; Forbush, 2007

Fasting 6-37 4-14 Streigel-Moor, 2009; Jankauskiene,
2019; Forbush, 2007

Skipping meals 52 20 Jankauskiene, 2019

Self-induced vomiting 4-10 2-8 Croll, 2002; Harrison, 2019; Streigel-

Moor, 2009; Forbush, 2007

Laxative use 2-7 0-6 Croll, 2002; Streigel-Moor, 2009;
Forbush, 2007

Diuretics use 3-7 1-6 Jankauskiene, 2019; Forbush, 2007

Diet pills use 9 2-6 Croll, 2002; Jankauskiene, 2019

Excessive exercise 6-11 6-15 Streigel-Moor, 2009; Jankauskiene,
2019

Smoking  cigarettes to | 14-18 10-16 Croll, 2002; Jankauskiene, 2019

control hunger

Note: table created by Cecilia-Costa R.

7.1.3 Factors associated with Disordered Eating Behaviors: Sociodemographic

factors

7.1.3.1 Adolescence

Adolescence is a developmental stage marked by physical, psychological, and
social changes *3. During this period, adolescents tend to engage in risky behaviors
such as drug use, unsafe sexual behaviors and unhealthy eating behaviors . Concerns
about body weight and shape are frequent in this period of life, and this can lead to
ED symptoms *°. In the literature, body dissatisfaction during adolescence has been
shown to be predictive of DEB -8 and adult onset of ED **2°, Pressure to be thin, body
dissatisfaction, low self-esteem and poor social support have been identified as

predictors of binge eating (BE) onset in adolescent females 2.
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7.1.3.2 Socioeconomic status

There are discrepant findings in literature on the association between
socioeconomic status (SES) and DEB. While some authors did not find significant
differences 2223, others found that higher SES was associated with more DEB 242> or

even the opposite, that DEB were associated with lower SES 2627,

7.1.4 Factors associated with Disordered Eating Behaviors: Biomedical factors

7.1.4.1 Weight status

DEB are more frequent among teens with overweight and obesity than
adolescents with normal weight #%2839 or underweight #2°3°, Among a sample of
adolescents, DEB were present in 50% of teens with obesity and 46% of teens with
overweight, compared to 35% of teens with normal weight and 35% with underweight
4. Regarding the types of DEB, self-induced vomiting is more prevalent in overweight
(12%) than in the normal-weight group (5%) °. In addition, the tendency to lose control
over food was more common in girls (61%) and boys (39%) with obesity than among
females (33%) and males (12%) with normal-weight or among females (12%) and
males (9%) with underweight ®. Lipson et al. 3! observed that youth with overweight
or obesity were more likely to have elevated ED risk than those with normal weight. In
this adolescent sample, weight status was the most important predictor of ED risk. A
longitudinal correlation has also been reported between body mass index (BMI) and
DEB prevalence from childhood to adolescence, suggesting that premorbid high BMI
may be a risk factor for subsequent ED symptoms 32. Another longitudinal study
assessing BMI and DEB showed that those who have never been overweight have the
lowest rates of DEB, while those who gradually gained weight tended to present higher
rates of DEB 3.

People with DEB have elevated BMI and a higher risk to develop overweight or
obesity 3*%, In a recent study, BMI was graded by the number of DEB reported: mean

BMI in females at baseline were 21,22,23 kg/m? with 0, 1, >2 DEB, respectively, and
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mean BMI in males were 22, 23, 26 kg/m? with 0, 1, >2 DEB °. In the same study, but
upon a 15-years follow-up measurement, youth with DEB at baseline scored higher for
BMI at each measurement point than those who had not reported DEB at baseline 1°.
In another longitudinal study, young adults with DEB had higher weight and BMI upon
a seven-year follow-up assessment than those without DEB 3. Neumark-Sztainer * et
al. found that dieting predicted subsequent weight gain and BMI status in a follow-up

assessment after five years.

7.1.5 Factors associated with Disordered Eating Behaviors: Psychosocial and

neuropsychological factors

7.1.5.1 Family environment

Weight-related conversations are frequent among families. 45% of girls report
that their mothers have encouraged them to diet, and 58% say that they have been

37, Family weight talk,

subjected to weight-related teasing by family members
particularly by mothers, has been associated with DEB, and weight-teasing was
associated with body dissatisfaction and DEB in a sample of adolescent females 3.
Weight-teasing by the family was associated with BE and overweight in both females
and males 38 and predicts this behavior after five years 3’. Dieting among mothers is
associated with unhealthy weight control behaviors in adolescent females 3%.
Additionally, maternal ED has been identified as a predictor of concerns about weight
and body dissatisfaction in adolescent females and of dieting in adolescent males 3.
Females with DEB were less satisfied with their family relationships than their peers

without weight control behaviors ?°.

7.1.5.2 Depressive symptoms

The prevalence of depressive symptoms in a sample of adolescents was 23%,
and these symptoms are strongly and positively correlated with DEB. Specifically, the

comorbidity of depressive symptoms and DEB is 10-12% “°. In one study, depressive
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symptoms, body dissatisfaction, pressure to be thin, appearance overvaluation, and
low self-esteem were all found to predict BE two years later 2L, In another study,
depressive symptoms, body dissatisfaction and weight concerns during adolescence
all predicted the development of DEB ten years later 7.

DEB have been significantly associated with low self-esteem and depression 4%
DEB was also tied to depressive symptoms reported in a follow-up assessment five

years later %2,

7.1.5.3 Executive function

Executive functions (EF) are a set of cognitive processes involved in reasoning,
decision-making and other complex behaviors *3. Working memory, emotional control,
and inhibition are examples of EF 44,

EF problems have been associated with DEB, especially those related to
behavioral regulation, such as emotional control, set-shifting, inhibition, and
monitoring #°. Youth with BE or overeating habits had more EF problems than youth
without these behaviors 4. Bulimic symptoms were associated with problems with
inhibition in a non-clinical sample . Among a sample of adolescent females,
difficulties with planning and impulsivity predicted weight gain from middle childhood
to adolescence, and this effect was possibly explained by BE in early adolescence #’.

ED were also associated with executive dysfunction. In a sample of participants
with BE disorder, those with poorer set-shifting abilities tended toward greater loss of
control over eating than those without EF problems “8. In another sample of people
with anorexia and bulimia nervosa, poorer set-shifting was associated with ED
symptoms, especially in binge and purging subtypes, and with a longer duration of
illness 4.

One tool to assess executive function is the Behavior Rating Inventory of
Executive Function (BRIEF) 44°°, There are different versions of the BRIEF depending
on who is to complete the test. For example, there is a teen repot version and a parent

report version. The total BRIEF score is the Global Executive Composite (GEC), which
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is the sum of two indices; the Behavioral Regulation Index (BRI) and Metacognition

Index (MI), both which are made up of several subscales or clinical scales assessing

different EF domains. The BRI includes the emotional control, inhibition, monitoring

(teens version) and shift subscales, and the MI contains the monitoring (parents

version), organization of materials, planning/organizing, task completion (teen

version), initiate (parent version) and working memory subscales °°. All these

components are outlined in figure 2.

Total score N | Global Executive Composite (GEC)=BRI+MI

Indices

Clinical
scales

4

Y

— Behavioral Regulation Index (BRI)

p—
Emotional control
Inhibit
Monitor (teens)
Shift

-—

Metacognition Index (M)

Monitor (parents)

Organization of materials

Plan/organize

Task completion (teens)

Initiate (parents)

Working memory

Figure 2. Behavior Rating Inventory of Executive Function (BRIEF) components.

Note: figure created by Cecilia-Costa R, Hansmann M, Volkening L and Laffel L.

7.1.5.4 Quality of life

Adolescents with DEB had poor quality of life (QoL) as measured in the physical,

psychological, and social dimensions of well-being >1. A systematic review showed a

link between DEB and lower health-related QoL in children and adolescents °2. ED risk

among adolescents was also found associated with low health-related QoL °. ED
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symptoms such as loss of control over food, food thoughts, body dissatisfaction, and
self-induced vomiting were predictive factors of poor QoL °.
In addition, poor physical well-being has been associated with DEB>3. Poor

psychosocial QoL predicted an increase of DEB six months later >4,

7.1.6 Disordered eating behaviors evolution

DEB prevalence tends to remain high or increased over time from adolescence
to adulthood *°. Adolescents with unhealthy weight-control behaviors (fasting,
skipping meals, food restriction, using food substitute, smoking cigarettes to control
hunger) have an increased risk of BE and extreme weight-control behaviors (self-
induced vomiting, taking diet pills, laxatives or diuretics) five years later 3.

Neumark-Sztainer et al. > and Haynos et al. °® conducted a 10-year follow-up
study of DEB evolution by gender, and Haynos et al. looked at the same sample in a
15-year follow-up. The results showed that dieting remained constant in females but
had increased in males after ten years. The additional measurement fifteen years after
the initial assessment showed an increase in dieting among participants of both
genders. High frequency dieting (=5 times/year) had decreased among females but
remained stable among males at the time of the 15-year follow-up. Unhealthy weight
control behaviors decreased slightly in females after ten years and remained stable
after fifteen years, while among males these behaviors remained stable after ten
years, but increased after fifteen years. BE and extreme unhealthy weight control

behaviors increased in both genders at both follow-up assessments.

7.1.7 Development of Eating Disorders

DEB are tied to the development of ED. The presence of DEB in childhood and
adolescence tends to lead to an increased risk of developing an ED in young adulthood.
For example, eating too little or too slowly, struggles with food, and unpleasant meals
in early childhood can all lead to an ED in adolescence and young adulthood °’.

Overeating during childhood is associated with an increased risk of BE disorder in
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adolescence, and undereating during childhood is associated with an increased risk of
anorexia nervosa in adolescent females *. A study by Neumark-Sztainer et al. %
showed that females who reported dieting at baseline assessment were more likely to

report ED five years later than those who were not dieting at baseline.

7.2 TYPE 1 DIABETES

7.2.1 Definition and incidence

Type 1 diabetes (T1D) is a chronic disease characterized by the reduction or
non-production of insulin due to a functional impairment of pancreatic B cells. The
etiopathogenesis of T1D is multifactorial: genetic, autoimmune, and environmental >°.

T1D has an incidence of 15/100.000 inhabitants/year worldwide ©°. The
incidence varies among countries; it is highest in Scandinavian countries (>25
cases/100.000 inhabitants/year), followed by other countries in Europe, the United
States of America, and Australia (10-25 cases/100.000 inhabitants/year), and lowest

61 Data from large

in Asian countries (<5 cases/100.000 inhabitants/year)
epidemiological studies show that the incidence of T1D has increased by 2-5%
worldwide, with the exception of Central American and the Caribbean, where the
trend was a 4% decrease ®2.

In terms of the appearance of T1D throughout people’s lifespan, the incidence

rate of the disease increases from birth to puberty 283, The incidence is greatest in

youth aged 10-14 years and decreased after the age of 14 6364,

7.2.2 Diabetes treatment and metabolic control

T1D is treated with insulin and it must be administrated many times throughout
the day. The goal of the treatment is to keep glycemia close to normal ranges (70-
180mg/dL) . Intensive treatment with insulin to achieve blood glucose levels close
to those of general population is associated with a reduction in diabetes complications

®6-68 |n addition to intensive insulin administration and blood glucose level monitoring,
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proper diet and regular exercise are important to maintain blood glucose levels in
normal ranges ©°.

Long-term blood glucose levels can be assessed by measuring glycated
hemoglobin (HbAlc). Measurements of HbAlc quantifies glucose attached to the
hemoglobin (erythrocytes protein) and give information about the average blood
glucose level over the preceding 2-3 months (erythrocyte life) %71, The American
Diabetes Association (ADA) described the goal of HbAlc of <7.5% (<58mmol/mol) for
youths and <7% (<53mmol/mol) for adults 7°. Among a sample of people with T1D, the
ADA goal was achieved by the 17% of children and adolescents and by the 21% of
adults 72, Data from the literature show that mean HbAlc increases from the ages of 5
to 15-18 and then begins to decrease at age 28 and keeps decreasing beyond the age

of 30 72,

7.2.3 Diabetes complications

Insulin is the hormone that helps keep blood glucose at normal levels, thus a
lack of insulin leads to an increased blood glucose level which is hyperglycemia.
Hyperglycemia affects organ cells, especially in the retina (retinopathy), peripheral
nerves (neuropathy), and renal glomerular cells (nephropathy) which all are
microvascular complications that are specific to diabetes 73. Due to hyperglycemia,
cardiac autoimmunity, and other associated risk factors (dyslipidemia, high blood
pressure, and high body mass index [BMI]), people with T1D are also at increased risk
of macrovascular complications such as coronary heart disease, peripheral vascular
disease, and cerebrovascular disease 74>, Diabetic ketoacidosis is an acute diabetes
complication that emerges due to severe hyperglycemia. It is most common in
adolescents and young adults 72. It has been suggested that poor adherence to insulin
treatment is the most important factor contributing to long-term poor glycemic

control and diabetes ketoacidosis in youth ’°.
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7.2.4 Diabetes treatment adherence and factors associated

Self-management of T1D is challenging, as it involves frequent blood glucose
monitoring (BGM), proper insulin dose administration, meal planning and
carbohydrate counting. These activities require appropriate diabetes self-
management education, good cognitive functioning and psychosocial well-being 77
Diabetes treatment adherence could be assessed by the Diabetes Management

Questionnaire which is a tool with 20 items related with the treatment diabetes tasks

78

7.2.4.1 Adolescence

The epidemiological, pathophysiological, therapy response, and developmental
stage characteristics of child and adolescent diabetes should be considered when
making decisions about diabetes care 7°.

Adolescence is a developmental stage when youth acquire maturity and
competencies for self-care and independence from their parents. When diabetes
responsibility is transferred from parents to youth without sufficient teen autonomy,
the result can be worsened HbA1c levels &. Teenagers with T1D tend to present poor
treatment adherence and deteriorated metabolic control .. Parental support for
diabetes management in adolescents has been linked to better adherence to
treatment 8%, Family-based psychoeducational interventions are an effective way to
encourage better parent involvement in diabetes management and attain improved
HbA1c levels in youth 82

Among adolescents, there is a high prevalence of anxiety, mood symptoms and
disordered eating behaviors (DEB), all of which can affect diabetes treatment
adherence 8. Psychosocial support ® and positive motivational interviews & have the

potential to promote diabetes treatment adherence in adolescents and young adults.
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7.2.4.2 Socioeconomic status

Among children and adolescents with T1D, lower socioeconomic status (SES)
was related to poorer diabetes outcomes such as a lesser frequency of glucose
monitoring and higher blood HbAlc levels 8. Children and teens who live in social
deprived areas have higher HbA1lc than those who do not live in such areas 8. Higher
levels of SES or of parental education are both associated with a greater tendency to

meet HbA1c targets .

7.2.4.3 Family environment

The term diabetes family conflict refers to parent-teen divergences around
diabetes-specific tasks such as BGM, insulin administration and medical appointments
87 The level of this conflict could be measured through the Diabetes Family Conflict
Scale which contains items exploring family conflict related with diabetes-specific
tasks 8. Higher levels of family conflict are associated with poorer glycemic control as
assessed using HbA1c # and with higher levels of psychological distress in parents and
youth &,

Diabetes family conflict has also been tied to negative youth and family affect
with regard to BGM °°, Affect regarding BGM refers to emotions experienced in
connection with glycemic levels when checking blood glucose levels, such as feeling
frustrated or scared when levels of glycemia are high or low. This negative affect could
be assessed by the Blood Glucose Monitoring Communication Questionnaire. The
negative affect related with BGM is associated with poor glycemic control and poor

quality of life *°.

7.2.4.4 Executive function

%1, Diabetes self-

Neurological development is essential for health care
management requires problem-solving abilities, planning, and self-control, and all of
them require proper executive functioning. During adolescence, a time when diabetes

treatment adherence and management generally worsen 72, executive function (EF)
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continues to mature °1. The prevalence of EF problems, as reported by parents, in
adolescents with T1D ranges from 11% to 19% °2.

Among people with T1D, EF problems are associated with lower levels of

92-94 -96

treatment adherence , poorer glycemic control °>7¢, poorer quality of life °2 and

somatic problems %’.

7.2.4.5 Psychological symptoms and psychiatric disorders

Adolescents with T1D are more likely to present psychological symptoms than

those without diabetes °8

. In a study comparing a sample of young adults with
childhood onset T1D with a matched cohort without diabetes, Cooper et al. *° found
that 14% of people with diabetes met the criteria for a psychiatric disorder, compared
to only 6% of those without diabetes. Anxiety, eating, mood, personality, and behavior
disorders were more frequent among people with diabetes than in people without
diabetes %°. In two systematic reviews, the prevalence of clinical depression among
individuals with T1D was 12%, while in individuals without diabetes was 3% 100101,

Adolescents with depressive symptoms have been shown to display infrequent
BGM 1027104 'high levels of HbA1lc 193194, and a high risk of hospitalization for diabetes
complications 1%, Internalizing disorders, such as depressive and anxiety disorders, are
associated with repeated hospitalizations for diabetes in adolescents 1%,

Psychiatric disorders are frequent in teens with chronically poor glycemic

control, especially among those who have experienced at least one serious

hypoglycemic episode %7,

7.3 DISORDERED EATING BEHAVIORS IN TYPE 1 DIABETES

Disordered eating behaviors (DEB) and eating disorders (ED) are more prevalent
among people with type 1 diabetes (T1D) than among those without diabetes. In a
sample of female teens, 14% of those with T1D had DEB and 10% had ED, while in a
control group, 8% and 4% presented these behaviors respectively %, In a longitudinal

study, people who had been diagnosed with T1D in childhood had a greater cumulative
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incidence of ED (1.3%) than those without diabetes (0.3%) . Adolescents with T1D
tend to have more bulimic symptoms and a greater drive for thinness and body
dissatisfaction than those without diabetes 1. For the majority (94%) of people with
T1D and ED, diabetes was diagnosticated before ED %0, In a study detecting ED in
people with diabetes, the distribution of types of ED among people with T1D was: 30%
bulimia nervosa, 25% binge eating disorder, 17% anorexia nervosa and 28% ED not

otherwise specified 12

7.3.1 Screening for Disordered Eating Behaviors in people with type 1 diabetes

Identifying DEB in people with T1D is challenging, as there are potential
confounders that must be considered. These confounders include attitudes as part of
the treatment (carbohydrate counting), phenomena as part of the disease
(dysregulation of satiety), and adverse effects of the treatment (excessive hunger) %2,
The etiology and motivation of the behavior should be considered. For example,
missing insulin injection due to suboptimal self-management differs from intentional
insulin omission for the purposes of weight control 13,

There are questionnaires designed to screen for DEB and ED in the general
population, but these tools may not be appropriate for assessing DEB or ED in people
with T1D due to the latter characteristics. Using general questionnaires in people with
T1D could result in false positives, as many questions touch on food and diet practices
that are in fact appropriate behaviors in people with T1D. Symptoms related to high
blood glucose levels due to poor diabetes management, like weight loss, frequent
water intake, and poor energy could be misidentified as DEB using these general
qguestionnaires. In addition, using general scales among people with T1D can
sometimes also result in false negatives, because they could restrict or omit insulin as
a purging behavior, a behavior which is not assessed by general population screening
questionnaires 114115,

The Diabetes Eating Problem Survey Revised (DEPS-R) is a specially designed

questionnaire to screen for DEB in people with T1D and recommended for the
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American Diabetes Association (ADA) 77. The DEPS-R is made up of 16 items. It features
both general and diabetes-specific questions to assess DEB, and it includes items on
insulin restriction and omission (Table 2) 6. DEPS-R is the main tool used in the

present thesis and the questions included are listed below:

1. Losing weight is an important goal to me

| skip meals and/or snacks

Other people have told me that my eating is out of control

When | overeat, | don’t take enough insulin to cover the food

| eat more when | am alone than when | am with others

o v B W N

| feel that it’s difficult to lose weight and control my diabetes at the same
time
| avoid checking my blood sugar when | feel like it is out of range

N

8. | make myself vomit

9. Itryto keep my blood sugar high so that | will lose weight

10. | try to eat to the point of spilling ketones in my urine

11. | feel fat when | take all of my insulin

12. Other people tell me to take better care of my diabetes

13. After | overeat, | skip my next insulin dose

14. | feel that my eating is out of control

15. | alternate between eating very little and eating huge amounts

16. | would rather be thin than have good control of my diabetes

Table 2. Disordered Eating Behavior Revised (DEPS-R) items 11,

DEPS-R questions are answered on a six-point Likert scale (0 = never, 1 = rarely, 2 =
sometimes, 3 = often, 4 = usually, 5 = always,) and the total score is the sum of all
responses. Total scores range from 0 to 80 where higher scores indicate a greater
presence of DEB. The validated cut-off score of 220 indicates a high level of DEB and

the need for additional evaluation 11°,
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7.3.2 Prevalence of Disordered Eating Behaviors in people with type 1

diabetes

The prevalence of DEB in people with T1D has been found to range from 8% to
55%, depending on the definition adopted and the method used to assess DEB
108,109,125,117-124 'In samples of adolescents and young adults, where DEB were assessed
using the DEPS-R, 18-38% scored above the cut-off of >20 109.119-121,124-127 (Tg e 3),

As is the case in people without T1D, DEB in people with this disease occurs
more often in females than in males. DEB among people with T1D has been seen to
range from 13% to 50% in females and from 9% to 27% in males 14117,119-121,125126 pEp

are also more common in older than in younger adolescents 119128129 The prevalence

of DEB range from 8% at 11-13 years old group to 38% at 17-19 years old group %°.

