
Topical Review: A Comprehensive Risk Model for Disordered Eating
in Youth With Type 1 Diabetes

Claire M. Peterson,1 PHD, Sarah Fischer,2 PHD, and Deborah Young-Hyman,3 PHD
1Division of Behavioral Medicine and Clinical Psychology, Cincinnati Children’s Hospital Medical Center,
2Department of Psychology, George Mason University, and 3Office of Behavioral and Social Science Research,

Office of the Director, NIH

Deborah Young-Hyman was at the Georgia Regents University when the work for this manuscript was

performed. The findings and conclusions in this article are those of the authors and should not be construed

to represent the views of the Office of Behavioral and Social Science Research, the National Institutes of

Health, or the US Government.

All correspondence concerning this article should be addressed to Claire M. Peterson, PHD, Division of

Behavioral Medicine and Clinical Psychology, Cincinnati Children’s Hospital Medical Center, 3333 Burnet

Avenue, Cincinnati, OH 45229, USA. E-mail: claire.peterson@cchmc.org

Received April 18, 2014; revisions received November 5, 2014; accepted November 10, 2014

Objectives Provide an updated literature review on prevalence, measurement, and correlates of disordered

eating in youth with Type 1 diabetes (T1D), present a novel theoretical risk model (i.e., The Modified Dual

Pathway Model) for disordered eating in youth with T1D incorporating psychosocial and physiological risk

factors, and discuss clinical implications. Methods Literature review of prevalence, correlates, risk factors,

and outcomes of disordered eating behavior (DEB) in youth with T1D. Results Insulin treatment,

subsequent weight gain, and disruptions to hunger and satiety regulation are hypothesized disease-related

mechanisms through which the treatment of T1D may increase vulnerability to development of behavior

characterized as DEB. The Modified Dual Pathway Model integrates these factors with a validated

psychosocial risk (body dissatisfaction, depression, and abstinence violation) model for DEB in nondiabetic

youth. Conclusions The Modified Dual Pathway model of DEB in youth with T1D is a comprehensive

representation of both psychosocial and T1D-related risk factors with the potential to inform future

interventions for this population.
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Disordered eating behavior (DEB) consists of unhealthy

weight control practices that typically onset in adolescence,

and are linked to weight fluctuations and the development

of eating disorders (Neumark-Sztainer, Wall, Larson,

Eisenberg, & Loth, 2011). It is suggested that Type 1 dia-

betes (T1D), which also typically onsets in childhood or

adolescence, increases risk for DEB. Posited risk factors in-

clude increased rates of depressive symptoms and changes

in weight and shape associated with the disease itself

(Goebel-Fabbri, 2009). Additional posited risk factors

include frustration with blood glucose ranges, food preoc-

cupation, body image dissatisfaction, and fear of weight gain

(Goebel-Fabbri, 2009). Studies estimate that 20–40% of

youth with T1D have used insulin manipulation for

weight loss, which is associated with significant negative

health outcomes including increased mortality rates

(Colton, Rydall, Olmsted, Rodin, & Daneman, 2004;

Goebel-Fabbri et al., 2008; Hanlan, Griffith, Patel, &

Jasser, 2013; Young et al., 2013). The potential for increased

DEB in youth with T1D and their unique treatment needs,
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coupled with adverse health outcomes, highlight the need to

identify risk factors specific to this population. This article

proposes an integration of a well-validated psychosocial risk

model for the development of disordered eating in adoles-

cents, with physiological influences specific to T1D. It is

proposed that Stice’s Dual Pathway Model (Stice, 2001),

extensively researched in adolescents without chronic

illnesses, can be modified to include T1D-specific variables.

The Dual Pathway Model

Adolescents in Western cultures are exposed to messages

by family, peers, and mass media about the importance of

thinness and a specific physical appearance that is virtually

unattainable (Stice, 2002). Repeated messages that one is

not thin enough promote discontent with one’s body.

Adolescent girls gain a significant amount of weight

during puberty, which is a risk factor for body image dis-

satisfaction (Streigel-Moore & Bulik, 2007). Dissatisfaction

with one’s body size, coupled with sociocultural pressure

for thinness, can exacerbate preexisting genetic

vulnerabilities for DEB (Stice, 2002; Trace, Baker, Peñas-

Lledó, & Bulik, 2013). Body image dissatisfaction can pro-

mote both negative affect and dieting in efforts to lose

weight (Stice, 2002; Streigel-Moore & Bulik, 2007). Both

dieting (restraint pathway) and negative affect (negative

affect pathway) are thought to predict binge eating (Allen,

Byrne, & McLean, 2012). Restraint may trigger binge eating

when breaking rigid dietary rules results in disinhibited

eating. The relationship between binge eating and negative

affect is maintained via negative reinforcement. Although

the Dual Pathway Model has primarily been tested in ado-

lescent girls, adolescent boys are also at risk for body dis-

satisfaction, negative affect, and DEB due to idealized

images of muscularity in boys (Mond et al., 2014).