As mentioned above, DEB in people with insulin-treated diabetes, mainly T1D,
have the potential for a unique purging behavior, namely, insulin omission or
restriction. The prevalence of insulin manipulation for weight control in people with
insulin-treated diabetes is 17-18% ?°13°, In adolescents with T1D, the prevalence of
insulin restriction is 32%, and the prevalence of insulin omission after overeating is 7%
119 'Insulin manipulation for weight control is also more frequent in females than in
males 114117 while 10% of females referred skipping insulin and 7% of females referred
to taking less insulin for weight control, only 1% of males reported these behaviors 117,
Findings as to the prevalence of insulin misuse among females with T1D range from 7
to 36% 108117.119,131-133 | study of people in treatment for ED, 90% of those with T1D

presented insulin manipulation for weight control 34,
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7.3.3 Factors associated with Disordered Eating Behaviors: Sociodemographic

factors

7.3.3.1 Adolescence

As in the general population, for people with T1D adolescence is a
developmental stage associated with worsened self-care, risky behaviors such as
unhealthy eating and an increased risk of developing psychological disorders 3.

Among people with T1D, DEB have been shown to be more prevalent in teens

129 3nd in older adolescents than younger ones %124, Literature put

than in preteens
DEB prevalence at 16% in those aged 10-14 and 25% in youth aged 15-19 1?4, Self-
induced vomiting is more frequent from the ages of 14 to 21 and insulin restriction

from 18 to 27 1.

7.3.3.2 Socioeconomic status

In studies of adolescents with T1D, DEB have been associated with lower
socioeconomic status (SES) 126136, For example, binge eating is more frequent among
adolescents with a lower social level ¥’. The authors of one such study suggest that

lower levels of parental education and/or occupation could be a sign of risk for DEB

126

7.3.4 Factors associated with Disordered Eating Behaviors: Biomedical factors

7.3.4.1 Weight status

DEB prevalence, assessed by the DEPS-R, has been shown to increase with body
mass index (BMI) 11138 Wisting et al. 1*° found a DEB prevalence among females of
9% in underweight, 23% for normal weight, 42% in overweight, and 53% in obese; and
among males 6-7% in underweight and normal weight, 15% for both overweight and
obese. Another author found a DEB prevalence of 21% in healthy weight group while

the prevalence increased to 37% in an overweight/obesity group 132, In a prospective
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study by Markowitz et al. 13%, people with overweight/obesity scored higher on the
DEPS-R than those with normal weight in all study assessments (Table 3). Binge eating
(BE) is more prevalent in youth with obesity (61%) than in youth with normal or
underweight (47%) 124 . In addition, an elevated BMI has been found to be associated
with the onset %0 and the persistence and worsening of DEB *!. In study among
adolescent females who reported having been overweight at least once in their lives

presented more DEB than those who reported never having been overweight 42,

Individuals with T1D and DEB are more likely to have a higher BMI than those
without DEB 124125143 Among a sample of adolescents with T1D those at risk for
disordered eating presented a prevalence of overweight/obesity of 59%, versus 41%
in those at low risk for disordered eating group %4 In a longitudinal study, those with

DEB have higher BMI five years later 14°.

7.3.5 Factors associated with Disordered Eating Behaviors: Type 1 Diabetes

Chronic illnesses have been associated with DEB %, Living with a chronic
disease may lead to distress. Diabetes distress is an emotional condition that arises
from living with and managing diabetes. People with diabetes often feel angry, scared,
guilty, depressed, overwhelmed, rejected, burdened by diabetes and the self-
management responsibilities that come with it, and concerned about diabetes

147 Individuals with diabetes distress present more depressive and

complications
eating-related symptoms, and more shape and weight concerns, than those without
diabetes distress 18 . Diabetes distress is associated with overeating 14° .

DEB have also been associated with diabetes distress 14°. Females who have
stopped engaging in insulin restriction have reported some relief of diabetes distress
150-

Moreover, a disease like T1D that requires a consistent focus on the diet may
increase susceptibility to developing DEB 1152 | Diabetes management demands a
focus on food, diet, and carbohydrate counting °. A model by Goebel-Fabbri et al.

153154 "suggests that main goals of diabetes treatment, for example glycemia near to
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normal levels, could be associated with perfectionism and frustration related to blood
glucose ranges and also feeling deprived of food choices, which may lead to disordered

eating (Figure 3).

Diabetes Treatment Goals:

e Glycemia near normal levels
e Carbohydrate counting
e Meal planning and portion control

/\

Perfectionism and frustration Weight gain or higher body Perception of limitation in food
in relation to blood glucose index associated with insulin choice, diet restriction, binge
ranges and weight treatment and/or diabetes eating
Depressive symptoms and/or Body shape or/and weight
poor self-care dissatisfaction and fear of weight gain
A I
v
Hypoglycemia and high P | Insulin omission or restriction for
glycated hemoglobin A weight control

Figure 3. Model of disordered eating in type 1 diabetes by Goebel-Fabbri el al., 1>3.

Note: figure adapted from Goebel-Fabbri et al., 2009.

In addition, the introduction of insulin treatment and the improvement of
metabolic control have been associated with weight gain °°. Fear of further weight
gain related to T1D treatment can lead to insulin manipulation or other DEB for weight
control 137155 In a sample of females with T1D, insulin restriction has been associated
with fear that improving glycemic levels would lead to a weight gain **°. In another
study, a sample of adults with T1D reported body image concerns due to the
difficulties to control and/or lose weight implied with the insulin treatment ¢, A

model created by Daneman et al. > suggest that insulin-related weight gain, as well
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as diabetes-specific nutritional attention and feeling different due to the disease, are

all specific vulnerabilities of disordered eating among people with T1D (Figure 4).

Diabetes-specific vulnerabilities:

e Weight gain
e Focuson diet
e Feeling different

Individual, family,
and social factors

Principal features of eating disorders: Disordered eating behaviors:

e Body dissatisfaction e Dieting
e Desire for thinness

e Diet restriction

e Binge eating

e Insulin manipulation

Diabetes-specific outcomes:

e Poor metabolic control
e Diabetes complications

Figure 4. Model of disordered eating in type 1 diabetes by Daneman et al., 1*°.

Note: figure adapted from Daneman et al., 2002.

Regarding technology use in T1D, insulin pump initiation was found to decrease
the number of DEB six month later 13°. In addition, a recent review concluded that the
use of the continuous glucose monitor can help to detect insulin restriction and that

the use of the insulin pump could provide benefits with regard to disordered eating
157
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DEB are associated with high levels of glycated hemoglobin (HbAlc)

117,119,120,125,131,138,144,150,158 144

, less frequent blood glucose monitoring ***, and poor
diabetes treatment adherencel**1°%158 Colman et al. 1°8 found that high levels of DEB,
as assessed by DEPS-R, were associated with poor diabetes adherence assessed by the
Diabetes Management Questionnaire (Table 3). In longitudinal study among women
with T1D was found that those who stopped engaging in insulin restriction reported
fewer problems with diabetes management and better diabetes self-care **°. In case-
control study among women with T1D, the researchers found that the group with DEB
were more time in hyperglycemia than the group without DEB **° (Taula 3). Among
people with T1D, DEB have also been linked to diabetes complications such as diabetic

ketoacidosis, hypoglycemia episodes, neuropathy, and nephropathy 241281317133 " 5¢

well as with early mortality 132,

7.3.6 Factors associated with Disordered Eating Behaviors: Psychosocial and

neuropsychological factors

7.3.6.1 Family environment

Family conflict related to diabetes tasks had been found to be associated with
DEB 160161 (Table 3). Also, negative family eating environment have been linked to DEB
among teens with T1D 10 (Table 3). Markowitz et al. 11 found that DEPS-R scores were
positively correlated with scores for Diabetes Family Conflict and Glucose Monitoring
Communication Questionnaire. Families of adolescent females with T1D and DEB are
more likely to have poor meal structure, infrequent family meals and to make negative
comments about eating and weight than those without DEB 2, A correlation was
found between maternal weight and body shape concerns and unhealthy eating

attitudes on adolescents 163, Family cohesion is inversely associated with DEB %7,
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7.3.6.2 Depressive symptoms

Depressive symptoms tend to be highly prevalent among people with T1D, and
these psychological comorbidities have been associated with DEB. In a sample of
adults with T1D, the prevalence of depression was 6% and it was associated with high
presence of DEB 1?2 (Table 3). In a recent study of adolescents with T1D, 61% presented
negative affect (depressive and anxiety symptoms), and the presence of these
symptoms was associated with higher level of DEB %’ (Table 3). In a sample of youth
with T1D, 15% screened positive for at least two instruments assessing anxiety,
depression, or/and eating behavior %% Depressive symptoms and low self-esteem
have been shown to increase the risk of DEB onset % and the persistence and
worsening of DEB '*! in females with T1D.

Among adolescents with T1D, those with DEB present fewer positive attitudes
towards life, less joy in life, and greater tendency for depressive mood than those
without DEB 3, In study of women with T1D it was found that those with DEB had

higher frequency of negative emotions than those without DEB **° (Taula 3).

7.3.6.3 Executive function

There is limited research on the association between executive function (EF)
problems and DEB in people with T1D. However, there is one study with a sample of
young adults with T1D, where the score of EF measure (BRIEF) was the most important
factor related to the DEB measure (DEPS-R), while in the comparative sample of young
adults without diabetes, mood symptoms were the most important variable
associated with DEB. The same study showed that the problems with shifting and
planning/organizing were the executive function domains associated with DEB 16°
(Table 3). In another study, Young-Hyman et al. % found that a lack of emotional

regulation was related to bulimic symptoms.
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7.3.6.4 Quality of life

Adults, youth, and adolescents with T1D and DEB have a poorer physical and
psychosocial quality of life (QolL) than those without DEB 24143, Among adolescents
with T1D, those with a desire to lose weight were more likely to present DEB and
displayed poorer QoL than those without the desire to lose weight %7, People with T1D
and DEB have more depressive symptoms and a poorer QoL comping to those without

DEB 124,143-

7.3.7 Levels of Disordered Eating Behaviors in type 1 diabetes

Certain authors who have assessed DEB in people with T1D have defined three
levels of DEB 131163168 For example, Rydall et al. 3!, described three categories
depending on the frequency and the number of DEB; highly disordered eating behavior
(=1 DEB, twice/week), moderately disordered eating behavior (>1 DEB, twice/month),
and nondisordered eating behavior (<1 DEB, <twice/month). The assessment of these
three levels allowed the researchers to define the characteristics of the moderate
group3163.168 At phaseline in the Rydall et al. longitudinal study, HbA1lc levels in the
moderately disordered eating behavior group (8.9+1.7%) were between the highly
disordered eating behavior group (11.1+1.2%) and the nondisordered eating behavior
group (8.7£1.6%). At five-year follow-up, 43% of the moderately disordered eating
behavior group had retinopathy, while 86% of the people in highly disordered group
and 24% of people in nondisordered eating behavior group presented this diabetes

complication 131,

7.3.8 Disordered Eating Behaviors Progression

DEB tends to persist, worsen or progress to clinical ED 123:128131,133,145150 gnd
when remissions happen, DEB tend to be followed by relapses 1?8, Females are more
likely to have persistent DEB than males. In a study with a follow-up after three years,
29% of females and 14% of males with T1D were found to maintain DEB 1%, In a

sample of girls with T1D, 92% of those who reported DEB at the beginning of the study
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continued to present these behaviors after five years 14°, and in another study of
women with T1D 67% persisted in misusing insulin after eleven years **°. In study
among girls and women with T1D, in those who presented DEB remission, presented

a recurrence rate of 71% 128,

7.3.9 Development of Eating disorders

As mentioned previously, DEB are associated with the development of ED and,
as DEB, ED are also associated with recurrences when remission happen. In a
longitudinal study assessing the incidence, remission, and recurrence rate of ED
among females with T1D over 14-years of follow-up, Colton et al. *? observed an

incidence of 39%, and although 70% of DEB remitted, 60% recurred.

ED in T1D are associated with poor metabolic control, diabetes complications
and poor ED treatment adherence. Individuals with T1D and ED presented higher
levels of HbA1c 1°8189 and higher rates of hypoglycemia and hospitalization than those
without ED %, People with T1D and bulimia nervosa presented a higher risk of
retinopathy than those without ED !%°. Among people in treatment for ED, those with
T1D presented higher dropout rates from therapy and lower rates of remission

compared with those without T1D 134,

Due to the high prevalence of DEB among adolescents with T1D and the
associations with diabetes complications and the development of ED it is important to
study the factors related to DEB in this population. More information about the factors
associated with DEB among adolescents with T1D could be useful in terms of early
detection and could help in the design of preventive measures and treatment tailored

to this specific risk population.
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The following table (Table 3) summarizes the literature detailed in this introduction
about the prevalence and associated factors of DEB, measured through DEPS-R,

among individuals with T1D.

46



Table 3: Summary of prior studies on the prevalence of DEB, assessed by Diabetes Eating Problem Survey Revised (DEPS-R), and

associated factors among people with type 1 diabetes.

factors with DEB in
adolescents with T1D

Study Type 1 diabetes | Comparison | Study The main purpose | Main tools Main results
(T1D) sample group design of the study
Araia et al., | 477 adolescents No Cross- To examine the | -DEPS-R 38% of the sample (50% of females and 18% of males)
2017 (mean age 16 years sectional prevalence of DEB had DEB (DEPS-R scores >20)
old) and gender
differences
Broadley et | 74 young adults 201 controls | Case-control To examine the | -DEPS-R -Poor executive function, assessed by BRIEF, was
al.,, 2018 15 | (mean age 25 years | without study association between | -Eating Disorders | associated with significantly more DEB in the T1D
old) diabetes EF and DEB in young | Examination group
adults with T1D, and | Questionnaire -The most important factor associated with DEB was
to compare with a | -Behavior Rating | BRIEF score among T1D group while for the group
group without T1D Inventory of | without diabetes was the negative mood
Executive
Function (BRIEF)
Caccavale 151 teens (mean | No Cross- To study associations | -DEPS-R -Both parents and teens reported that family conflict
et al., 2015 | age 15.6 years old) sectional of DEB with factors | -Diabetes Family | was associated with DEB
160 with T1D and their associated with | Responsibility -Teens reported that family eating environment was
parents family eating | Questionnaire associated with DEB
environment and | -Diabetes family
diabetes conflict scale
management
behaviors
Cherubini 163 youth (11-20 | No Cross- To examine the | -DEPS-R -The prevalence of DEB, assessed by DEPS-R (scores
et al.,, 2018 | years old) sectional association of >20), was 34,4%. By sex: 41.7% in females and 26.6%
126 metabolic, clinical, in males
and socioeconomic -DEPS-R > 20 was associated with overweight, low

socioeconomic status, high HbAlc, avoidance of
insulin administration
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Study Type 1 diabetes | Comparison | Study The main purpose | Main tools Main results
(T1D) sample group design of the study
Colman et | 136 youth (mean | No Longitudinal To study the | -DEPS-R -DEB was associated with higher
al.,, 2018 8 | age 13.8) association of DEB | -Diabetes HbA1c (P = 0.001) and with poor
with glycemic control | Management diabetes adherence (P = 0.03)
measures Questionnaire
Doyle et al., | 27 women and 33 | No Cross- To assess the | DEPS-R -23% of the whole sample; 27% of women and 18% of
2017 1% men (age range sectional prevalence men presented DEB (DEPS-R scores of >20)
2142.5 years) of DEB in both men -DEPS-R scores were significantly correlated with
and women with T1D HbA1c level (r=0.55, p=.001) and BMI (r=0.27, p<.05)
Markowitz | 43 youth (10-17 | No Prospective To assess DEB | DEPS-R -Overweight/obese youth screened higher on the
et al., 2013 | years old) prevalence and DEPS-R than those with normal weight (p<0.02)
139 associated  factors -BMI was correlated with DEPS-R scores over time (all
after pump therapy r=0.48, p=0.003)
implementation -The initiation of insulin pump was associated with a
decrease of DEB
Nip et al., | 2,156 youth and | No Cross- To examine the | DEPS-R -DEB (DEPS-R scores >20) were observed in 21.2% of
2019 1% young adults sectional prevalence of DEB participants with T1D and 50.3% of participants with

(mean age
17.7+4.3 years)
with T1D and 149
youth and young
adults (mean age
21.843.5 years)

with type 2
diabetes who were
receiving

insulin therapy

and its

associations with
glycemic control and
psychosocial
functioning

type 2 diabetes

-Prevalence of DEB in both T1D and type 2 diabetes
was highest in the 15-19-year-old group (24.9%) than
in those aged 1014 years (16%)

-Among youth with T1D, binge eating was reported by
60.9% of participants with obesity and 47.2% of
participants with normal or underweight