Risk for DEB in T1D

The Modified Dual Pathway model proposes three disease-

based mechanisms through which DEB is potentiated in

youth with T1D: (1) carbohydrate counting driving im-

posed food preoccupation, (2) weight fluctuations associ-

ated with variable use of insulin and subsequent body

dissatisfaction, and (3) blood glucose fluctuations associ-

ated with mismatched insulin dose, excessive caloric intake

secondary to hypoglycemia, and resultant weight gain. T1D

involves weight loss associated with cessation of endoge-

nous insulin production from beta cell death (Jahromi &

Eisenbarth, 2007), and interruption of amylin production,

which is associated with hunger and satiety regulation

(Lutz, 2005). Amylin mediates several satiety mechanisms

via its effects on the area postrema, an area of the

brainstem that integrates hormonal and metabolic signals

to regulate food intake (Mack et al., 2007). In addition to

amylin, ghrelin is disrupted in youth with T1D and is pos-

ited to increase hunger and promote dysregulated eating

(Prodam et al., 2014). Satiety can also be disrupted in

youth with T1D as a consequence of the treatment regi-

men, specifically timing of meals and subsequent dosing of

insulin that is not based on hunger cues.

On diagnosis and exogenous insulin treatment, indi-

viduals experience significant weight gain, which is often

perceived as undesirable, and may promote body dissatis-

faction, particularly in girls (Mellin, Neumark-Sztainer,

Patterson, & Sockalosky, 2004; Russell-Jones & Khan,

2007). Further, many adolescents struggle with episodes

of hypoglycemia and subsequent dysregulated eating,

which can promote guilt and prompt insulin omission

(Merwin et al., 2014). Although validated in nondiabetic

youth, Stice’s model does not account for hunger and sa-

tiety disruptions, or other T1D-related factors such as im-

plementation of a dietary regimen. Youth with T1D are

charged with monitoring blood sugar level and matching

insulin dose to carbohydrate intake to maintain glycemic

control (Bantle et al., 2008). Thus, having diabetes and

engaging in treatment potentiates risk for DEB, above

and beyond risk that an individual without diabetes

might experience. Symptoms may derive from very differ-

ent sources: weight concerns, psychopathology, poor psy-

chosocial adjustment to the illness, and/or disrupted

physiology (Young-Hyman & Davis, 2010). The proposed

model of risk for DEB integrates T1D treatment, psycho-

logical, and physiological variables (Figure 1).

Factors in T1D That Influence DEB
Initiation of Insulin, Weight Gain, and Body
Dissatisfaction

Initiation of insulin treatment on T1D diagnosis results in

weight rebound and accelerates weight gain due to in-

creased metabolic efficiency in children and adolescents

(Russell-Jones & Khan, 2007). Overweight status is a risk

factor for the development of DEB in youth with T1D

(Engstrom et al., 1999). Further, adolescents with T1D

are often concurrently managing the physical changes

that occur as a result of pubertal development, a process

that can also increase body fat (Tremblay & Lariviere,

2009). Thus, the integrated model suggests that weight

gain secondary to treatment with initiation of exogenous

insulin increases risk for DEB via body image dissatisfac-

tion, especially in girls (Figure 1). Adolescent girls
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may desire weight loss, while adolescent boys may desire

an increase in muscle mass rather than an increase in

body fat.

Dietary Regimen and Dietary Restraint

The Dual Pathway Model proposes that body dissatisfac-

tion as a result of thin ideal internalization during pubertal

development then leads to dieting behavior (Stice, 2001).

One modification made by the proposed model is that both

weight gain and the T1D insulin dosing algorithm (i.e.,

counting carbohydrates, the foundation of the dietary reg-

imen) may have similarities to self-imposed diets in a

nondiabetic population. Previous studies have found that

some patients use carbohydrate counting in a more ex-

treme manner with excessive concerns about food compo-

sition and planning meals, which leads to food

preoccupation and even DEBs (Colton et al., 2004;

Pereira & Alvarenga, 2007). Finally, youth may resort to

dieting rather than exercise to manage weight, as exercise

can increase risk for hypoglycemia and, hence, the need to

eat (Yardley et al., 2010).