-For both types of diabetes, those with DEB had a
higher BMI, more depressive symptoms, poorer
quality of life, and more hypoglycemic and
ketoacidosis episodes than those without DEB
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Study Type 1 diabetes | Comparison | Study The main purpose | Main tools Main results
(T1D) sample group design of the study
Rama et al., | 13 women (median | 10 women | Case-control To explore the | -DEPS-R -The DEB group had a significantly higher frequency
2021 1° age 25 years) with | (median age | study emotional state of | -Diabetes of negative emotions/week than the group
TID and self- | 29.5  years) women with T1D and | Distress Scale without DEB (p=0.030)
declared DEB with T1D to compare those | -Yale Food | -The DEB group spend more time with hyperglycemia
without DEB with DEB between | Addiction Scale than the group without DEB (p=0.015)
those without DEB
Rose et al., | 100 teen-caregiver | No Cross- To examine the | -DEPS-R -25% of teens presented DEB (DEPS-R scores 220)
2020 %7 pairs (teen mean sectional association between | - The Patient- -61% of teens reported negative affect (depression
age 14.02+1.78 DEB and negative | Reported and anxiety symptoms)
years) affect Outcome -Higher negative affect scores and female gender
Measurement were associated with higher DEPS-R scores
Information
System
Ryman et | 116 teens (12-17 | No Cross- To assess if diabetes | -DEPS-R -Teens with DEB (DEPS-R scores 220) had high family
al.,, 2019 ¢! | years old) sectional family conflict was | -Diabetes Family | conflict in diabetes management according to both
associated with DEB Conflict Scale parents and teens reports (both p <0.001)
Troncone 183 teens (13-18 | 183 controls | Cross- To examine DEB in | -DEPS-R -37,7% of the adolescents with T1D prese5nted DEB
et al., 2020 | years old) without sectional teens with TID and to | -Eating Disorder | (DEPS-R scores >20) and had more eating problems
109 diabetes compare with peers | Inventory 3 than peers without T1D
without T1D
Troncone 690 teens (mean | No Cross- To assess the | -DEPS-R -28.1% (35% girls, 21% boys) had DEPS-R score > 20
et al.,, 2022 | age 14.97+1.81) sectional prevalence of DEB | -Youth self-report | -Girls had higher DEPS-R total scores than boys (p <
125 and to demographic, .0001)
clinical, and -Teens with DEB had higher zBMI (p < .0001) and
psychological HbA1c (p <.0001)
differences among -Adolescents with DEB presented more emotional
adolescents with and and behavioral problems (both internalizing and
without DEB externalizing) than those without DEB (all p <.0001)
Watt et al., | 199 adults (18-65 No Cross- To assess the | -DEPS-R -The prevalence of DEB increased with BMI, from
2021 138 years old) sectional prevalence of DEB 21,3% in the normal BMI group to 37,1% in the

and associated

factors

overweight/obese group (p=0.02)
-High level of DEB (DEPS-R of >20) was associated
with high HbAlc (p<0.001)
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Study Type 1 diabetes | Comparison | Study The main purpose | Main tools Results
sample group design of the study
Wisting et | 770 youth (11-19 | No Cross- To examine the | -DEPS-R -18% of the whole sample; 27.7% of the females and
al.,, 2013 ' | years old) sectional prevalence of DEB, 8.6% of the males presented DEB (DEPS-R >20)
insulin -31.6% of insulin restriction, and 6.9% of insulin
restriction and omission
omission among -The prevalence went from 8.1% at ages 11-13 group
youth with T1D to 38.1% at ages 17-109.
-The range was from 7.2% in the underweight group
to 32.7% in the obese group
-People with DEB and insulin restriction had
significantly higher HbAlc than those without these
behaviors (p<0.001)
Wisting et | 282 adults (18-79 | No Cross- To assess the | -DEPS-R -20.3% of the whole sample (24.8% of females and
al., 2018 122 | years old) sectional prevalence of DEB | -Hospital Anxiety | 13.3% of males) had DEB (DEPS-R scores >20)
and symptoms of | and Depression | -The prevalence for anxiety was 19.0%, and for
depression and | Scale depression was 6.2%
anxiety among adults -Significant associations were found between
with T1D symptoms of eating disorder, anxiety, and
depression, with correlation coefficients ranging from
0.47 (p<0.001) to 0.68 (p<0.001) in females, and 0.39
(p<0.001) to 0.61 (p<0.001) in males

Abbreviations: BMI Body Mass Index, BRIEF Behavior Rating Inventory of Executive Function; DEB Disordered Eating Behaviors, DEPS-R Diabetes Eating Problems Survey
Revised, HbA1lc Glycated Hemoglobin, T1D Type 1 Diabetes. Note: table created by Cecilia-Costa, R.
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8 HYPOTHESES

e Disordered eating behaviors (DEB) would range from 15 to 30% in a sample of

adolescents with type 1 diabetes (T1D)

e Hypotheses related to sociodemographic factors:

o

There would be a higher percentage of females than males with higher
levels of DEB

The adolescents with higher levels of DEB would be older than those with
lower levels of DEB

There would be a higher percentage of adolescents with parents with a

college degree or higher in lower levels of DEB

e Hypotheses associated with biomedical factors:

o

O

o

o

There would be a higher percentage of overweight/obese teens with
higher levels of DEB

Adolescents with higher levels of DEB would monitor their blood glucose
concentration less frequently than those with lower levels of DEB
Teens with higher levels of DEB would have higher blood glycated
hemoglobin concentration than those with lower levels of DEB
Teenagers using insulin pump would represent a lower percentage in

higher levels of DEB

e Hypotheses related to psychosocial factors:

o

O

Teens with higher levels of DEB would have poor diabetes treatment
adherence

There would be higher negative affect regarding blood glucose
monitoring in adolescents with higher levels of DEB than those with
lower levels of DEB

Diabetes-specific family conflict would be more frequent among teens

with higher levels of DEB
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o

(@]

Depressive symptoms would be more frequent in adolescents with

higher levels of DEB

Higher levels of DEB would be associated with poorer quality of life

e Hypotheses related to neuropsychological factors:

O

In a sample of adolescents with T1D, DEB would be associated with
general executive function (EF) problems, as measured by both self and

parental report

There would be a higher percentage of teenagers with behavioral
dysregulation with higher levels of DEB

Teens with higher levels of DEB would have more problems in emotional

control and shift than those with lower levels of DEB
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9 AIMS

GENERAL AIMS

The overall aims of this thesis are to assess the prevalence of disordered eating
behaviors (DEB) and to study factors associated with DEB in a sample of adolescents
with type 1 diabetes (T1D). In particular, these studies have sought to investigate the
association of DEB with sociodemographic, biomedical and psychosocial factors (Study
1) and with problems in general executive function (EF) and specific EF domains (Study

2).

SPECIFIC AIMS

e To assess the prevalence of DEB in a sample of adolescents with T1D
e Aims related to sociodemographic characteristics:
o To study the sex distribution by level of DEB
o To study the age distribution by level of DEB
o To assess parental education distribution by level of DEB
e Aims associated with biomedical outcomes:
o To examine the weight status distribution by DEB level
o To study the blood glucose monitoring frequency distribution by level of
DEB
o To explore glycated hemoglobin distribution by level of DEB
o To study the insulin pump use distribution by level of DEB
e Aims related to psychosocial factors:
o To assess the association between diabetes treatment adherence and
levels of DEB
o To examine the association between negative affect toward BGM and
levels of DEB
o To assess the association between diabetes-related family conflict and
levels of DEB
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o To examine the association between depressive symptoms and levels of
DEB

o To assess the associations between quality of life and levels of DEB

e Aims associated to neuropsychological factors:

o To assess if DEB are associated with EF problems, according to parent
and teen reports, in a sample of adolescents with T1D

o To explore the association between behavioral dysregulation and levels
of DEB

o To identify which EF domains are associated with higher levels of DEB
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10 MATERIAL, METHODS, AND RESULTS: SCIENTIFIC PUBLICATIONS
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Aims To assess the occurrence of disordered eating behaviours in teenagers with Type 1 diabetes and to compare
characteristics according to level of disordered eating behaviours.

Methods In this cross-sectional study, we collected adolescents’ demographic and diabetes management data by
parent—youth interview and chart review. Teenagers completed psychosocial surveys, including the Diabetes Eating
Problem Survey-Revised (DEPS-R), a diabetes-specific measure of disordered eating behaviours. We categorized
teenagers according to level of disordered eating behaviours: low, DEPS-R score <10; moderate, DEPS-R score 10-19;
and high, DEPS-R score >20.

Results The 178 teenagers (48 % girls) were aged 14.941.3 years, with diabetes duration of 7.4+3.7 years. Most (59%)
had low, 26% had moderate, and 15% had high levels of disordered eating behaviours. Several biomedical and
psychosocial characteristics differed by level of disordered eating behaviours. There were more girls in the moderate
(62%) and high (65%) than in the low level of disordered eating behaviours group (37%; P=0.003) and more obese
teenagers in the moderate (13%) and high (27%) groups than in the low group (4%; P=0.0003). Frequency of daily
blood glucose monitoring decreased (P=0.0006) and HbA . level increased (P=0.01) with greater level of disordered
eating behaviours. A greater level of disordered eating behaviours was also associated with poorer treatment adherence,
more negative affect regarding blood glucose monitoring, poorer quality of life, and more depressive symptoms (all
P<0.0001), along with more diabetes-specific family conflict (P=0.01).

Conclusions Identifying teenagers with Type 1 diabetes who have moderate and high levels of disordered eating
behaviours may prevent progression to eating disorders and substantial morbidity by directing support and intervention
efforts to those in need.

Diabet. Med. 00: 1-8 (2018)

Introducticn young people without Type 1 diabetes, disordered eating
behaviours occur more frequently in girls and young women

Subclinical disordered eating behaviours and clinical eating
disorders occur more often in people with Type 1 diabetes
than in their peers without diabetes [1-3]. Disordered eating
behaviours may include dieting, excessive caloric restriction,
fasting, binge-eating, intense exercise for weight control, and
purging behaviours, such as abuse of laxatives or diuretics
and self-induced vomiting [4]. Insulin omission or restriction
for weight control is a purging behaviour specific to insulin-
treated diabetes, mainly Type 1 diabetes [5].

The prevalence of disordered eating behaviours in people
with Type 1 diabetes ranges from 8% to 55%, depending on
the definition and method of measurement [2,3,6-9]. As in
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than in boys and young men [6,8-10], more frequently in
older than in younger adolescents [8,11], and in association
with family conflict [7]. Insulin omission or restriction as a
purging behaviour occurs in 11-30% of girls and women
with Type 1 diabetes [3,5,12-15].

Among people with Type 1 diabetes, disordered eating
behaviours are associated with poor diabetes self-manage-
ment and worse metabolic control, contributing to increased
risk of short- and long-term diabetes complications. Adverse
effects include elevated HbA;. levels and abnormal lipid
profiles, while complications include diabetic ketoacidosis,
retinopathy, neuropathy and nephropathy, as well as pre-
mature mortality [5,11,12,14,15]. In an 11-year follow-up
study, women with Type 1 diabetes who reported
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What’s new?

Disordered eating behaviours are common in people
with Type 1 diabetes and are associated with poor
glycaemic control, diabetes complications and early
mortality.

This study used a diabetes-specific survey, the Diabetes
Eating Problem Survey-Revised (DEPS-R), in teenagers
with Type 1 diabetes to identify factors associated with
varying levels of disordered eating behaviours.

« Female sex, overweight/obesity, infrequent blood glu-
cose monitoring, and poor glycaemic control were
associated with more disordered eating behaviours, as
were poorer quality of life and presence of depressive
symptoms.

+ These findings may help direct support and intervention
efforts to those in most need and prevent progression to
clinical eating disorders.

intentionally under-dosing or omitting insulin at baseline had
a threefold higher relative risk of death during the 11-year
follow-up period than those who did not under-dose or omit
insulin at baseline [15].

When untreated, disordered eating behaviours often
worsen and progress to clinical eating disorders [11,13];
hence, early identification of young people with Type 1
diabetes who have disordered eating behaviours has impor-
tant utility for early intervention in order to prevent
progression to clinical eating disorders and development of
diabetes complications. General screening measures for
disordered eating behaviours, however, may not be appro-
priate in Type 1 diabetes populations because of the
necessary emphasis on food and carbohydrate-counting for
this group of people. General screening measures may
misidentify some diabetes management behaviours as disor-
dered eating behaviours. In addition, there is a need to assess
the presence of insulin restriction or omission as a unique
purging behaviour in people with Type 1 diabetes. The
Diabetes Eating Problem Survey-Revised (DEPS-R) was
created to overcome the deficiencies of general disordered
eating behaviour screening measures as it was designed
specifically for use in people with Type 1 diabetes [16,17].

The aims of the present study were to assess the occurrence
of disordered eating behaviours, as measured by the DEPS-R,
in a sample of teenagers (aged 13-17 years) with Type 1
diabetes, and to describe and compare the characteristics of
participants according to level of disordered eating beha-
viours (i.e. number and frequency of behaviours). We also
aimed to identify a threshold on the DEPS-R for a moderate
level of disordered eating behaviours. We hypothesized that
more disordered eating behaviours would be associated with
older age, female sex, overweight/obesity, higher HbA ., and

Disordered eating behaviours in type 1 diabetes e R. Cecilia-Costa et al.

poorer psychosocial characteristics, with the moderate group
having characteristics intermediate between those with the
lowest and highest levels of disordered eating behaviours.

Participants and methods

Participants

Participants were adolescents with Type 1 diabetes receiving
care in a paediatric diabetes centre. The inclusion criteria
included young people aged 13-17 years, Type 1 diabetes
diagnosed according to American Diabetes Association
criteria, diabetes duration >6 months, daily insulin dose
>0.5 units’kg, HbA;. 48-97 mmol/mol (6.5-11.0%), and
fluency in English to complete surveys. The exclusion criteria
included any significant developmental, cognitive or medical
conditions or major psychosocial/family issues that would
interfere with study participation. Given the narrow partic-
ipant age range of 13-17 years, a group known to be at risk
for disordered eating behaviours, we estimated that at least
150 participants would provide a sufficient range of DEPS-R
scores to achieve our aims. The study protocol was approved
by the institutional review board. Parents/young people
provided written informed consent/assent before completing
any study procedures.

Data collection

Data were collected at a single study visit that occurred on
the same day as a clinic appointment. Parents/teenagers self-
reported diabetes management data (e.g. insulin regimen,
blood glucose monitoring frequency) during a brief joint
parent/teenager interview conducted by a trained research
assistant. Research assistants collected additional diabetes
management data from the electronic medical record. Height
and weight were obtained in a standardized manner using a
stadiometer and electronic scale that were appropriately
calibrated. We calculated BMI percentiles using the Centers
for Disease Control and Prevention growth charts [18]. We
then categorized teenagers by weight status according to BMI
percentile: underweight (<5th percentile), normal weight (Sth
to <85th percentile), overweight (85th to <95th percentile),
and obese (>95th percentile). Teenagers provided a blood
sample for measurement of HbA ;. (reference range: 4-6%,
Roche Cobas Integra; Roche Diagnostics, Indianapolis, IN,
USA). Teenagers completed the following validated surveys
on a tablet computer using REDCap software [19].

The Diabetes Eating Problem Survey-Revised (DEPS-R) is
a l6-item survey that assesses general and diabetes-specific
disordered eating behaviours in people with Type 1 diabetes
[16]. Items are answered on a six-point Likert scale (‘never’
to ‘always’). Total scores range from 0 to 80; higher scores
indicate more disordered eating behaviours. The validated
cut-off score of =20 indicates a high number and frequency of
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disordered eating behaviours that may warrant additional
evaluation [16].

The Diabetes Management Questionnaire [20] is a 20-item
survey that measures adherence to diabetes management
tasks. Items are answered on a five-point Likert scale (‘almost
never’ to ‘almost always’). Total scores range from 0 to 100;
higher scores indicate greater adherence.

The Blood Glucose Monitoring Communication Question-
naire [21] is an eight-item survey that assesses negative affect
related to blood glucose monitoring. Items are answered on a
three-point Likert scale (‘almost never’ to ‘almost always’).
After transformation, total scores range from 0 to 100;
higher scores indicate more negative affect.

The Diabetes Family Conflict Scale [22] is a 19-item
survey that assesses the level of family conflict around
diabetes-specific tasks, such as blood glucose monitoring.
Items are answered on a three-point Likert scale (‘never
argue’ to ‘always argue’). After transformation, total
scores range from 0 to 100; higher scores indicate more
conflict.

The Pediatric Quality of Life Inventory (PedsQL) Generic
Core Scales [23] is a 23-item survey that measures the
teenager’s quality of life, including both physical and
psychosocial functioning. Items are answered on a five-point
Likert scale (‘never’ to ‘always’). Total scores range from 0 to
100; higher scores indicate better quality of life.

The Center for Epidemiologic Studies Depression Scale
[24,25] is a 20-item survey that assesses depressive symp-
toms. [tems are answered on a four-point Likert scale (‘rarely
or none of the time’ to ‘most or all the time’). Total scores
range from 0 to 60; higher scores indicate more depressive
symptoms.

Statistical analysis

Statistical analyses were performed using sAs software
(version 9.4; SAS Institute, Cary, NC, USA). To assess
characteristics associated with disordered eating behaviours,
we categorized teenagers by level of disordered eating
behaviours according to DEPS-R score: <10 = low number/
frequency of disordered eating behaviours, 10-19 = moder-
ate number/frequency of disordered eating behaviours, >20 =
high number/frequency of disordered eating behaviours.
This categorical variable for level of disordered eating
behaviours (low, moderate, high) was used in bivariate
analyses (ANOva, chi-squared tests, Mantel-Haenszel chi-
squared tests).

Disordered eating behaviours were assessed as a continu-
ous variable (DEPS-R score) in unpaired #-tests (male vs
female DEPS-R scores) and in multivariate linear regression.
Multivariate analyses with DEPS-R score as the dependent
variable were performed to assess multiple factors associated
with disordered eating behaviours. Variables were included
in the model if their association with disordered eating
behaviour had a P value <0.1. In bivariate analyses, P values
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<0.01 were considered statistically significant because of the
multiple comparisons. In multivariate analyses, P values
<0.05 were considered statistically significant.

Results

Participant characteristics

Table 1 describes demographic and diabetes management
characteristics among the 178 participants. The mean par-
ticipant age was ~15 years and the majority of participants
(70%) had diabetes for =5 years. Approximately half of the
participants (48 %) were girls and 88% were white. Most
came from two-parent families (87%) and had at least one
parent with a college degree or higher (72%). Two thirds of
teenagers used pump therapy for both basal and bolus insulin
delivery. The mean daily insulin dose was ~1 unit/kg and the
majority of teenagers (63% ) checked blood glucose levels =5
times/day. The mean HbA;. concentration was 69+11
mmol/mol (8.5+1.0%); only 15% achieved HbA ;. goal of
<58 mmol/mol (<7.5%). About two-thirds of teenagers were
of normal weight, 26% were overweight, and 10% were
obese. Only two teenagers were underweight; therefore, we
included these two teenagers in the normal weight group for
analyses.

DEPS-R scores

Figure 1 shows the distribution of DEPS-R scores by sex.
Girls had a higher mean DEPS-R score than boys (12.4+10.3
vs 7.54+7.1; P=0.0003). Overall, most teenagers (59%) had a
low level of disordered eating behaviours, with DEPS-R
scores <10, 26% had a moderate level, with DEPS-R scores
10-19, and 15% had a high level, with DEPS-R scores >20.
More girls than boys had moderate (34% vs 19%) and high
(20% vs 10%) levels of disordered eating behaviours
(P=0.003).