The proposed model suggests that increases in body

dissatisfaction associated with treatment-related weight

gain may increase risk for dietary restriction. Cross-sectional

and longitudinal studies have demonstrated associations be-

tween weight gain, body image dissatisfaction, and dietary

restraint in youth with T1D (Mellin et al., 2004). However,

in the proposed modified model, dietary changes are not

necessarily directly linked to internalization of the thin

ideal. Thus, youth may adhere to a dietary regimen as part

of the T1D regimen or use adherence to the dietary regimen

to mask excessive restriction of eating.

Additionally, it is not known if failing to adhere to

carbohydrate treatment guidelines when managing T1D

represents similar risk for abstinence violation-driven

binge eating (i.e., nonadherence is perceived as breaking

dietary rules). The abstinence–violation effect (AVE) posits

that a lapse in restrained eating produces the AVE, which

fuels the likelihood of an increase in binge eating such that

the greater the AVE intensity, the greater the likelihood of

an increase in that behavior after a lapse (Merwin et al.,

2014; Polivy & Herman, 1985). Thus, cognitive and affec-

tive consequences of failure to adhere to dietary regimen

behaviors may promote binge eating via maladaptive affect

regulation mechanisms. For example, an adolescent may

feel guilt and frustration regarding failure to adhere to treat-

ment guidelines, which could promote emotionally driven

eating. In this case, the adolescent may not have been at-

tempting to manage diet for weight loss purposes, but

rather, experienced difficulty with adherence and regula-

tion of blood sugars, resulting in poor regulation of nega-

tive emotion.
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Figure 1. The Modified Dual Pathway Model.
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Depression and DEB Risk in Youth With T1D

In the general population, dietary restraint can promote

depressive symptoms due to potential failed efforts at diet-

ing (Stice, 2001). This is especially salient in youth with

T1D who have increased rates of depressive symptoms and

for whom weight is elevated (Kanner, Hamrin, & Grey,

2003). Studies have reported higher rates of depression

in youth with both DEB and T1D (Colton, Olmsted,

Daneman, & Rodin, 2013). The proposed model suggests

that for youth who have depressive symptoms before onset

of T1D, the effects of receiving the diagnosis, demands of

managing the treatment regimen, and difficulty controlling

weight gain associated with insulin therapy may exacerbate

depression. For youth with preexisting body image con-

cerns, the effects of weight gain could exacerbate body

dissatisfaction, which can increase depressive symptoms.

Additionally, depressive symptoms may develop due to the

challenges of managing a chronic illness. Depressive symp-

toms are postulated to subsequently increase risk for binge

eating via negative reinforcement, or increase risk for ma-

nipulation of insulin/dietary regimen for weight loss.

Integration of Physiological and Psychological
Pathways to Overeating

Episodes of overeating in response to mismatched blood

sugar level and insulin dose, and hypoglycemia, may be

related to disruptions to appetite regulation in the hypo-

thalamus (Engstrom et al., 1999). A recent study found

that 98% of individuals with T1D engage in disinhibited

eating during perceived episodes of hypoglycemia (Merwin

et al., 2014). Interestingly, this study did not distinguish

between actual hypoglycemic episodes and perceived hy-

poglycemic episodes. Thus, inaccurate insulinization,

actual hypoglycemia, and perceived hypoglycemia could

potentially drive episodes of loss of control over eating.

The proposed model suggests that treatment-imposed

food preoccupation enhances the risk for binge eating

through both mechanisms of dietary restraint (abstinence

violation and affect regulation attempts) and disruptions in

hunger and satiety caused by hormonal dysregulation.

Hunger and satiety dysregulation is not mediated by die-

tary restraint, negative affect, or body image dissatisfaction

in the modified model because physiological mechanisms

may directly contribute to what appears to be DEB.

Clinical Implications

There is limited research on interventions for youth

with T1D and DEB. One intervention provided

psychoeducation on the relationship between DEB and

T1D, the detrimental effects of insulin omission, the effects

of DEB on glycemic control, and encouraged patients to

approach eating with a balance, nondeprivational approach

(Olmsted, Daneman, Rydall, Lawson, & Rodin, 2002).

Although there were reductions in DEB, there were no

significant effects on glycemic control, adherence, or insu-

lin omission (Olmsted et al., 2002). This highlights the

need for interventions to address disease- and treatment-

related variables.

An integrated approach for treatment of DEB in youth

with T1D would target dietary restriction and binge eating

in the context of disease processes, the diabetes treatment

regimen, and psychological factors. Given the demon-

strated effectiveness of cognitive-behavioral therapy (CBT)

for the treatment of bulimia nervosa (Hay, 2013), and that

the most commonly reported disordered eating symptoms

in youth with T1D include binge eating and purging

(Colton et al., 2004), techniques drawn from CBT for bu-

limia could be modified to target disease-specific treatment

factors and symptoms in the T1D population, making sure

to identify those which are within the control of the patient

and those which are disease process-based. Consideration

of co-occurring depressive symptoms must be made in

terms of case conceptualization and intervention. CBT

interventions can be tailored to address depressive symp-

toms, and if severe, psychiatric medications may be con-

sidered in the context of treatment.