Disordered eating behaviours and demographic/diabetes
management characteristics

Table 1 summarizes participant characteristics according to
level of disordered eating behaviours. There were no signif-
icant differences among the low, moderate, and high groups
with respect to age, diabetes duration, race, family structure,
insulin regimen, daily insulin dose, or HbA ;. concentration.
There was a higher percentage of girls in the moderate (62%)
and high groups (65%) than in the low group (37%;
P=0.003). Compared with teenagers in the low group,
teenagers in the high group were less likely to have a parent
with a college degree or higher (P=0.0001). Teenagers in the
high group also checked blood glucose levels less often
(P=0.0006) and had higher HbA;. concentrations (P=0.01)
than teenagers in the low group. The HbA . in the moderate
group was midway between the low and high groups. There
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Table 1 Participant characteristics: overall and by level of disordered eating behaviours

Disordered eating behaviour level

All teenagers Low: DEPS-R Moderate: DEPS-R High: DEPS-R
(N=178) score <10 (n=105) score 10-19 (n=47) score =20 (n=26) P
Age, years 14.9+1.3 14.7+1.3 15.2+1.3 15.0+1.4 0.07
Diabetes duration, years 7.4+3.7 7.0+£3.6 8.6+3.9 6.4+3.0 0.02
Sex: female, % 48 37 62 65 0.003
Race/ethnicity: white, % 88 89 85 88 0.8
Family structure: from 87 86 87 92 0.4
two-parent family, %
Parent education: college 72 83 62 50 0.0001
degree or higher, %
Insulin regimen: pump, % 67 73 62 54 0.1
Daily insulin dose, unitstkg 0.96+0.24 0.94+0.22 0.95+0.28 1.07+0.24 0.04
Blood glucose monitoring 5.3+1.9 5.7+1.9 5.0£2.0 42+1.2 0.0006
frequency, times/day
HbA,, 0.01
mmol/mol 69+11 67+10 72413 75+13
% 8.5£1.0 8.3+0.9 8.7+1.2 9.0£1.2
HbA,. <58 mmol/mol 15 17 15 8 0.3
(<7.5%), %
Weight status, % 0.0004
Normal weight 64 70 62 42
Overweight 26 26 26 31
Obese 10 4 13 27

DEPS-R, Diabetes Eating Problem Survey-Revised. Data presented are mean =+ sb, unless otherwise indicated. P values obtained from anova
(age, diabetes duration, insulin dose, blood glucose monitoring frequency, HbA ), chi-squared tests (sex, race/ethnicity, insulin regimen) and
Mantel-Haenszel chi-squared tests (family structure, parent education, % HbA; <58 mmol/mol, weight status).

Low level

Moderate level

High level

BMale
mFemale

% of Teenagers

0-4 59 10-14

15-19  20-24 25-29 30-34 35-39 40+

DEPS-R score

FIGURE 1 Distribution of Diabetes Eating Problem Survey-Revised (DEPS-R) scores by sex. More female than male participants had moderate (34%
vs 19%) and high (20% vs 10%) levels of disordered eating behaviours (P=0.003).

was also a greater proportion of obese teenagers in the high
compared with the lower groups (P=0.0003).

In a multivariate linear model (R?=0.24, P<0.0001),
controlling for age, diabetes duration, parent education,
insulin regimen, insulin dose and blood glucose monitoring
frequency, the variables of sex, weight status and HbA,_
were significantly associated with DEPS-R score. Female sex
(P=0.0004), obesity (P=0.047) and HbA;. >75 mmol/mol
(29.0%) (P=0.046) were all associated with higher DEPS-R
scores. In these adjusted analyses, girls scored 4.5 points

higher on the DEPS-R than boys, those who were obese
scored 5.3 points higher than those of normal weight, and
those with elevated HbA;. =75 mmol/mol (>9.0%) scored
3.0 points higher than those with lower HbA;. values
(Fig. 2).

Disordered eating behaviour and psychosocial characteristics

A number of psychosocial constructs were also associated
with level of disordered eating behaviour (Table 2).
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P =0.0004

P =0.047

P =0.046

DEPS-R score
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Sex Weight status HbA1c

E 2 Diabetes Eating Problem Survey-Revised (DEPS-R) scores in multivariate model by sex, weight status and HbA,.. In a significant
multivariate model, female sex (P=0.0004), obesity (P=0.047) and HbA ;. =75 mmol/mol (>9.0%; P=0.046) were significantly associated with higher

DEPS-R scores.

Treatment adherence was significantly lower in the moderate
and high groups than in the low group (P<0.0001). Negative
affect regarding blood glucose monitoring differed signifi-
cantly among all three groups, with more negative affect
associated with higher level of disordered eating behaviours
(P<0.0001). Diabetes-specific family conflict was lowest in
the low group (P=0.01). Quality of life differed significantly
among all three groups, with poorer quality of life associated
with higher level of disordered eating behaviours (P<0.0001).
Depressive symptoms differed significantly among all three
groups, with more depressive symptoms associated with
higher level of disordered eating behaviours (P<0.0001).

In a multivariate model (Rl=0.42, P<0.0001) with the
psychosocial measures as the independent variables, poorer
treatment adherence (P=0.0003), more negative affect
regarding blood glucose monitoring (P=0.0008), and more
depressive symptoms (P=0.003) were significantly associated
with higher DEPS-R score. Diabetes-specific family conflict
and quality of life were not significantly related to DEPS-R
score in the model. The addition of sex, weight status, and
HbA . as independent variables improved the overall model
(R?=0.50, P<0.0001) without changing the significance of
the psychosocial measures. In this model, female sex
(P=0.003) and obesity (P=0.0004) predicted higher DEPS-R
score but HbA . did not.

Discussion

In this study of 178 teenagers with Type 1 diabetes, we found
that approximately two out of every five teenagers had
moderate or high levels of disordered eating behaviours;
26% had moderate levels and 15% had high levels of
disordered eating behaviours. Several biomedical and psy-
chosocial factors were associated with both moderate and
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Table 2 Psychosocial survey scores by level of disordered eating
behaviours

Disordered eating behaviour level

Low: Moderate:  High:
DEPS-R  DEPS-R DEPS-R
score <10 score 10-19 score =20

(n=105)  (1n=47) (1n=26) B
Treatment 75£10 67x12 6612 <0.0001*
adherence
Negative affect 27421 4020 5419 <0.0001"
regarding
blood glucose
monitoring
Diabetes-specific 15422  26+28 23417 01%
family conflict
Quality of life  89+11 8319 71x17 <0.0001"
Depressive 5+6 10£8 19+13 <0.0001"

symptoms

DEPS-R, Diabetes Eating Problem Survey-Revised. Data pre-
sented are mean =+ sp. P values obtained from aNova test.
*Low group significantly different from both moderate and
high groups.

TLow, moderate and high groups all significantly different.
*Low group significantly different from moderate group; low
group vs high group, P=0.1.

high levels of disordered eating behaviours, indicating that
subthreshold DEPS-R scores of 10-19, below the threshold
of =20, may identify an opportunity for intervention to
prevent progression of disordered eating behaviours.

Our findings confirm recent studies that have reported
associations between more disordered eating behaviours and
female sex [6,8,26], higher BMI [8,9,13,26-28] and poorer
glycaemic control [6,8,9,29] in people with Type 1 diabetes.
In a recent large epidemiological study of 52 215 children

w

60



DIABETICMedicine

and young adults with Type 1 diabetes, 467 individuals had
an eating disorder according to the fourth edition of the
Diagnostic and Statistical Manual of Mental Disorders
criteria [29]. Those with eating disorders had higher HbA .
levels as well as higher rates of diabetic ketoacidosis and risk
factors for future complications compared with those with-
out eating disorders.

In a study of 770 young people with Type 1 diabetes from
the Norwegian Childhood Diabetes Registry [8], 18% scored
>20 on the DEPS-R, similar to our rate of 15%. The
Norwegian study reported that significantly more girls (28%)
than boys (9%) had DEPS-R scores >20. Young people who
scored 220 on the DEPS-R had higher BMI z-score (0.7 vs
0.2 standard deviation scores (SDS), P<0.001), higher HbA .
(77 vs. 68 mmol/mol [9.2 vs. 8.4%], P<0.001), and were
older (15.6 vs. 14.4 years, P<0.001) than young people who
scored <20. In a study of 60 young adults with Type 1
diabetes [9], 23% scored =20 on the DEPS-R (30% of
women vs 18% of men), a rate slightly higher than the
present study (15%), which may be attributable to the
difference in ages of the two samples. The young adults who
scored >20 on the DEPS-R had higher HbA. (90 vs 62
mmol/mol [10.4 vs 7.8%]; P<0.001) and higher BMI (28.0 vs
25.4 kg/ml; P=0.06) than those who scored <20. None of
these previous studies assessed a group with a moderate level
of disordered eating behaviours as in the present study.

The present study also builds on previous studies that have
reported associations between more disordered eating
behaviours and poorer psychosocial attributes in individuals
with Type 1 diabetes [13,27,30]. In a sample of 199
adolescents with Type 1 diabetes, Grylli et al. [27] found
that young people with disordered eating behaviours had a
less positive attitude toward life, more somatic complaints,
lower self-esteem, and more depressive symptoms than
young people without disordered eating behaviours. In a
study of 83 adults with Type 1 diabetes assessed using
momentary sampling, Merwin et al. [30] found that more
negative affect regarding diabetes was associated with a
higher likelihood of insulin restriction. Olmsted et al. [13]
followed 101 girls with Type 1 diabetes for 5 years, none of
whom had disordered eating behaviours at baseline, and
assessed factors related to the development of disordered
eating behaviours over time. They found that more concerns
about body weight/shape, lower self-esteem, and more
depressive symptoms predicted the onset of disordered eating
behaviours.

In addition to stratifying young people by the previously
validated DEPS-R score threshold of =20 [16], we further
divided those with DEPS-R scores <20 into those with scores
<10, considered as a low level of disordered eating
behaviours, and those with scores of 10-19, considered as
a moderate level of disordered eating behaviours. The
longitudinal study by Rydall et al. [12] also classified young
women into three different gradations of disordered eating
behaviours, those who were non-disordered, moderately

Disordered eating behaviours in type 1 diabetes e R. Cecilia-Costa et al.

disordered, and highly disordered. These authors reported
that increasing severity of disordered eating behaviours was
associated with greater risk of microvascular complications
during follow-up. Similarly, another study by Maharaj et al.
[7] categorized adolescent girls as non-eating disturbed,
mildly disturbed, and highly disturbed. These authors also
reported increasing severity of disturbances in body image
and eating attitudes in association with increasing severity of
disturbed eating behaviours.

We found that teenagers with a moderate level of disordered
eating behaviours had many biomedical and psychosocial
characteristics (parent education, blood glucose monitoring
frequency, HbA ., overweight/obesity, negative affect regard-
ing blood glucose monitoring, general quality of life, and
depressive symptoms) that were different from teenagers in
both the low and high groups, while for some characteristics
(sex, treatment adherence and diabetes-specific family con-
flict), the moderate group was similar to the high group. Taken
together, these data suggest that it may be possible to identify
teenagers with a moderate level of disordered eating beha-
viours at a pointin the clinical course when interventions may
prevent development of more severe disordered eating
behaviours and even progression to clinical eating disorders.
Interventions and treatment can be tailored for those with a
low or moderate level of disordered eating behaviours to
prevent worsening of disordered eating behaviours.

Many of the biomedical characteristics associated with
moderate and high levels of disordered eating behaviours are
routinely assessed during regular diabetes clinic appoint-
ments. Clinicians should be educated on these relationships
so that they can be alert to factors that may indicate elevated
risk of disordered eating behaviours. For example, although
low body weight is often associated with clinical eating
disorders, such as anorexia nervosa, clinicians should be
aware that higher BMI is associated with disordered eating
behaviours in people with Type 1 diabetes [8,9,13,26-28].

A strength of the present study is the use of the validated,
diabetes-specific DEPS-R screening measure [16]. When
assessing disordered eating behaviours in people with Type
1 diabetes, it is important to use a diabetes-specific measure
because general screening measures do not capture diabetes-
specific behaviours such as intentional insulin omission or
restriction. In addition, Type 1 diabetes requires attention to
food and carbohydrate intake, and general screening mea-
sures may misidentify these behaviours as disordered eating
behaviours. Another strength is the inclusion of both female
and male participants in a study sample of adolescents, a
group in which eating disorders often develop. Many studies
examining disordered eating behaviours in people with Type
1 diabetes have included only female participants
[5,7,11,14]. It is important, however, to include both male
and female participants in order to gain a better understand-
ing of how disordered eating behaviours may differ in boys
and young men with Type 1 diabetes compared to girls and
young women with Type 1 diabetes.
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A limitation of the present study is its cross-sectional
design; future longitudinal studies will enable a better
understanding of the predictive nature of moderate levels
of disordered eating behaviours for progression to high levels
of disordered eating behaviours or frank eating disorders. In
addition, the present study sample was relatively homoge-
neous and high functioning, which may limit generalizability,
with 88% of participants being white, 87% being from two-
parent families, and 67% receiving insulin pump therapy,
although only 15% achieved target HbA;. levels of <58
mmol/mol (<7.5%).

In summary, our data suggest that there may be an
opportunity to identify teenagers with moderate as well as
high levels of disordered eating behaviours by using the score
thresholds of 10-19 and >20, respectively, on the DEPS-R
screening measure, a tool supported for clinical use by the
American Diabetes Association in their recent position
statement on the psychosocial care of people with diabetes
[17]. Early identification of disordered eating behaviours
may allow timely intervention to prevent progression to
eating disorders and the resulting poor glycaemic control,
acute and chronic diabetes complications, and premature
mortality. Teenagers with either moderate or high levels of
disordered eating behaviours will likely benefit from addi-
tional support to improve glycaemic control and reduce the
risk of progressive disordered eating behaviours.
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Abstract

Aim: To explore cross-sectional associations between executive function prob-
lems and disordered eating behaviours in teens with type 1 diabetes.

Methods: Executive function was assessed by the Behavior Rating Inventory of
Executive Function (BRIEF), self-report and parent proxy-report versions. Scores
>60 (on Global Executive Composite, Behavioral Regulation Index, Metacognition
Index or clinical scales) indicated problems with executive function. Disordered
eating behaviour was assessed by the Diabetes Eating Problem Survey Revised
(DEPS-R) and categorized as follows: <10 low, 10-19 moderate and =20 high.
Results: In the 169 teens (46% girls, median age 16.0 years [range 13.7-18.7],
median diabetes duration 8.9 years [range 1.4-16.6]), 29% had moderate and 12%
had high level of disordered eating behaviours. Executive function problems were
present in 9% by self report and 26% by parent proxy-report. Among teens with
moderate/high level of disordered eating behaviours, 19% had executive func-
tion problems by self report (vs. 2% of teens with low level of disordered eating
behaviours, p < 0.001) and 33% had executive function problems by parent proxy-
report (vs. 20% of teens with low level of disordered eating behaviours, p = 0.056).
A greater level of disordered eating behaviours was associated with execu-
tive function problems by teen self report on the General Executive Composite
(p < 0.001), Behavioral Regulation Index (p < 0.001), emotional control clinical
scale (p < 0.001), shift clinical scale (p < 0.001) and by parent proxy-report on the
task initiation clinical scale (p = 0.008).

Prior publication: Portions of this manuscript were presented as an
oral presentation at the 78th Scientific Sessions of the American

Diabetes Association, June 2018, Orlando, FL.
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1 | INTRODUCTION

Managing type 1 diabetesis challenging as it requires ongo-
ing glucose monitoring, meal organization, carbohydrate
counting and making decisions about insulin administra-
tion. These activities demand neurocognitive competen-
cies such as executive function. Executive function is a
group of cognitive processes involved in complex behav-
iours, reasoning and decision making.! Working memory,
set-shifting, inhibitory control and emotional control are
examples of executive functions. Executive function plays
an important role in problem solving and self-control.! In
persons with type 1 diabetes, executive function difficul-
ties are associated with higher HbAlc levels.**

During adolescence, the challenges and burden of di-
abetes self care may increase, and HbAlc levels generally
increase.* During this sensitive developmental time, ex-
ecutive function continues to mature,” and neurocogni-
tive functioning and psychosocial status may influence
diabetes management. Difficulties with cognitive and
emotional self-regulation during late adolescence and
emerging adulthood are associated with suboptimal dia-
betes management.®’

Adolescence is a critical period of physical, cognitive
and emotional development when certain psychologi-
cal concerns may emerge. For example, worries about
body image and weight may lead to disordered eating be-
haviours and clinical eating disorders.® In persons with
type 1 diabetes, disordered eating behaviours are associ-
ated with higher glucose levels, diabetes complications
and premature mortality.” "' Screening for psychosocial
concerns and self-care deficits is recommended in persons
with type 1 diabetes due to the potential impact on dia-
betes management, well-being and short- and long-term
physical health, as well as to avoid progression to clinical
mental health conditions, such as eating disorders.?

Previous research in the general population has sug-
gested that problems with executive function are associ-
ated with disordered eating behaviours'*!* and clinical
eating disorders.">'® However, there is limited research
about this association in persons with type 1 diabetes, es-
pecially in the vulnerable adolescent age group.'” Problems
with executive function may make it more difficult to carry
out daily diabetes management tasks, which may lead to

Conclusions: Assessing executive function and screening for disordered eating
behaviours in teens with type 1 diabetes could help identify a subset of teens at
high risk for adverse outcomes and need for intervention.

adolescence, disordered eating behaviours, executive function, type 1 diabetes

Novelty statement

« Executive function problems are associated
with disordered eating behaviours in the gen-
eral population, but there is limited research
in persons with type 1 diabetes, especially
adolescents.

« In a sample of 169 teens with type 1 diabetes,
executive function problems (particularly re-
lated to emotional control, set-shifting and task
initiation) were more prevalent among those
with more disordered eating behaviours.

« In clinical practice, assessment of executive
function and disordered eating behaviours
could help identify teens with type 1 diabetes
in need of intervention due to their high risk for
adverse outcomes.

glucose levels outside of the target range. This may be com-
pounded by disordered eating behaviours, especially those
associated with insulin restriction or omission. Adolescents
with type 1 diabetes may also engage in disordered eating
behaviours as a way of dealing with frustrations and nega-
tive emotions about their diabetes. More knowledge about
this relationship is critical to guide the design of tailored
prevention and management measures.

The present study aimed to examine associations be-
tween problems with executive function and level of disor-
dered eating behaviours in teens with type 1 diabetes, agroup
experiencing growth in executive function domains and at
risk for emergence of disordered eating behaviours. It was
hypothesized that problems with executive function would
be associated with more disordered eating behaviours.

2 | SUBJECTS, MATERIALS AND
METHODS
2.1 | Studysample

Study participants were recruited from an aca-
demic paediatric diabetes centre to participate in a
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longitudinal study aimed at improving self-care and
glycaemic outcomes in teens with type 1 diabetes.'®
Participants from one of the two study sites (56% of
the main study sample) also completed this sub-study
assessment of teen executive function. Inclusion crite-
ria for study participation included: age 13-17 years,
type 1 diabetes for at least 6 months, daily insulin
dose =0.5 units/kg, HbAlc 6.5%-11.0% (48-97 mmol/
mol) and reading/writing comprehension in English.
Exclusion criteria included any other major medical
or psychiatric disorder warranting active treatment
changes (e.g. treated thyroid conditions or celiac
disease were not exclusions). The eligibility criteria
and sample size were selected to assess the primary
outcomes of the longitudinal study. The study proto-
col was approved by the Institutional Review Board.
Written informed consent was obtained from parents
and written assent was obtained from teens before
study participation.

2.2 | Data collection

Data were collected on the day of regularly scheduled
clinical appointments. Teens and parents were inter-
viewed by trained research assistants who collected
demographic and diabetes management information.
Teens and parents completed the surveys described in
Section 2.3. Additional diabetes management infor-
mation was obtained from electronic medical records.
Teens were weighed and measured using an electronic
scale and stadiometer, both appropriately calibrated, by
trained personnel. Body mass index (BMI) percentiles
were calculated using the Centers for Disease Control
and Prevention growth charts.'” Teens were categorized
by weight status according to BMI percentile: under-
weight (<5th percentile), normal weight (5th to <85th
percentile), overweight (85th to <95th percentile) and
obese (=95th percentile). Blood samples were obtained
for measurement of HbAlc (ref. range: 4%-6%, Roche
Cobas Integra, Roche Diagnostics).

23 | Measures

Parents completed the Behavior Rating Inventory of
Executive Function (BRIEF) parent form to assess par-
ent proxy-report of teen executive function.’’ Teens
completed the Behavior Rating Inventory of Executive
Function Self-Report (BRIEF-SR)21 and the Diabetes
Eating Problem Survey-Revised (DEPS—R)22 to assess
self report of executive function and disordered eating
behaviours, respectively.

DIABETIC IEAa

2.3.1 | Diabetes Eating Problem Survey-
Revised

The DEPS-R is a validated screening measure that as-
sesses self report of general and diabetes-specific dis-
ordered eating behaviours, especially in persons using
insulin therapy.® The survey contains 16 items, which
are answered on a 6-point Likert scale (0 = never,
1 = rarely, 2 = sometimes, 3 = often, 4 = usually, 5 = al-
ways). The total score is the sum of all response items;
scores range from 0 to 80, with higher scores indicating
more disordered eating behaviours. The validated cut-off
score of >20 indicates a high level of disordered eating
behaviours and need for additional evaluation.?? Scores
from 10 to 19 have been described as a moderate level
of disordered eating behaviours at which further assess-
ment might be considered.”

2.3.2 | Behavior Rating Inventory of
Executive Function

The BRIEF is a validated questionnaire that assesses exec-
utive function. The youth self-report version has 80 items
and the parent proxy-report version has 86 items.?*!
Items are answered on a 3-point Likert scale (Never,
Sometimes and Often). The Global Executive Composite
(GEC) total score represents overall executive function
and is a summary of the Behavioral Regulation Index
(BRI) and the Metacognition Index (MI). The BRI and
MI are each composed of several clinical scales. The BRI
contains the emotional control, inhibit, monitor and shift
clinical scales in the self-report version and the emotional
control, inhibit and shift scales in the parent proxy-report
version. The MI is composed of organization of materi-
als, plan/organize, task completion and working memory
scales in the self-report version, and the monitor, organi-
zation of materials, plan/organize, initiate and working
memory scales in the parent proxy-report version. Raw
scores were converted to age- and sex-adjusted T-scores,
where higher scores indicate more problems with execu-
tive function. T-scores 60-64 on the GEC, BRI, MI or the
clinical scales are considered mildly elevated and T-scores
>65 are considered clinically elevated. For these analyses,
we defined executive function problems as T-scores =60
to include both those with mild and clinically elevated ex-
ecutive function problems.

2.4 | Statistical analysis

Statistical analyses were performed using SAS soft-
ware (version 9.4; SAS Institute). Descriptive data are
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presented as mean + SD or n (percentage). Teens were
categorized by level of disordered eating behaviour ac-
cording to DEPS-R score: <10 = low frequency of disor-
dered eating behaviours, 10-19 = moderate frequency
of disordered eating behaviours, 220 = high frequency
of disordered eating behaviours. Teens also were cate-
gorized depending on the presence (BRIEF scores >60)
or absence (BRIEF scores <60) of executive function
problems. These categorical variables for level of dis-
ordered eating behaviours (low, moderate and high)
and problems with executive function (present or not)
were used in bivariate analyses. Mantel-Haenszel chi-
square tests were used to compare percentages of those
with executive function problems according to level
of disordered eating behaviour. Due to the number
of comparisons, p < 0.01 was considered statistically
significant.

3 | RESULTS
3.1 | Participant characteristics

Demographic and diabetes management characteris-
tics are shown in Table 1. The study sample for anal-
yses was composed of 169 teens and 168 parents. For
one parent, total scores could not be calculated for sev-
eral of the BRIEF scales because there were too many
missing responses and thus this parent's data were ex-
cluded. Youth (46% girls, 88% white) had a mean age of
15.9 + 1.3 years (median 16.0, range 13.7-18.7 years),
and most were from two-parent families (87%) and
had at least one parent with a college degree or higher
(72%). Diabetes duration was 8.4 + 3.7 years (median
8.9, range 1.4-16.6 years) and 67% were treated with
insulin pump therapy. Mean HbAlc was 8.5 + 1.2%
(69 + 13 mmol/mol), and only 16% achieved the 2019
American Diabetes Association HbAlc target level of
<7.5% (<58 mmol/mol). Normal weight was found in
56% of the teens, overweight in 31% and obesity in 14%;
none of the teens were underweight.

3.2 | Disordered eating behaviours
assessed by DEPS-R

DEPS-R scores are shown in Table 1. Overall, 59% of teens
had a low level of disordered eating behaviours (DEPS-R
<10), 29% had a moderate level of disordered eating be-
haviours (DEPS-R 10-19) and 12% had a high level of
disordered eating behaviours (DEPS-R >20). Disordered
eating behaviours differed significantly between girls and
boys (girls: 51% low, 29% moderate, 21% high; boys: 65%
low, 29% moderate, 5% high; p = 0.009).

3.3 | Executive function problems
assessed by BRIEF: GEC, BRI and MI scores

According to the overall GEC score, 9% of teens had executive
function problems (GEC =60) by teen self report and 26% by
parent proxy-report. Problems with behavioural regulation
(BRI scores >60) were noted in 8% of teens by self report and
18% of teens by parent proxy-report. Executive function prob-
lems related to metacognition (MI scores >60) were found in
10% of teens by self report and 27% by parent proxy-report.
Neither self report nor parent proxy-report of executive func-
tion problems differed significantly between boys and girls.

3.4 | Associations between executive
function problems and disordered
eating behaviours

Figure 1 displays the percent of teens with executive func-
tion problems (scores =60) according to level of disordered
eating behaviours. Teen self report of global executive
function problems (GEC =60) was higher in the groups
with moderate and high levels of disordered eating behav-
iours than in the group with a low level of disordered eat-
ing behaviours (p < 0.001). There were significantly greater
percentages of teens with behavioural regulation problems
(BRI 260) in the groups with moderate and high levels of
disordered eating behaviour compared with those with a
low level of disordered eating behaviours (p < 0.001). The
percentage of teens with executive function problems re-
lated to metacognition (MI =60) was highest in the group
with a moderate level of disordered eating behaviours;
however, the overall Mantel-Haenszel chi-square test was
not significant (p = 0.034). The rate of executive function
problems on the GEC, BRI and MI by parent proxy-report
increased with a greater level of disordered eating behav-
iours, but the associations were not statistically significant.
Table 2 shows the number and percent of teens with
executive function problems (scores >60) on each of the
BRI and MI clinical scales (by both teen self report and
parent proxy-report) according to the level of disordered
eating behaviours. By teen self report, a greater level of
disordered eating behaviours was associated with execu-
tive function problems on two of the BRI clinical scales:
emotional control (p < 0.001) and shift (p < 0.001). By
parent proxy-report, a greater level of disordered eating
behaviours was associated with executive function prob-
lems on the MI clinical scale of initiate (p = 0.008).

4 | DISCUSSION

Executive function problems and disordered eating be-
haviours are two major challenges that can emerge during
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DIABETIC I

TABLE 1 Participant characteristics

All teens Girls Boys
(N = 169) (n=177) (n=92)
Age (years) 159+13 160+ 13 159 +1.3
Diabetes duration (years) 84+3.7 88 +3.7 81+38
Race/ethnicity (% non-Hispanic white) 149 (88) 68 (88) 81 (88)
Family structure (% two-parent family) 147 (87) 68 (88) 79 (86)
Parent education (% college degree or 122 (72) 52(68) 70 (76)
higher)
Insulin regimen (% pump) 114 (67) 54 (70) 60 (65)
Daily insulin dose (units/kg) 0.97 +0.28 0.92 +0.26 1.02 +0.29
Blood glucose monitoring frequency 51+18 51+1.9 52+1.8
(times/day)
Continuous glucose monitoring use (%)  36(21) 11 (14) 25(27)
HbA1c (%, mmol/mol) 85+1.2 85+1.2 85+11
69+ 13 69 +13 69 + 12
HbAlc <7.5% (<58 mmol/mol) (%) 27(16) 11 (14) 16 (17)
Weight status (%)
Normal weight 94(56) 40 (52) 54 (59)
Overweight 52(31) 27 (35) 25(27)
Obese 23(14) 10 (13) 13(14)
DEPS-R total score 10 + 10 13+12 8§+8
Disordered eating behaviour level (%)
Low (DEPS-R <10) 99 (59) 39(51) 60 (65)
Moderate (DEPS-R 10-19) 49 (29) 22(29) 27 (29)
High (DEPS-R >20) 21 (12) 16 (21) 5(5)

Note: Data presented are mean + SD or n (%).

adolescence and potentially negatively impact self-care be-
haviours and glycaemia.*®”? In our sample of 169 teens
with type 1 diabetes, executive function problems were
more prevalent among those with moderate to high levels
of disordered eating behaviours compared with those who
had low level of disordered eating behaviours, suggesting
important associations between executive function prob-
lems and disordered eating behaviours in teens with type
1 diabetes.

Previous research in the general population has shown
that executive function problems are associated with sub-
clinical disordered eating behaviours'*'**?3 and clinical
eating disorders.">” In particular, studies have shown
that problems in the specific domains of set-shifting and
emotional control are associated with disordered eating
behaviours and eating disorders.'**!® Set-shifting refers
to a person's ‘ability to move freely from one situation,
activity, or aspect of a problem to another, as the circum-
stances demand’”’ Difficulty with set-shifting has been
associated with anorexia and bulimia nervosa, suggest-
ing that cognitive rigidity may be a risk and maintenance
factor for eating disorders.'® Treatment for type 1 diabetes

requires careful attention to food intake, activity, glucose
levels, insulin doses and physical symptoms. Executive
function problems may cause difficulties attending to
these tasks, which may result in glucose levels outside of
the target range that could be compounded by disordered
eating behaviours, especially those associated with insulin
restriction or omission.

In our sample, executive function problems on the
emotional control and shift scales by teen self report and
initiate scale by parent proxy-report were associated with
moderate to high levels of disordered eating behaviours.
Broadley et al. similarly found that problems in the areas
of shift and planning/organizing were associated with
disordered eating behaviours in young adults with type 1
diabetes.!” In a sample of 43 youth with type 1 diabetes,
Young-Hyman et al. found that high levels of emotion
dysregulation were associated with more bulimic symp-
toms.”® Merwin et al. used ecological momentary assess-
ment to explore predictors of insulin restriction in adults
with type 1 diabetes over a 3-day period.” They found that
higher levels of anxiety/nervousness and guilt were asso-
ciated with greater likelihood of restricting insulin at the
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next meal/snack (odds ratios of 1.72 and 1.84 for every 1-
point increase above the person's average level of anxiety/
nervousness and guilt, respectively). The authors suggest
that helping people respond effectively to these emotions
may decrease insulin restriction. Thus, the executive func-
tion domains of set-shifting and emotional control appear
to be particularly relevant for disordered eating behaviours
in both persons with and without type 1 diabetes.
Understanding the relationship between executive
function and disordered eating behaviours in persons with
type 1 diabetes is important. Disordered eating behaviours
are difficult to treat once established and there have not
been many evidence-based successful interventions
for disordered eating in persons with type 1 diabetes.*
Therefore, identification of factors that may make a person
with type 1 diabetes more vulnerable to the development
of disordered eating behaviours will allow clinicians to in-
tervene before such behaviours have become established
and are more difficult to treat. One recent study of adoles-
cents with type 1 diabetes identified ‘yellow flags’ for dis-
ordered eating behaviours.* Executive function problems
can similarly be viewed as a ‘yellow flag’ If a clinician is
aware that a teen has difficulties with executive function,
from previous screening tests performed by schools or

Disordered Eating Behavior Level

other providers or from family members’ reports of be-
haviours suggesting difficulties with executive function
(e.g. no tolerance for changes in plans), the clinician can
monitor for signs of disordered eating behaviours.
Second, treatments for eating disorders in general pop-
ulations often include cognitive components. For exam-
ple, difficulties with set-shifting are often targeted during
clinical treatment for eating disorders, such as anorexia
nervosa, through the use of cognitive remediation ther-
apy.32 Cognitive remediation therapy involves exercises
to increase awareness of one's thinking processes, en-
courage more adaptive thinking styles and apply these
skills to everyday situations.” In a sample of adolescents
with anorexia nervosa, treatment with cognitive reme-
diation therapy was associated with an improvement in
shift scores on the BRIEF by both self report and parent
proxy-report?’4 Cognitive remediation therapy may be
paired with emotion skills training, which focuses on rec-
ognizing, managing and expressing emotions.® Cognitive
remediation and emotion skills training could be helpful
tools to manage set-shifting and emotional regulation
problems in persons with type 1 diabetes and disordered
eating behaviours. A better understanding of the relation-
ship between executive function and disordered eating
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TABLE 2 Executive function behaviour level
problems on Behavioral Regulation Index

and Metacognition Index clinical scales

DIABETIC A

Disordered eating behaviour level

(score 260) according to disordered eating Low Moderate High P
(N=99) (N=49) (N=21) value
Behavioral Regulation Index clinical scales: youth self report (% of teens 260)
Emotional control 2(2) 9 (18) 6(29) <0.001
Inhibit 5(5) 3(6) 3(14) 0.175
Monitor 2(2) 4(8) 2(10) 0.059
Shift 2(2) 12 (24) 4(19) <0.001
Behavioral Regulation Index clinical scales: parent proxy-report (% of teens =60)
Emotional control 16 (16) 13 (27) 8(38) 0.016
Inhibit 14 (14) 9(19) 3(14) 0.747
Shift 20 (20) 12 (25) 6(29) 0.343
Metacognition Index clinical scales: youth self report (% of teens =60)
Organization of materials 8(8) 8(16) 2(10) 0.416
Plan/organize 3(3) 7(14) 2(10) 0.055
Working memory 6(6) 8(16) 3(14) 0.080
Task completion 9(9) 16 (33) 4(19) 0.016
Metacognition Index clinical scales: parent proxy report (% of teens 260)
Organization of materials 26 (26) 23 (48) 9 (43) 0.023
Plan/organize 24 (24) 10(21) 7 (33) 0.606
Working memory 29 (29) 15(31) 7(33) 0.691
Initiate 18 (18) 15 (31) 9 (43) 0.008
Monitor 21(21) 12 (25) 8 (38) 0.126

Note: Data presented are n (%). p values obtained from Mantel-Haenszel chi-square tests. Disordered
eating behaviour level: Low = DEPS-R <10, Moderate = DEPS-R 10-19, High = DEPS-R >20. The
Monitor scale is part of the Behavioral Regulation Index in the BRIEF youth self-report version and
part of the Metacognition Index in the BRIEF parent proxy-report version. The Task Completion scale
is included in the youth self-report version but not the parent proxy-report version. The initiate scale is
included in the parent proxy-report version but not the youth self-report version.

behaviours in persons with type 1 diabetes will be bene-
ficial for efforts to develop effective treatments for disor-
dered eating behaviours in persons with type 1 diabetes.
We assessed executive function by both teen self re-
port and parent proxy-report, allowing for more compre-
hensive evaluation of teen executive function. Most prior
studies evaluating executive function in teens with type 1
diabetes have included teen self report® or parent proxy-
report of executive function,” but not both. The higher
prevalence of teen executive function problems by parent
proxy-report than teen self report observed in our sample
is consistent with other data from adolescents with trau-
matic brain injury,® adolescents with specific language
impairment®” and typically developing adolescents.***’
It is important to recognize that when differences are
observed between two raters, one rater is not necessar-
ily better or more accurate than the other. Rather, both
can provide important, complementary information. The
BRIEF-SR manual states that ‘{The BRIEF-SR] is intended

as an adjunct to parent and/or teacher observations of
the same functions, such as those captured by the BRIEF
Parent and Teacher Forms. Comparing all views of an in-
dividual's functioning provides a more comprehensive set
of assessment data, and similarities and differences be-
tween raters can be clinically useful’*® Although the prev-
alence of executive function problems differed between
teen self report and parent proxy-report, the direction of
most associations between level of disordered eating be-
haviours and self report/parent proxy-report of executive
function was similar. Differences may be due in part to the
fact that there is no parent proxy version of the DEPS-R
and therefore parent proxy-report of executive function
was compared with teen self report of disordered eating
behaviours in the analyses.

A strength of the present study is that the sample only
included teens (13-17 years old), which makes the sample
suitable to better understanding the association of problems
with executive function and disordered eating behaviours in
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teens with type 1 diabetes. Another strength is the assess-
ment of executive function by the BRIEF, which is com-
posed of several clinical scales assessing different executive
domains; other studies evaluate only a specific domain such
as set-shifting.'®* Although our assessments of executive
function and disordered eating behaviours were based on
self-reportand parent proxy-report surveys, both of the mea-
sures used (DEPS-R and BRIEF) are validated and widely
used measures for assessing the respective constructs of dis-
ordered eating behaviours and executive function.

Our study has a number of limitations. First, direc-
tionality or causality cannot be determined in this study
given the cross-sectional nature of the analyses. Second,
we were not able to assess associations of executive func-
tion problems with disordered eating behaviours using
the clinically significant higher cut-point of >65% on the
BRIEF, as the percent of teens exceeding this threshold
was relatively small by both youth and parent report.
Nonetheless, the current analyses provide exploratory
observations of likely clinically important associations
between mildly elevated scores on the BRIEF with mod-
erate and high risk for disordered eating behaviours
using the validated DEPS-R scale. Next, although we
used a p value of <0.01, there is still a possibility of
type 1 error due to multiple comparisons. In particular,
there was an unusual observation of greater executive
function problems for the metacognition index in teens
with moderate level of disordered eating behaviours and
not a high level, suggesting possible type 1 error. In ad-
dition, the sample included a relatively high percent of
teens from two-parent families and high parental edu-
cational attainment, potentially limiting generalizabil-
ity. However, disordered eating behaviours are relatively
common in such a demographic. The study sample
was also limited to teens with an HbAlc of 6.5%-11.0%
(48-97 mmol/mol). The exclusion of teens with higher
HbAIlc levels may have excluded some teens with higher
levels of disordered eating behaviours and/or executive
function problems. Future studies, including longitu-
dinal research, are needed to better understand the as-
sociations between executive function problems and
disordered eating behaviours, especially in more diverse
samples of teens with type 1 diabetes, to inform specific
interventions to preserve physical and mental health of
teens for the present and future.

In summary, executive function problems were asso-
ciated with disordered eating behaviours in our sample
of teens with type 1 diabetes. If clinicians are aware of
potential difficulties with executive function, they can
also be alert for disordered eating behaviours and in-
tervene at the first sign before such behaviours become
established and more difficult to treat. A better under-
standing of the relationship between executive function

problems and disordered eating behaviours in persons
with type 1 diabetes will help to develop effective treat-
ments for this population. Indeed, in a special issue
of Diabetic Medicine commemorating the 25th anni-
versary of the Psychosocial Aspects of Diabetes Study
Group, Broadley et al. cited the need for additional re-
search, stating that ‘further investigation into cogni-
tive correlates of disordered eating in diabetes could be
fruitful, as cognitive interventions for disordered eating
have been explored in populations without diabetes and
may present an opportunity for treatment or prevention
in people with diabetes’** In teens with type 1 diabetes
and disordered eating behaviours, a focus on executive
function—and any specific domains that are impaired—
may be a new target in the management of disordered
eating behaviours to prevent progression to clinical eat-
ing disorders.
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11 DISCUSSION

This thesis contributes to the knowledge of prevalence of and factors
associated with disordered eating behaviors (DEB) in adolescents with type 1 diabetes
(T1D). The studies included in this thesis shed light on the association of DEB with
sociodemographic, biomedical, and psychosocial factors (study 1) and executive

dysfunction (study 2) in adolescents with T1D.