Consistent with the Modified Dual Pathway model,

providers would need to take into consideration the insulin

regimen, disruptions to hunger and satiety cues, and the

likelihood of weight gain consequent to good glycemic con-

trol. Implementation of regular meals and snacks, support

of adherence to an agreed-upon insulin regimen based on

the adolescent’s lifestyle, and education to difficulty with

satiety cues could be helpful in terms of decreasing risk for

binge eating or dysregulated eating in response to blood

glucose changes. Finally, the use of diabetes-specific screen-

ing tools such as the Diabetes Eating Problems Survey—

Revised (Markowitz et al., 2010) to identify maladaptive

misuse of insulin versus nonadherence is an important

step in accurately identifying true DEB in youth with T1D.

DEB tends to worsen over time and youth with co-oc-

curring T1D and DEB have higher dropout rates from psy-

chological therapies (Custal et al., 2014). Thus, prevention

efforts and early intervention with a multidisciplinary team

involving an endocrinologist, diabetes educator, and both a

dietician and mental health professional proficient in the

treatment of eating disorders and experience with diabetes

are warranted (Goebel-Fabbri, 2009; Olmsted et al., 2002).

Diabetes education should be modified to better edu-

cate all patients to expected disruptions to hunger and
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satiety as a preventive step, and to educate patients about

the negative health consequences of insulin manipulation.

Further, it is important that members of the treatment

team are careful to not introduce the idea of insulin ma-

nipulation (rather, asking open-ended questions). Given

the possibility for body image dissatisfaction resulting

from weight gain, targeting current and preexisting cogni-

tive distortions associated with food, weight, and shape

concerns consistent with Phase 2 of CBT for bulimia ner-

vosa by a mental health professional is indicated (Colton

et al., 2004; Hay, 2013).

Future Directions

The Modified Dual Pathway model of DEB in youth with

T1D is a comprehensive representation of both psychoso-

cial and T1D-related risk factors. Prospective studies are

needed to assess the relationships between glycemic con-

trol, weight, and depression in newly diagnosed youth with

T1D and the development of DEB, as well as age-related

changes in psychosocial risk factors. Examination of poten-

tial changes in DEB over time as youth progress with T1D

management can provide insight into the role of the risk

factors theorized by the Modified Dual Pathway Model. For

example, the proposed model is limited by its focus on

weight gain following initiation of insulin treatment as a

risk factor for the initial development of DEB. However,

DEB may develop over time as a result of other factors

identified in the model—repeated challenges to adherence

and thus weight, hunger and satiety fluctuations, or the

growing importance of weight and shape as a child ages.

Identification of insulin misuse for weight control versus

other reasons such as nonadherence or physiological factors

such as dysregulation of hunger and satiety is an important

distinction to be made in future research. Such distinctions

have the potential to inform different clinical interventions.

Future studies should incorporate assessment of hunger

and satiety and proprioception of hypoglycemia, in addition

to assessment of traditional eating disorder symptoms such

as body image dissatisfaction and depression to further de-

lineate risks in this population and identify specific path-

ways to DEB. This model has the potential to inform future

interventions for youth with T1D and co-occurring DEB,

which would significantly improve physical and psycholog-

ical health outcomes.

Conflicts of interest: None declared.

References

Allen, K. L., Byrne, S. M., & McLean, M. J. (2012). The

dual-pathway and cognitive-behavioural models

of binge eating: Prospective evaluation and

comparison. European Child and Adolescent Psychiatry,

21, 51–62.

Bantle, J. P., Wylie-Rosett, J., Albright, A. L.,

Apovian, C. M., Clark, N. G., Franz, M. J., . . .

Wheeler, M. L. (2008). Nutrition recommendations

and interventions for diabetes: A position statement

of the American Diabetes Association. Diabetes Care,

31, S61–S78.

Colton, P. A., Olmsted, M. P., Daneman, D., &

Rodin, G.M. (2013). Depression, disturbed eating be-

havior, and metabolic control in teenage girls with

type 1 diabetes. Pediatric Diabetes, 14, 372–376.

Colton, P., Rydall, A., Olmsted, M., Rodin, G., &

Daneman, D. (2004). Disturbed eating behavior and

eating disorders in preteen and early teenage girls

with type 1 diabetes. Diabetes Care, 27, 1654–1659.
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