The first study found that approximately four out of every ten adolescents had
moderate or high level of DEB; 15% presented high level of DEB, and 26% presented
moderated level of DEB. These prevalence rates are within the range of prevalence
found by other authors assessing high levels of DEB 108:117.118,120-123 3 moderate levels
of DEB 131,163,168 The prevalence of high level of DEB was close to that found in other
studies (18-38%) using the cut-off score (220) of Diabetes Eating Problem Survey

Revised (DEPS-R) to assess the high level of DEB 10%:119-121,124,126,127

This study showed that several sociodemographic and biomedical factors were
associated with both moderate and high levels of DEB in teens with T1D. As described
in the literature among people with T1D, in current research higher level of DEB was
associated with female sex 4117119712126 hisher body mass index (BMI)
119,124,138,139,143,144 '|ass blood glucose monitoring (BGM) *** and higher levels of glycated
hemoglobin (HbA1lc) 117:119120,131,138,144,150,158 ' Hjsher |evels of DEB were found to be
associated with lower levels of parental education, echoing the literature had been

linked DEB to lower socioeconomic status in people with T1D 126136,

Previous literature show higher level of DEB in older adolescents than younger
ones 19124 byt these differences in age were not found in the current study. This
could be explained by the fact that the age range (13-17 years old) of the sample was

narrower than in other studies in the literature 2%, In addition, while the previous
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research shown insulin pump use to be related with lower risk of DEB 3917  this
association was not found either in the current study, although there was a higher

percentage of pump users with lower levels of DEB.

This study also confirmed the association found in previous research between
more DEB and poorer psychosocial characteristics, such as depressive symptoms
122,124,127,140143 3nd poorer quality of life (QoL) 243, and also with diabetes-specific
psychosocial characteristics such as poorer diabetes treatment adherence 144150158
and higher diabetes-related family conflict 116169161 = Additionally, DEB was found to
be associated with negative affect related to BGM. Although this association had not

been previously assessed in the literature to date, negative emotions related with

BGM had been associated with diabetes-related family conflict and poor QoL *°.

Previous research in the general population had found that executive function
(EF) problems were associated with DEB %" and eating disorders (ED) *®%°. In the
same way, the second study also confirms an important association between EF
problems and DEB in people with T1D according to both parent and teen reports.
General executive dysfunction was more prevalent in those with moderate to high
levels of DEB than among those who had a low level of DEB. Even though this
association was only statistically significant in the self-reported version, the direction
of most associations between level of DEB by both versions assessments of EF was

similar.

Specially, in this study, it was showed that DEB were associated with behavioral
dysregulation, as measured by the Behavioral Regulation Index (BRI), in line with the
previous studies in general population **. Ciszewski et al., found that behavioral
regulation domains such as emotional control, shift, inhibition and self-monitoring
were related with ED symtoms *°. In present research, EF problems, as registered on

the emotional control and shift, subscales of BRI, by teen self-report and on the
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initiate, subscale of metacognition index, by parent proxy-report were associated with
moderate to high levels of DEB. Similarly, studies in general population showed that
problems with flexibility are associated with ED such as binge eating *® and with
bulimia and anorexia nervosa *°. Among people with T1D, Broadley et al. 1¢° also found
that DEB were associated with flexibility problems and Young-Hyman et al. ¢ found
that bulimic symptoms were related with emotional dysregulation. In fact, in both the
general and T1D population it has been suggested that disordered eating is sometimes
used to manage emotional distress %170, Regarding the association between the

l. 185 also found that

initiate subscale and DEB according to parent report, Broadley et a
in a sample of adults with T1D, DEB were associated with metacognitive scales such as
planning/organizing which could suggest that those with problems also in
metacognition tend to misuse disordered eating in order to solve problems. To sum
up, these findings advice that dysfunction in certain EF domains might act as a risk and

maintenance factor for DEB in people with T1D.

11.1 STRENGTHS AND LIMITATIONS

A strength of both studies included in this thesis is the utilization of the DEPS-
R, which is a diabetes-specific scale, to assess DEB 6. DEPS-R is validated to be used
in adolescents and recommended by the American Diabetes Association to screen for
eating problems in people with insulin treated diabetes 7711, Among people with T1D,
itisimportant to use a diabetes-specific measure because general scales do not screen
for diabetes-specific behaviors such as insulin omission or restriction. In addition, T1D
requires carbohydrate counting and attention to food intake which on general scales

could be mistakenly considered DEB.

DEPS-R has a validated cut-off (220 ) which detects people with a high level of
DEB !%°, In both studies, teens were categorized into three DEB levels according to their
DEPS-R scores. The high level DEB group had DEPS-R scores of 220. The moderate DEB

level group had DEPS-R scores of 10-19. The low level DEB group had DEPS-R scores of

76



<10. According to previous literature, it is important not only to identify those
individuals with high levels of DEB, but also those in the moderate DEB group, in terms

131 and DEB severity 193168  Detecting

of prevention of diabetes complications
adolescents with moderate levels of DEB may allow identification of teens in a clinical
course point when interventions could prevent development of more severe DEB or
even progression to clinical ED. It may also allow to protect teens from experiencing

acute or chronic diabetes complications.

The teens in the moderate level DEB group in the first study differed from their
peers in both the low and high-level DEB groups in terms of characteristics such as
weight status, parent education, BGM frequency, HbAlc levels, negative affect
regarding BGM, general quality of life (QoL), and depressive symptoms. While in some
characteristics, including sex, treatment adherence and diabetes-specific family
conflict, the moderate group was similar to the high DEB group. These are the first
studies in the field to assess the moderate level DEB group using a diabetes-specific
survey. As the moderate level of DEB group has different characteristics than those of
the low and high level of DEB groups, it is considered important to assess the three

levels when exploring DEB.

Many studies exploring DEB in people with T1D have only included females
128,133,150,163 ' Therefore, the inclusion of both females and males could be considered
another strength of these studies. Including both males and females could contribute
new information about sex differences in eating behavior among people with T1D.
Another strength could be that the studies only include teens (13-17 years old),
thereby providing extensive information on a stage of life when people are particularly

vulnerable to develop DEB.

A remarkable strength of the second study is that the evaluation of EF was

carried out using BRIEF, which is a tool that in addition to including general
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assessment, it also has different clinical scales each aimed at different EF domains.
Previous studies evaluating EF in ED focused on a specific domain such as set-shifting
4849 gptained limited assessment of EF. In addition, EF evaluation in this study included
a self-report and a parent proxy-report, while previous studies included only a self-
report ° or a parent proxy-report on EF %, but not both. Differences between raters
do not necessarily imply that one rater is more accurate or give better information
than another, but that both may provide complimentary data altogether contributing
to a more comprehensive set of EF assessment. Getting EF information from two
different sources provides a potentially useful clinically opportunity to look at
similarities and differences between providers *°. The higher prevalence of executive
dysfunction according to parent proxy-report than in the teen self-report coincided
with other studies of adolescents, including those with language impairment 7%,

172 and neurophsychologically healthy controls /72, This could

traumatic brain injury
be explained by the fact that EF and awareness of EF in adolescence are still in
development 1. Despite the difference in prevalence between the parent proxy-
report and the self-report, the direction of the associations between level of DEB and
EF problems was, as mentioned above, similar. Differences in these associations could
be in part due to the lack of a parent proxy version of DEPS-R. There is no parent

version of DEPS-R, thus BRIEF parent proxy-report was compared with the DEPS-R teen

self-report in the analyses, which could be a limitation.

Another limitation of the second study is that the analyses were performed
using mildly elevated scores of BRIEF (>60) instead of using the prescribed cut-off for
clinical significance of =65 173 because the percent of teens over the threshold was

relatively small in both the youth and parent report.

A limitation of both studies included in this thesis is their cross-sectional design.
The results provide information about association without directionality or causality.

Longitudinal literature in T1D shows that DEB tends to persist or progress to severe
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forms 123:128131,133,145150 | 3 |ongitudinal study among 169 adolescents with T1D, the
author of this thesis and colleagues found that 66% of teens stayed at the same level

of DEB and 20% progressed to a higher level of DEB upon an 18 month follow-up 174,

In addition, both studies included relatively homogeneous samples. Most of the
participants came from two-parent families with high levels of parental educational
attainment, which could limit generalizability. Another limitation of both studies is
that the participants’ HbAlc was limited to 6.5%—11.0% (48—97 mmol/mol), excluding
those with higher HbAlc, a factor that might have excluded some teens with DEB

and/or EF problemes.

11.2 CLINICAL IMPLICATIONS

The results of this thesis have several clinical implications in terms of
prevention, early detection, and DEB management in adolescents with T1D. Clinicians
who attend people with T1D should be aware of the associations related to DEB

reported in this thesis.

The information in these studies could be useful in the design of specific
preventive measures. As mentioned previously, adolescents are at increased risk of
presenting risky behaviors. Therefore, health educational interventions addressed to
teenagers and families and focused on general and diabetes-specific healthy eating
patterns could not only improve diabetes management, but it could also help prevent
the appearance of unhealthy disordered eating. Positive motivational interviews,
tailored for adolescents and young adults with T1D, promote diabetes treatment
adherence and could also promote healthy lifestyle among this population. Moreover,
diabetes-educational programs addressed to families and youth with T1D could
improve diabetes management: blood glucose monitoring, carbohydrate counting and
insulin use, all them diabetes-specific behaviors that may be associated with DEB. In

addition, the authors recommend regular exercise practice promotion among
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adolescents with T1D since sport, in addition to improving glycemic levels, can also
protect from developing overweight and obesity, which in turn could prevent

unhealthy weight control behaviors.

As mentioned earlier, adolescents with T1D present high levels of negative
affect such as depressive symptoms which brings out the need for appropriate
psychological support to this population. Appropriate psychological support should
help them manage emotional discomfort and respond effectively to negative
emotions. To note, negative emotion before, during or after meals could negatively
affect food intake. Thus, managing negative affect in adolescent with T1D would

prevent the development of unhealthy eating behaviors and/or insulin misuse.

Another element that could help preventing the risk of DEB is family
psychological support for parents with adolescents with T1D. This type of
psychological support would provide parents with tools for better management of
emotional distress and/or caregiver burnout, which ultimately could reduce diabetes-
specific family conflict improving family environment and in turn, family mental

health.

Data on many of the biomedical characteristics examined in the first study, such
BMI and HbA1lc, are collected during regular clinical diabetes appointments, and
changes in these measurements could act as a warning to explore DEB during a routine
appointment. Eilander et al. 17> describe factors associated with DEB (for example
elevated HbAlc and body dissatisfaction) as clinical and psychological ‘yellow flags’
and recommend for screening for them in routine clinical visits. The authors of the first
study recommend to add psychological screening regarding depressive symptomes,

weight, and body concerns in regular diabetes visits.
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If clinicians are aware of factors associated with executive dysfunction such as
poor diabetes treatment adherence and/or DEB, they be better able to collect
information about executive dysfunction in order to uncover any potential indicators
of these risky behaviors. Specially, considering the EF problems found associated with
DEB, clinicians should ask teens about problems in emotional control (overreactions,
tearful, angry outbursts) and presence of rigidity (upset or disturbed when plans
change), and ask parents about problems in task initiation (not a self-starter, not taking
the initiative). Young-Hyman et al. ”” recommend screening for cognitive impairment
in adults with T1D, and the authors of the second study underline the importance of

also assessing adolescents for the presence of possible EF problems.

If we take into consideration all the information provided in this thesis, the
profile most likely associated with DEB among adolescents with T1D would be: a girl
with overweight/obesity, low parent education, low frequency of BGM, poor diabetes
treatment adherence, negative affect associated with the results of the BGM, diabetes
family conflict, depressive symptoms, poor QolL, and problems in emotional control,

flexibility and in task initiation.

The identification of the factors explored in this thesis could also help clinicians
to design tailored treatment plans. DEB and ED are especially difficult to treat in people
with T1D, not only for the comorbidity of the diabetes per se, associated with poor
metabolic control and diabetes-specific complications, but also for the peculiarities of
the DEB due to the diabetes, such as the possibility of the presence of a unique weight
control behavior such as insulin omission or restriction. Indeed, there is no sufficient

and successful evidence-based interventions for DEB in people with T1D.

Some neuropsychological interventions, used in the general population with
ED, target are specific domains of EF to improve ED symptoms. Cognitive Remediation

Therapy (CRT) is an intervention which uses cognitive exercises to improve different
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domains of EF including rigidity ’®'’7. Cognitive Remediation and Emotion Skills
Training (CREST) adds to the CRT exercises for emotional recognition, expression and
management 78, CRT was associated with the improvement of shift scores on the
BRIEF, both in the self-report and the parent proxy-report, in a sample of adolescents
with anorexia nervosa 1’°. And the CREST was found to improve shift and the emotion
task among adults with anorexia nervosa in an in-patient unit '8, In light of these
findings in the general population, the CRT and CREST could be also helpful to manage
DEB in people with T1D and EF problems. Thus, treatments that have proven useful in
the general population with ED could be an opportunity for treatment of DEB and ED

among people with T1D.

Another aspect to consider when treating DEB or ED in people with T1D is the
need to embrace a multidisciplinary approach, as associated factors affect many
dimensions of the person. As biomedical, diabetes-related, psychosocial,
neuropsychological, and socioeconomic factors are associated with DEB,
endocrinology and mental health teams with knowledge of T1D and ED, respectively,
along with social workers and social educators, all have essential roles to play in

managing DEB and ED in people with T1D.

In summary, identifying factors that could make a person with T1D likely to
develop DEB may facilitate early clinical detection and intervention for these behaviors
and prevent the development of severe forms of DEB or clinical ED. The detection of
these factors could be helpful in the design of tailored preventive measures and more
effective treatments for DEB and ED symptoms in adolescents with T1D. In addition,
an early identification of DEB or those more vulnerable to develop DEB among people
with T1D should make diabetes clinicians more focused in improving metabolic control

to prevent acute and chronic diabetes complications and premature mortality.
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11.3 RESEARCH IMPLICATIONS / FUTURE PERSPECTIVES

Future research, including longitudinal research and studies with more diverse
samples of teens with T1D, is needed to expand the knowledge of factors associated
with DEB in teens with T1D.

Research with more heterogenic samples, with more diverse socioeconomic
status and a wider age range could help increase the generalizability of the findings. In
addition, longitudinal data would give information about the direction of association
and could help shed more light on the progression to both severe forms of DEB and
the development of ED. Longitudinal studies could also be useful to assess the
effectiveness of specific preventive and treatment interventions for DEB in people
with T1D and to determine if these interventions are adequate to help adolescents

with T1D preserve and recover their physical and mental health.
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12 CONCLUSIONS

The aim of this thesis was to study the prevalence and the factors associated with
disordered eating behaviors in teens with type 1 diabetes. The investigation was
focused on the prevalence and sociodemographic, biomedical, and psychosocial

factors; and executive dysfunction:

1. Disordered eating behaviors were prevalentin a sample of adolescents with
type 1 diabetes.

2. Disordered eating behaviors were more prevalent among females.

3. No differences were found between the groups with high, moderate, and
low levels of disordered eating behaviors in association with age.

4. Disordered eating behaviors were associated with lower socioeconomic
status.

5. Disordered eating behaviors were associated with high weight status.

6. Disordered eating behaviors were associated with a lower frequency of
blood glucose monitoring.

7. Disordered eating behaviors were associated with higher blood glycated
hemoglobin.

8. No differences were found between high, moderate, and low levels of
disordered eating behaviors and insulin pump use.

9. Disordered eating behaviors were associated with poor diabetes treatment
adherence.

10. Disordered eating behaviors were associated with negative affect with
regard to blood glucose levels.

11. Disordered eating behavior were associated with diabetes-related family
conflict.

12. Disordered eating behaviors were associated with depressive symptoms.

13. Disordered eating behaviors were associated with poor quality of life.
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14. Disordered eating behaviors were associated with general executive
function problems, reported by teens, in a sample of adolescents with type
1 diabetes.

15. In a sample of adolescents with type 1 diabetes, disordered eating
behaviors were associated with behavioral dysregulation reported by
teens.

16. Problems in emotional control and flexibility, according to teen self-report,
were associated with disordered eating behaviors.

17. Problems in task initiation, according to parent proxy report, were

associated with disordered eating behaviors.

85



13 REFERENCES

10.

11.

12.

13.
14.

15.

16.

Levine MP, Piran N, Irving LM. Disordered Eating Behavior, Adolescence. In: Encyclopedia of
Primary Prevention and Health Promotion. Boston, MA: Springer US; 2003. p. 422-8.

American Psychiatry Association (APA). Diagnostic and Statistical Manual of Mental Disorders.
DSM-5. Fifth Edit. Washington, DC; 2013. 329-354 p.

Harrison AN, James Bateman CCB, Younger-Coleman NOM, Williams MC, Rocke KD, Clato-Day
Scarlett SC, et al. Disordered eating behaviours and attitudes among adolescents in a middle-
income country. Eat Weight Disord. 2020;25(6):1727-37.

Sparti C, Santomauro D, Cruwys T, Burgess P, Harris M. Disordered eating among Australian
adolescents: Prevalence, functioning, and help received. Int J Eat Disord. 2019;52(3):246-54.

Jankauskiene R, Baceviciene M, Pajaujiene S, Badau D. Are adolescent body image concerns
associated with health-compromising physical activity behaviours? Int J Environ Res Public
Health. 2019;16(7):1225.

Zeiler M, Waldherr K, Philipp J, Nitsch M, Dir W, Karwautz A, et al. Prevalence of Eating
Disorder Risk and Associations with Health-related Quality of Life: Results from a Large
School-based Population Screening. Eur Eat Disord Rev. 2016;24(1):9-18.

Lee HJ, Park S, Kim C I, Choi DW, Lee JS, Oh SM, et al. The Association between Disturbed
Eating Behavior and Socioeconomic Status: The Online Korean Adolescent Panel Survey
(OnKAPS). PLoS One. 2013;8(3):6-12.

Neumark-Sztainer D, Hannan PJ, Story M, Perry CL. Weight-control behaviors among
adolescent girls and boys: Implications for dietary intake. ] Am Diet Assoc. 2004;104(6):913—
20.

Croll J, Neumark-Sztainer D, Story M, Ireland M. Prevalence and risk and protective factors
related to disordered eating behaviors among adolescents: relationship to gender and
ethnicity. ) Adolesc Health. 2002;31(2):166-75.

Yoon C, Mason SM, Hooper L, Eisenberg ME, Neumark-Sztainer D. Disordered Eating
Behaviors and 15-year Trajectories in Body Mass Index: Findings From Project Eating and
Activity in Teens and Young Adults (EAT). J Adolesc Heal. 2020;66(2):118—88.

Striegel-Moore RH, Rosselli F, Perrin N, DeBar L, Wilson GT, May A, et al. Gender Difference in
the Prevalence of Eating Disorder Symptoms. Int J Eat Disord. 2009;42(5):471-4.

Forbush K, Heatherton TF, Keel PK. Relationships Between Perfectionism and Specific
Disordered Eating Behaviors. Int J Eat Disord. 2007;40(1):37-41.

Curtis AC. Defining Adolescence. J Adolesc Fam Heal. 2015;7(2):1-39.

Kann L, McManus T, Harris WA, Shanklin SL, Flint KH, Queen B, et al. Youth Risk Behavior
Surveillance - United States, 2017. MMWR Surveill Summ. 2018;67(8):1-114.

Micali N, Ploubidis G, De Stavola B, Simonoff E, Treasure J. Frequency and patterns of eating
disorder symptoms in early adolescence. J Adolesc Heal. 2014;54(5):574-81.

Sharpe H, Griffiths S, Choo TH, Eisenberg ME, Mitchison D, Wall M, et al. The relative
importance of dissatisfaction, overvaluation and preoccupation with weight and shape for
predicting onset of disordered eating behaviors and depressive symptoms over 15 years. Int J
Eat Disord. 2018;51(10):1168-75.

86



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Loth KA, Maclehose R, Bucchianeri M, Crow S, Neumark-Sztainer D. Predictors of dieting and
disordered eating behaviors from adolescence to young adulthood. J Adolesc Heal.
2014;55(5):705-12.

Haines J, Kleinman KP, Rifas-Shiman SL, Field AE, Bryn Austin S. Examination of shared risk
and protective factors for overweight and disordered eating among adolescents. Arch Pediatr
Adolesc Med. 2010;164(4):336-43.

Rohde P, Stice E, Marti CN. Factors during Adolescence : Implications for Prevention Efforts.
Int J Eat Disord. 2016;48(2):187-98.

Stice E, Marti CN, Durant S. Risk factors for onset of eating disorders: Evidence of multiple risk
pathways from an 8-year prospective study. Behav Res Ther. 2011;49(10):622-7.

Stice E, Presnell K, Spangler D. Risk factors for binge eating onset in adolescent girls: A 2-year
prospective investigation. Heal Psychol. 2002;21(2):131-8.

Delee ML, Hughes TL, Miller JA, Hipwell A, Theodore LA. Prevalence of eating disturbance and
body image dissatisfaction in young girls: An examination of the variance across racial and
socioeconomic groups. Psychol Sch. 2009;46(8):767-75.

Mulders-Jones B, Mitchison D, Girosi F, Hay P. Socioeconomic correlates of eating disorder
symptoms in an Australian population-based sample. PLoS One. 2017;12(1):1-17.

Wardle J, Griffith J. Socioeconomic status and weight control practices in British adults. J
Epidemiol Community Health. 2001;55(3):185—90.

Moya T, Fleitlich-Bilyk B, Goodman R. Brief report: Young people at risk for eating disorders in
Southeast Brazil. J Adolesc. 2006;29(2):313-7.

Power Y, Power L, Canadas MB. Low socioeconomic status predicts abnormal eating attitudes
in Latin American female adolescents. Eat Disord. 2008;16(2):136—45.

Neumark-Sztainer D, Story M, Falker NH, Beuhring T, Resnick MD. Sociodemographic and
Personal Characteristics of Adolescents Engaged in Weight Loss and Weight:Muscle Gain
Behaviors- Who Is Doing What? Prev Med (Baltim). 1999;28(1):40-50.

Hughes EK, Kerr JA, Patton GC, Sawyer SM, Wake M, Le Grange D, et al. Eating disorder
symptoms across the weight spectrum in Australian adolescents. Int J Eat Disord.
2019;52(8):885—-94.

Nagata JM, Garber AK, Tabler JL, Murray SB, Bibbins-Domingo K. Differential Risk Factors for
Unhealthy Weight Control Behaviors by Sex and Weight Status Among U.S. Adolescents. J
Adolesc Heal. 2018;63(3):335-41.

Nagata JM, Garber AK, Tabler JL, Murray SB, Bibbins-Domingo K. Prevalence and Correlates of
Disordered Eating Behaviors Among Young Adults with Overweight or Obesity. J Gen Intern
Med. 2018;33(8):1337-43.

Lipson S, Sonneville K. Eating disorder symptoms among undergraduate and graduate
students at 12 U.S. colleges and universities. Eat Behav. 2017;24:81-8.

Wiklund CA, Kuja-Halkola R, Thornton LM, Balter K, Welch E, Bulik CM. Childhood body mass
index and development of eating disorder traits across adolescence. Eur Eat Disord Rev.
2018;26(5):462-71.

Goldschmidt AB, Wall MM, Choo THJ, Evans EW, Jelalian E, Larson N, et al. Fifteen-year
Weight and Disordered Eating Patterns Among Community-based Adolescents. Am J Prev

87



34.

35.

36.

37.

38.

39.

40.

41.

42.

43,
44,

45.

46.

47.

48.

49.

Med. 2018;54(1):e21-9.

Neumark-Sztainer DR, Wall MM, Haines JI, Story MT, Sherwood NE, van den Berg PA. Shared
Risk and Protective Factors for Overweight and Disordered Eating in Adolescents. Am J Prev
Med. 2007;33(5).

Neumark-Sztainer D, Wall M, Guo J, Story M, Haines J, Eisenberg M. Obesity, disordered
eating, and eating disorders in a longitudinal study of adolescents: How do dieters fare 5
years later? ] Am Diet Assoc. 2006;106(4):559-68.

Nagata JM, Garber AK, Tabler J, Murray SB, Vittinghoff E, Bibbins-Domingo K. Disordered
eating behaviors and cardiometabolic risk among young adults with overweight or obesity.
Int J Eat Disord. 2018;51(8):931-41.

Neumark-Sztainer D, Bauer KW, Friend S, Hannan PJ, Story M, Berge JM. Family weight talk
and dieting: How much do they matter for body dissatisfaction and disordered eating
behaviors in adolescent girls? J Adolesc Heal. 2010;47(3):270-6.

Haines J, Neumark-Sztainer D, Eisenberg ME, Hannan PJ. Weight teasing and disordered
eating behaviors in adolescents: Longitudinal findings from project EAT (Eating Among
Teens). Pediatrics. 2006;117(2):e209-15.

Micali N, De Stavola B, Ploubidis G, Simonoff E, Treasure J, Field AE. Adolescent eating
disorder behaviours and cognitions: Gender-specific effects of child, maternal and family risk
factors. Br J Psychiatry. 2015;207(4):320-7.

Santos M, Steven Richards C, Kathryn Bleckley M. Comorbidity between depression and
disordered eating in adolescents. Eat Behav. 2007;8(4):440-9.

Stephen EM, Rose JS, Kenney L, Rosselli-Navarra F, Weissman RS. Prevalence and correlates
of unhealthy weight control behaviors: Findings from the national longitudinal study of
adolescent health. J Eat Disord. 2014;2(16):1-9.

Lee KS, Vaillancourt T. Longitudinal associations among bullying by peers, disordered eating
behavior, and symptoms of depression during adolescence. JAMA Psychiatry.
2018;75(6):605-12.

Diamond A. Executive functions. Annu Rev Psychol. 2013;64:135-68.

Gioia G a, Isquith PK, Guy SC, Kenworthy L. Test Review: Behavior Rating Inventory of
Executive Function. Child Neuropsychol. 2000;6(3):235-8.

Ciszewski S, Flood KE, Proctor CJ, Best LA. Exploring the Relationship Between Disordered
Eating and Executive Function in a Non-Clinical Sample. Percept Mot Skills.
2020;127(6):1033-50.

Gowey MA, Lim CS, Dutton GR, Silverstein JH, Dumont-Driscoll MC, Janicke DM. Executive
function and dysregulated eating behaviors in pediatric obesity. J Pediatr Psychol.
2018;43(8):834-45.

Goldschmidt AB, Hipwell AE, Stepp SD, McTigue KM, Keenan K. Weight gain, executive
functioning, and eating behaviors among girls. Pediatrics. 2015;136(4):e856—63.

Dingemans AE, Visser H, Paul L, Van Furth EF. Set-shifting abilities, mood and loss of control
over eating in binge eating disorder: An experimental study. Psychiatry Res. 2015;230(2):242—-
8.

Roberts ME, Tchanturia K, Treasure JL. Exploring the neurocognitive signature of poor set-

88



50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

shifting in anorexia and bulimia nervosa. J Psychiatr Res. 2010;44(14):964-70.

Guy S, Isquith P, Gioia G. Behavior Rating Inventory of Executive Function Self-Report version:
Professional Manual. PAR. Lutz, FL; 2004.

Herpertz-Dahlmann B, Wille N, Holling H, Vloet TD, Ravens-Sieberer U. Disordered eating
behaviour and attitudes, associated psychopathology and health-related quality of life:
Results of the BELLA study. Eur Child Adolesc Psychiatry. 2008;17(Suppl.1):82-91.

Wu XY, Yin WQ, Sun HW, Yang SX, Li XY, Liu HQ. The association between disordered eating
and health-related quality of life among children and adolescents: A systematic review of
population-based studies. PLoS One. 2019;14(10):e0222777.

Landstedt E, Hammarstrom A, Fairweather-Schmidt AK, Wade T. Associations between
adolescent risk for restrictive disordered eating and long-term outcomes related to somatic
symptoms, body mass index, and poor well-being. Br J Health Psychol. 2018;23(2):496-518.

Mitchell TB, Steele RG. Bidirectional associations between disordered eating and health-
related quality of life in elementary school-age youth. J Pediatr Psychol. 2017;42(3):315-24.

Neumark-Sztainer D, Wall M, Larson NI, Eisenberg ME, Loth K. Dieting and Disordered Eating
Behaviors from Adolescence to Young Adulthood: Findings from a 10-Year Longitudinal Study.
J Am Diet Assoc. 2011;111(7):1004-11.

Haynos AF, Wall MM, Chen C, Wang SB, Loth K, Neumark-Sztainer D. Patterns of weight
control behavior persisting beyond young adulthood: Results from a 15-year longitudinal
study. Int J Eat Disord. 2018;51(9):1090-7.

Kotler LA, Cohen P, Davies M, Pine DS, Timothy Walsh B. Longitudinal relationships between
childhood, adolescent, and adult eating disorders. ] Am Acad Child Adolesc Psychiatry.
2001;40(12):1434-40.

Herle M, Stavola B De, Hibel C, Abdulkadir M, Ferreira DiS, Loos RJF, et al. A longitudinal
study of eating behaviours in childhood and later eating disorder behaviours and diagnoses.
Br J Psychiatry. 2020;216(2):113-9.

Atkinson MA, Eisenbarth GS, Michels AW. Type 1 diabetes. Lancet. 2014;383(9911):69-82.

Mobasseri M, Shirmohammadi M, Amiri T, Vahed N, Fard HH, Ghojazadeh M. Prevalence and
incidence of type 1 diabetes in the world: A systematic review and meta-analysis. Heal
Promot Perspect. 2020;10(2):98-115.

Katsarou A, Gudbjornsdottir S, Rawshani A, Dabelea D, Bonifacio E, Anderson BJ, et al. Type 1
diabetes mellitus. Nat Rev Dis Prim. 2017;3:1-18.

Maahs DM, West NA, Lawrence JM, Mayer-Davis EJ. Epidemiology of Type 1 Diabetes.
Endocrinol Metab Clin North Am. 2010;39(3):481-97.

Diaz-Valencia PA, Bougneéres P, Valleron Al. Global epidemiology of type 1 diabetes in young
adults and adults: A systematic review. BMC Public Health. 2015;15(1):255.

Rogers MAM, Kim C, Banerjee T, Lee JM. Fluctuations in the incidence of type 1 diabetes in
the United States from 2001 to 2015: A longitudinal study. BMC Med. 2017;15(1):199.

American Diabetes Association. Pharmacologic Approaches to Glycemic Treatment:
Standards of Medical Care in Diabetes 2022. Diabetes Care. 2022;45(1):5125-43.

Nathan DM. The diabetes control and complications trial/epidemiology of diabetes

89



67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

interventions and complications study at 30 years: Overview. Diabetes Care. 2014;37(1):9-16.

Reichard P, Bengt-Yngve N, Rosenqvist U. The effect of long-term intensified insulin
treatment on the development of microvascular complications of diabetes mellitus. N Engl J
Med. 1993;329(5):304-9.

The Diabetes Control and Complications Trial Research Group (DCCT). The effect of intensive
treatment of diabetes on the development and progression of long-term complications in
insulin-dependent diabetes mellitus. N Engl J Med. 1993;329:977-86.

American Diabetes Association. Lifestyle management: Standards of medical care in diabetes.
Diabetes Care. 2019;42(1):546-60.

American Diabetes Association. Glycemic Targets : Standards of Medical Care in Diabetes
2022. Diabetes Care. 2022;45(1):583-96.

The Diabetes Control and Complications Trial Research Group (DCCT). The Relationship of
Glycemic Exposure (HbAlc) to the Risk of Development and Progression of Retinopathy.
Diabetes. 1995;44:968—83.

Foster NC, Beck RW, Miller KM, Clements MA, Rickels MR, Dimeglio LA, et al. State of Type 1
Diabetes Management and Outcomes from the T1D Exchange in 2016-2018. Diabetes
Technol Ther. 2019;21(2):66-72.

Nathan D. Long Term Complication of Diabates Mellitus. N Engl J Med. 1993;328(23):1676—
85.

De Ferranti SD, De Boer IH, Fonseca V, Fox CS, Golden SH, Lavie CJ, et al. Type 1 diabetes
mellitus and cardiovascular disease: A scientific statement from the American Heart
Association and American Diabetes Association. Diabetes Care. 2014;130(13):1110-30.

Sousa GR, Pober D, Galderisi A, Lv H, Yu L, Pereira AC, et al. Glycemic control, cardiac
autoimmunity, and long-term risk of cardiovascular disease in type 1 diabetes: a DCCT/EDIC
Cohort-Based Study. Circulation. 2019;139(6):730-43.

Morris AD, Boyle DIR, McMahon AD, Greene SA, MacDonald TM, Newton RW. Adherence to
insulin treatment, glycaemic control, and ketoacidosis in insulin-dependent diabetes mellitus.
Lancet. 1997;350(9090):1505-10.

Young-Hyman D, de Groot M, Hill-Briggs F, Gonzalez JS, Hood K, Peyrot M. Psychosocial Care
for People With Diabetes: A Position Statement of the American Diabetes Association.
Diabetes Care. 2016;39(12):2126-40.

Mehta SN, Nansel TR, Volkening LK, Butler DA, Haynie DL, Laffel LMB. Validation of a
contemporary adherence measure for children with Type 1 diabetes: The Diabetes
Management Questionnaire. Diabet Med. 2015;32(9):1232-8.

American Diabetes Association. Children and adolescents: Standards of medical care in
diabetes. Diabetes Care. 2020;43(1):5163-82.

Palmer DL, Berg CA, Wiebe DJ, Beveridge RM, Korbel CD, Upchurch R, et al. The Role of
Autonomy and Pubertal Status in Understanding Age Differences in Maternal Involvement in
Diabetes Responsibility across Adolescence. J Pediatr Psychol. 2004;29(1):35-46.

Datye KA, Moore DJ, Russell WE, Jaser SS. A Review of Adolescent Adherence in Type 1
Diabetes and the Untapped Potential of Diabetes Providers to Improve Outcomes.
2015;15(8):621.

90



82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Katz ML, Volkening LK, Butler DA, Anderson BJ, Laffel LM. Family-based psychoeducation and
care ambassador intervention to improve glycemic control in youth with type 1 diabetes: A
randomized trial. Pediatr Diabetes. 2014;15(2):142-50.

Powell PW, Hilliard ME, Anderson BJ. Motivational Interviewing to Promote Adherence
Behaviors in Pediatric Type 1 Diabetes. Curr Diab Rep. 2014;14(10):531.

Monkemoller K, Miiller-Godeffroy E, Lilienthal E, Heidtmann B, Becker M, Feldhahn L, et al.
The association between socio-economic status and diabetes care and outcome in children
with diabetes type 1 in Germany: The DIAS study (diabetes and social disparities). Pediatr
Diabetes. 2019;20(5):637-44.

Carter PJ, Cutfield WS, Hofman PL, Gunn AJ, Wilson DA, Reed PW, et al. Ethnicity and social
deprivation independently influence metabolic control in children with type 1 diabetes.
Diabetologia. 2008;51(10):1835-42.

Gesuita R, Skrami E, Bonfanti R, Cipriano P, Ferrito L, Frongia P, et al. The role of socio-
economic and clinical factors on HbA1lc in children and adolescents with type 1 diabetes: an
Italian multicentre survey. Pediatr Diabetes. 2017;18(3):241-8.

Hood KK, Butler DA, Anderson BJ, Laffel LMB. Updated and revised diabetes family conflict
scale. Diabetes Care. 2007;30(7):1764-9.

Anderson BJ, Vangsness L, Connell A, Butler D, Goebel-Fabbri A, Laffel LMB. Family conflict,
adherence, and glycaemic control in youth with short duration Type 1 diabetes. Diabet Med.
2002;19(8):635-42.

Williams LB, Laffel LMB, Hood KK. Diabetes-specific family conflict and psychological distress
in paediatric Type 1 diabetes. Diabet Med. 2009;26(9):908-14.

Hood KK, Butler DA, Volkening LK, Anderson BJ, Laffel LM. The Blood Glucose Monitoring
Communication Questionnaire An instrument to measure affect specific to blood glucose
monitoring. Diabetes Care. 2004;27(11):2610-5.

Griffin A. Adolescent neurological development and implications for health and well-being.
Healthc. 2017;5(4):62.

Perez KM, Patel NJ, Lord JH, Savin KL, Monzon AD, Whittemore R, et al. Executive Function in
Adolescents with Type 1 Diabetes: Relationship to Adherence, Glycemic Control, and
Psychosocial Outcomes. J Pediatr Psychol. 2017;42(6):636—46.

Goethals ER, de Wit M, Van Broeck N, Lemiere J, Van Liefferinge D, Bohler S, et al. Child and
parental executive functioning in type 1 diabetes: Their unique and interactive role toward
treatment adherence and glycemic control. Pediatr Diabetes. 2018;19(3):520-6.

Berg CA, Wiebe DJ, Suchy Y, Turner SL, Butner J, Munion A, et al. Executive function
predicting longitudinal change in type 1 diabetes management during the transition to
emerging adulthood. Diabetes Care. 2018;41(11):2281-8.

Vloemans AF, Eilander MMA, Rotteveel J, Bakker-van Waarde WM, Houdijk ECAM, Nuboer R,
et al. Youth with type 1 diabetes taking responsibility for self-management: The importance
of executive functioning in achieving glycemic control results from the longitudinal DINO
study. Diabetes Care. 2019;42(2):225-31.

Nylander C, Tindberg Y, Haas J, Swenne |, Torbjornsdotter T, Akesson K, et al. Self- and
parent-reported executive problems in adolescents with type 1 diabetes are associated with
poor metabolic control and low physical activity. Pediatr Diabetes. 2018;19(1):98-105.

91



97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

Crochiere RJ, Lansing AH, Carracher A, Stanger C. Executive function and somatic problems in
adolescents with above target glycemic control. Pediatr Diabetes. 2019;20(1):119-26.

Telo GH, Cureau F V., Lopes CS, Schaan BD. Common mental disorders in adolescents with
and without type 1 diabetes: Reported occurrence from a countrywide survey. Diabetes Res
Clin Pract. 2018;135:192-8.

Cooper MN, Lin A, Alvares GA, de Klerk NH, Jones TW, Davis EA. Psychiatric disorders during
early adulthood in those with childhood onset type 1 diabetes: Rates and clinical risk factors
from population-based follow-up. Pediatr Diabetes. 2017;18(7):599-606.

Barnard KD, Skinner TC, Peveler R. The prevalence of co-morbid depression in adults with
type 1 diabetes: systematic literature review. Diabet Med. 2006;23(4):445-8.

Roy T, Lloyd CE. Epidemiology of depression and diabetes: A systematic review. J Affect
Disord. 2012;142(Suppl.):S8-21.

Hilliard ME, Herzer M, Dolan LM, Hood KK. Psychological screening in adolescents with type 1
diabetes predicts outcomes one year later. Diabetes Res Clin Pract. 2011;94(1):39-44.

Hood KK, Huestis S, Maher A, Butler D, Volkening L, Laffel LMB. Depressive symptoms in
children and adolescents with type 1 diabetes: Association with diabetes-specific
characteristics. Diabetes Care. 2006;29(6):1389-91.

McGrady ME, Laffel L, Drotar D, Repaske D, Hood KK. Depressive symptoms and glycemic
control in adolescents with type 1 diabetes: Mediational role of blood glucose monitoring.
Diabetes Care. 2009;32(5):804—6.

Stewart SM, Rao U, Emslie GJ, Klein D, White PC. Depressive symptoms predict hospitalization
for adolescents with type 1 diabetes mellitus. Pediatrics. 2005;115(5):1315-9.

Garrison MM, Katon W/, Richardson LP. The impact of psychiatric comorbidities on
readmissions for diabetes in youth. Diabetes Care. 2005;28(9):2150-4.

Northam EA, Matthews LK, Anderson PJ, Cameron FJ, Werther GA. Psychiatric morbidity and
health outcome in Type 1 diabetes - Perspectives from a prospective longitudinal study.
Diabet Med. 2005;22(2):152-7.

Jones JM, Lawson ML, Daneman D, Olmsted MP, Rodin G. Eating disorders in adolescent
females with and without type 1 diabetes: cross sectional study. BMJ. 2000;320(7249):1563—
6.

Troncone A, Cascella C, Chianese A, Zanfardino A, Piscopo A, Borriello A, et al. Body Image
Problems and Disordered Eating Behaviors in Italian Adolescents With and Without Type 1
Diabetes: An Examination With a Gender-Specific Body Image Measure. Front Psychol.
2020;11:556520.

Powers MA, Richter S, Ackard D, Gerken S, Meier M, Criego A. Characteristics of persons with
an eating disorder and type 1 diabetes and psychological comparisons with persons with an
eating disorder and no diabetes. Int J Eat Disord. 2012;45(2):252-6.

Herpertz S, Albus C, Wagener R, Kocnar M, Wagner R, Henning A, et al. Comorbidity of
diabetes and eating disorders: Does diabetes control reflect disturbed eating behavior?
Diabetes Care. 1998;21(7):1110-6.

Young-Hyman DL, Davis CL. Disordered eating behavior in individuals with diabetes:
Importance of context, evaluation, and classification. Diabetes Care. 2010;33(3):683-9.

92



113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

Peterson CM, Fischer S, Young-Hyman D. Topical review: A comprehensive risk model for
disordered eating in youth with type 1 diabetes. J Pediatr Psychol. 2015;40(4):385-90.

Baechle C, Castillo K, StralRburger K, Stahl-Pehe A, Meissner T, Holl RW, et al. Is disordered
eating behavior more prevalent in adolescents with early-onset type 1 diabetes than in their
representative peers? Int J Eat Disord. 2014;47(4):342-52.

Powers MA, Richter S, Ackard D, Critchley S, Meier M, Criego A. Determining the Influence of
Type 1 Diabetes on Two Common Eating Disorder Questionnaires. Diabetes Educ.
2013;39(3):387—-96.

Markowitz JT, Butler DA, Volkening LK, Antisdel JE, Anderson BJ, Laffel LMB. Brief screening
tool for disordered eating in diabetes: Internal consistency and external validity in a
contemporary sample of pediatric patients with type 1 diabetes. Diabetes Care.
2010;33(3):495-500.

Neumark-Sztainer D, Patterson J, Mellin A, Ackard DM, Utter J, Story M, et al. Weight Control
Practices and Disordered Eating Behaviors Among Adolescent Females and Males With Type
1 Diabetes. Diabetes Care. 2002;25(8):1289-96.

Colton P, Olmsted M, Daneman D, Rydall A, Rodin G. Disturbed eating behavior and eating
disorders in preteen and early teenage girls with type 1 diabetes: A case-controlled study.
Diabetes Care. 2004;27(7):1654-9.

Wisting L, Helge Frgisland D, Skrivarhaug T, Dahl-jgrgensen K, Rg @. Disturbed Eating
Behavior and Omission of Insulin in Adolescents Receiving Intensified Insulin Treatment A
nationwide population-based study. Diabetes Care. 2013;36(11):3382-7.

Doyle EA, Quinn SM, Ambrosino JM, Weyman K, Tamborlane W V., Jastreboff AM. Disordered
Eating Behaviors in Emerging Adults With Type 1 Diabetes: A Common Problem for Both Men
and Women. J Pediatr Heal Care. 2017;31(3):327-33.

Araia E, Hendrieckx C, Skinner T, Pouwer F, Speight J, King RM. Gender differences in
disordered eating behaviors and body dissatisfaction among adolescents with type 1
diabetes: Results from diabetes MILES youth—Australia. Int J Eat Disord. 2017;50(10):1183—
93.

Wisting L, Skrivarhaug T, Dahl-Jgrgensen K, Rg @. Prevalence of disturbed eating behavior and
associated symptoms of anxiety and depression among adult males and females with type 1
diabetes. J Eat Disord. 2018;6(1):1-10.

Baechle C, Hoyer A, Stahl-Pehe A, Castillo K, Toennies T, Lindner LME, et al. Course of
Disordered Eating Behavior in Young People With Early-Onset Type | Diabetes: Prevalence,
Symptoms, and Transition Probabilities. J Adolesc Heal. 2019;65(5):681-9.

Nip ASY, Reboussin BA, Dabelea D, Bellatorre A, Mayer-Davis EJ, Kahkoska AR, et al.
Disordered eating behaviors in youth and young adults with type 1 or type 2 diabetes
receiving insulin therapy: The SEARCH for diabetes in youth study. Diabetes Care.
2019;42(5):859-66.

Troncone A, Affuso G, Cascella C, Chianese A, Pizzini B, Zanfardino A, et al. Prevalence of
disordered eating behaviors in adolescents with type 1 diabetes: Results of multicenter Italian
nationwide study. Int J Eat Disord. 2022;55(8):1108-19.

Cherubini V, Skrami E, lannilli A, Cesaretti A, Paparusso AM, Alessandrelli MC, et al.
Disordered eating behaviors in adolescents with type 1 diabetes: A cross-sectional
population-based study in Italy. Int J Eat Disord. 2018;51(8):890-8.

93



127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

Rose M, Streisand R, Tully C, Clary L, Monaghan M, Wang J, et al. Risk of Disordered Eating
Behaviors in Adolescents with Type 1 Diabetes. J Pediatr Psychol. 2020;45(5):583-91.

Colton PA, Olmsted MP, Daneman D, Farquhar JC, Wong H, Muskat S, et al. Eating disorders
in girls and women with type 1 diabetes: A longitudinal study of prevalence, onset, remission,
and recurrence. Diabetes Care. 2015;38(7):1212-7.

lovane B, Peducci E, Incerti T, Falcone S, Santoro A, Fanelli U, et al. Disturbed eating behavior
in pre-teen and teenage girls and boys with type 1 diabetes. Acta Biomed. 2019;89(4):490-7.

Pursey KM, Hay P, Bussey K, Trompeter N, Lonergan A, Pike KM, et al. Diabetes and
disordered eating behaviours in a community-based sample of australian adolescents. J Eat
Disord. 2020;8(1):1-9.

Rydall AC, Rodin GM, Olmsted MP, Devenyi RG. Disordered eating behavior and
microvascular complications in young women with insulin-dependent diabetes mellitus. N
Engl J Med. 1997;336(26):1849-54.

Goebel-Fabbri AE, Fikkan J, Franko DL, Pearson K, Anderson BJ, Weinger K. Insulin restriction
and associated morbidity and mortality in women with type 1 diabetes. Diabetes Care.
2008;31(3):415-9.

Peveler RC, Bryden KS, Neil HAW, Fairburn CG, Mayou RA, Dunger DB, et al. The relationship
of disordered eating habits and attitudes to clinical outcomes in young adult females with
type 1 diabetes. Diabetes Care. 2005;28(1):84-8.

Custal N, Arcelus J, Agliera Z, Bove Fl, Wales J, Granero R, et al. Treatment outcome of
patients with comorbid type 1 diabetes and eating disorders. BMC Psychiatry. 2014;14(1):1-
5.

Jaser SS, Yates H, Dumser S, Whittemore R. Risky Business: Risk Behaviors in Adolescents
With Type 1 Diabetes. Diabetes Educ. 2011;37(6):756—64.

Troncone A, Chianese A, Zanfardino A, Cascella C, Confetto S, Piscopo A, et al. Disordered
Eating Behaviors Among Italian Adolescents with Type 1 Diabetes: Exploring Relationships
with Parents’ Eating Disorder Symptoms, Externalizing and Internalizing Behaviors, and Body
Image Problems. J Clin Psychol Med Settings. 2020;27(4):727-45.

lafusco D, Vanelli M, Gugliotta M, lovane B, Chiari G, Prisco F. Prevalence of Eating Disorders
with Type 1 Diabetes from two different italian cities. Diabetes Care. 2004;27(9):2278-86.

Watt A, Ng AH, Sandison A, Fourlanos S, Bramley A. Prevalence of disordered eating in adults
with type 1 diabetes in an Australian metropolitan hospital. Heal Soc Care Community.
2022;30(4):e974-80.

Markowitz JT, Alleyn CA, Phillips R, Muir A, Young-Hyman D, Laffel LMB. Disordered eating
behaviors in youth with type 1 diabetes: Prospective pilot assessment following initiation of
insulin pump therapy. Diabetes Technol Ther. 2013;15(5):428-33.

Olmsted MP, Colton PA, Daneman D, Rydall AC, Rodin GM. Prediction of the onset of
disturbed eating behavior in adolescent girls with type 1 diabetes. Diabetes Care.
2008;31(10):1978-82.

Colton PA, Olmsted MP, Daneman D, Rydall AC, Rodin GM. Natural history and predictors of
disturbed eating behaviour in girls with Type 1 diabetes. Diabet Med. 2007;24(4):424-9.

Markowitz JT, Lowe MR, Volkening LK, Laffel LMB. Self-reported history of overweight and its
relationship to disordered eating in adolescent girls with Type 1 diabetes. Diabet Med.

94



143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

2009;26(11):1165-71.

Grylli V, Wagner G, Hafferl-Gattermayer A, Schober E, Karwautz A. Disturbed eating attitudes,
coping styles, and subjective quality of life in adolescents with Type 1 diabetes. J Psychosom
Res. 2005;59(2):65-72.

Tse J, Nansel TR, Haynie DL, Mehta SN, Laffel LMB. Disordered Eating Behaviors Are
Associated with Poorer Diet Quality in Adolescents with Type 1 Diabetes. J Acad Nutr Diet.
2012;112(11):1810-4.

Colton PA, Olmsted MP, Daneman D, Rydall AC, Rodin GM. Five-year prevalence and
persistence of disturbed eating behavior and eating disorders in girls with type 1 diabetes.
Diabetes Care. 2007;30(11):2861-2.

Quick VM, Byrd-Bredbenner C, Neumark-Sztainer D. Chronic illness and disordered eating: A
discussion of the literature. Adv Nutr. 2013;4(3):277-86.

Kreider KE. Diabetes Distress or Major Depressive Disorder? A Practical Approach to
Diagnosing and Treating Psychological Comorbidities of Diabetes. Diabetes Ther. 2017;8(1):1—
7.

Powers MA, Richter SA, Ackard DM, Craft C. Diabetes Distress Among Persons With Type 1
Diabetes: Associations With Disordered Eating, Depression, and Other Psychological Health
Concerns. Diabetes Educ. 2017;43(1):105-13.

Martyn-Nemeth P, Quinn L, Hacker E, Park H, AS K. Diabetes distress may adversely affect the
eating styles of women with type 1 diabetes. Acta Diabetol. 2014;51(4):683-6.

Goebel-Fabbri AE, Anderson BJ, Fikkan J, Franko DL, Pearson K, Weinger K. Improvement and
emergence of insulin restriction in women with type 1 diabetes. Diabetes Care.
2011;34(3):545-50.

Antisdel JE, Joan C. Chrisler. Comparison of eating attitudes and behaviors among adolescent
and young women with type 1 diabetes mellitus and phenylketonuria. JDBP. 2000;21(2):81-6.

Conviser JH, Fisher SD, McColley SA. Are children with chronic illnesses requiring dietary
therapy at risk for disordered eating or eating disorders? A systematic review. Int J Eat Disord.
2018;51(3):187-213.

Goebel-Fabbri AE. Disturbed eating behaviors and eating disorders in type 1 diabetes: Clinical
significance and treatment recommendations. Curr Diab Rep. 2009;9(2):133-9.

Goebel-Fabbri AE, Fikkan J, Connell A, Vangsness L, Anderson BJ. Identification and treatment
of eating disorders in women with type 1 diabetes mellitus. Treat Endocrinol. 2002;1(3):155—
62.

Daneman D. Eating Disorders in Adolescent Girls and Young Adult Women With Type 1
Diabetes. J Psychosom Res. 2002;15(2):83—-105.

Verbist IL, Condon L. Disordered eating behaviours, body image and social networking in a
type 1 diabetes population. J Health Psychol. 2021;26(11):1791-802.

Priesterroth L, Grammes J, Clauter M, Kubiak T. Diabetes technologies in people with type 1
diabetes mellitus and disordered eating: A systematic review on continuous subcutaneous
insulin infusion, continuous glucose monitoring and automated insulin delivery. Diabet Med.
2021;38(7):1-14.

Colman MHE, Quick VM, Lipsky LM, Dempster KW, Liu A, Laffel LMB, et al. Disordered eating

95



159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

behaviors are not increased by an intervention to improve diet quality but are associated
with poorer glycemic control among youth with type 1 diabetes. Diabetes Care.
2018;41(4):869-75.

Rama Chandran S, Zaremba N, Harrison A, Choudhary P, Cheah Y, Allan J, et al. Disordered
eating in women with type 1 diabetes: Continuous glucose monitoring reveals the complex
interactions of glycaemia, self-care behaviour and emotion. Diabet Med. 2021;38(2):e14446.

Caccavale L.J, Nansel T.R, Quick V, Lipsky L.M, Laffel L.M.B, Mehta S.N. Associations of
disordered eating behavior with the family diabetes environment in adolescents with type 1
diabetes. ) Dev Behav Pediatr. 2015;36(1):8-13.

Ryman B, Maclsaac J, Robinson T, Miller MR, Herold Gallego P. Assessing the clinical utility of
the diabetes eating problem survey-revised (DEPS-R) in adolescents with type 1 diabetes.
Endocrinol Diabetes Metab. 2019;2(3):1-7.

Mellin AE, Neumark-Sztainer D, Patterson J, Sockalosky J. Unhealthy weight management
behavior among adolescent girls with type 1 diabetes mellitus: the role of familial eating
patterns and weight-related concerns. J Adolesc Health. 2004;35(4):278—89.

Maharaj SI, Rodin GM, Olmsted MP, Connolly JA, Daneman D. Eating disturbances in girls with
diabetes: The contribution of adolescent self-concept, maternal weight and shape concerns
and mother-daughter relationships. Psychol Med. 2003;33(3):525-39.

Bernstein CM, Stockwell MS, Gallagher MP, Rosenthal SL, Soren K. Mental health issues in
adolescents and young adults with type 1 diabetes: Prevalence and impact on glycemic
control. Clin Pediatr (Phila). 2013;52(1):10-5.

Broadley MM, White MJ, Andrew B. Executive function is associated with diabetes-specific
disordered eating in young adults with type 1 diabetes. J Psychosom Res. 2018;111:1-12.

Young-Hyman DL, Peterson CM, Fischer S, Markowitz JT, Muir AB, Laffel LM. Depressive
Symptoms, Emotion Dysregulation, and Bulimic Symptoms in Youth with Type 1 Diabetes:
Varying Interactions at Diagnosis and during Transition to Insulin Pump Therapy. J Diabetes
Sci Technol. 2016;10(4):845-51.

Gongalves S, Barros V, Rui Gomes A. Eating-Disordered Behaviour in Adolescents with Type 1
Diabetes. Can J Diabetes. 2016;40(2):152-7.

Hanna KM, Weaver MT, Slaven JE, Stump TE, Carol Shieh. Weight Control Behaviors among
Emerging Adults with type 1 Diabetes. Diabetes Educ. 2015;41(4):444-51.

Scheuing N, Bartus B, Berger G, Haberland H, Icks A, Knauth B, et al. Clinical characteristics
and outcome of 467 patients with a clinically recognized eating disorder identified among
52,215 patients with type 1 diabetes: a multicenter german/austrian study. Diabetes Care.
2014;37(6):1581-9.

Dougherty EN, Murphy J, Hamlett S, George R, Badillo K, Johnson NK, et al. Emotion
regulation flexibility and disordered eating. Eat Behav. 2020;39:101428.

Hughes DM, Turkstra LS, Wulfeck BB. Parent and selfratings of executive function in
adolescents with specific language impairment. Int J Lang Commun Disord. 2009;44(6):901—
16.

Wilson KR, Donders J, Nguyen L. Self and Parent Ratings of Executive Functioning After
Adolescent Traumatic Brain Injury. Rehabil Psychol. 2011;56(2):100-6.

Isquith PK, Roth RM, Gioia G. Contribution of rating scales to the assessment of executive

96



174.

175.

176.

177.

178.

179.

functions. Appl Neuropsychol Child. 2013;2(2):125-32.

Cecilia-Costa R, Guo Z, Harrington K, Volkening L, Laffel L. Longitudinal Assessment of
Disordered Eating Behaviors Risk in Teens with type 1 Diabetes. Poster Present 78th Sci Sess
Am Diabetes Assoc (ADA) Orlando, FL. 2018;67(Suppl.1):1392-P.

Eilander MMA, de Wit M, Rotteveel J, Aanstoot HJ, Bakker-van Waarde WM, Houdijk ECAM,
et al. Disturbed eating behaviors in adolescents with type 1 diabetes. How to screen for
yellow flags in clinical practice? Pediatr Diabetes. 2017;18(5):376—83.

Tchanturia K, Lock J. Cognitive Remediation Theraphy for eating disorders: development,
refinement and future directions. Behav Neurobiol Eat Disord. 2010;269-87.

Juarascio AS, Manasse SM, Espel HM, Kerrigan SG, Forman EM. Could training executive
function improve treatment outcomes for eating disorders? Appetite. 2015;90:187-93.

Davies H, Fox J, Naumann U, Treasure J, Schmidt U, Tchanturia K. Cognitive remediation and
emotion skills training for anorexia nervosa: An observational study using neuropsychological
outcomes. Eur Eat Disord Rev. 2012;20(3):211-7.

Dahlgren CL, Lask B, Landrg NI, Rg @. Patient and parental self-reports of executive
functioning in a sample of young female adolescents with anorexia nervosa before and after
cognitive remediation therapy. Eur Eat Disord Rev. 2014;22(1):45-52.

97



98



	RCC_COVER
	Tesi amb correccions



