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Abstract
Obijective. Disturbed eating behaviors (DEB) are prevalent in youth with type 1 diabetes and
are accompanied by an increased risk for complications, morbidity, and mortality. Prospective
studies on DEB in the challenging transition to adulthood are scarce. This longitudinal study
examined DEB over a 1-year period and investigated the directionality of effects linking DEB
to diabetes-specific functioning and depressive symptoms in adolescents and emerging adults.
Research design and methods. 300 youth (14-25 years) with type 1 diabetes participated in a
two-wave longitudinal study. Questionnaires measured DEB (Diabetes Eating Problem Survey-
Revised; DEPS-R), self-management, diabetes distress, and depressive symptoms. HbA1c-
values were obtained from physicians. Mixed analysis of variance and cross-lagged analysis
were used to examine prospective changes and directionality of effects, respectively. Results.
Mean DEB remained stable in the total sample but significant individual differences were
observed based on the cut-off score of the DEPS-R: 19% displayed persistent DEB, 8%
increased, and 7.3% decreased in DEB over time. The remaining individuals scored low on
DEB over time. These four groups were differentiated based on insulin restriction, omission,
diabetes-specific functioning, and depressive symptoms. Cross-lagged analyses indicated that
DEB predicted relative increases in depressive symptoms over time, whereas reciprocal
associations with glycemic control were found. Conclusions. This longitudinal study highlights
the substantial impact DEB may have in the transition to adulthood, with a substantial portion
of youth with type 1 diabetes being at risk for clinical DEB. Prospective pathways linking DEB

to functioning were found, emphasizing the clinical relevance of assessing DEB over time.



Disturbed eating behaviors in adolescents and emerging adults with type 1 diabetes:
A one-year prospective study

Type 1 diabetes constitutes a risk factor for developing disturbed eating behaviors (DEB),
including unhealthy weight-management behaviors such as skipping meals, binge eating, and
purging, as well as more severe eating disorders (1,2). DEB constitutes a substantial concern as
up to 30% of adolescent girls with type 1 diabetes display DEB (3-5), many of whom are at risk
for developing eating disorders (6,7). The magnitude of this problem in boys seems less
extensive but still troublesome (2), with up to 10% reporting substantial DEB (4). Further, youth
with type 1 diabetes may turn to insulin restriction or omission for manipulating their body
weight, resulting in rapid weight loss (8,9). This phenomenon is quite prevalent as 20-40% of
youth (and especially females; 2,10) engage in it (8,11,12), leading to long-term insulin misuse,
morbidity, and even mortality (13,14). Consequently, a need for more attention to DEB in youth
with type 1 diabetes has recently been highlighted as an important clinical guideline (15,16).

The strong focus on food in relation to blood glucose regulation and the dietary restraints
possibly playing into perfectionistic attitudes may be causing DEB in type 1 diabetes
(7,8,11,17-19). Given the societal pressure to obtain the body perfect ideal (20), especially
adolescents seem to be at risk for developing DEB, as they are particularly vulnerable for body
dissatisfaction (18,21). Meta-analysis has demonstrated that eating disorders and DEB (even at
a subclinical level; 17,22) are associated with higher HbAlc-values and premature diabetes
complications (4,23). In sum, DEB are of particular concern in youth with type 1 diabetes due
to their health-compromising consequences (19).

Longitudinal studies that examine how DEB are associated with diabetes-specific
functioning and depressive symptoms over time are limited, especially in the challenging
transition to adulthood. Research has demonstrated that DEB tended to increase during this

transition (10), necessitating a detailed examination of prospective implications toward youth



functioning. To inform clinical practice and increase our knowledge of DEB in type 1 diabetes,
the present study addressed three innovative research objectives: (1) to examine DEB in
adolescents and emerging adults over a time-span of 1 year (with a focus on gender differences);
(2) to identify subgroups based on DEB (e.g., individuals displaying substantial vs. little DEB
over time) and how these subgroups differ on demographic and clinical variables, diabetes-
specific functioning, and depressive symptoms; and (3) to investigate the directionality of
effects linking DEB to self-management, glycemic control, diabetes distress, and depressive
symptoms over time.

In addressing these objectives, we made use of a diabetes-specific measure, the Diabetes
Eating Problem Survey-Revised (DEPS-R; 24). Generic measures assessing DEB may not be
appropriate (4,24), as such generic measures assess certain behaviors that are part of standard
diabetes care (e.g., restricting the intake of carbohydrates). Such items may be misinterpreted
by people with diabetes (12) and could lead to incorrect prevalence estimates (4,20). Further,
the DEPS-R assesses insulin restriction and omission, allowing us to examine these behaviors
in this prospective study.

Research Design and Methods

Participants and Procedure

Data were used from a larger longitudinal project in collaboration with the Belgian
Diabetes Registry (25). Ethical approval was provided by the Institutional Review Board at
University of Leuven. Dutch-speaking youth (14-25 years) with type 1 diabetes and without
cognitive impairment completed questionnaires at home, resulting in four data-waves with 1-
year time intervals. At T(ime) 1, questionnaires, informed consent forms, and stamped return
envelopes were sent to 1,459 individuals. For minors, parents were provided with consent
forms. 571 bundles were returned, of which 559 cases were eligible for analysis, given that no

parental consent was obtained for 12 minors (RR=40%). At T2, T3, and T4, these 559



individuals were invited to participate again, resulting in response rates of 422 (75%) at T2, 381
(68%) at T3, and 324 (58%) at T4. As DEB were assessed only at T3-T4, data were used from
individuals participating at T3 and T4, totaling 300 individuals. These 300 individuals did not
differ on gender, age, illness duration, and diabetes distress but had somewhat lower scores on
depressive symptoms (F(1,498)=5.545; p=.019) and higher scores on self-management
(F(1,498)=10.764; p=.001) as compared to the 259 individuals not included. For analyses
involving glycemic control, we limited our analyses to individuals of whom we could obtain
HbA:c-values at T3 or T4 (N=231). For reading convenience, T3 and T4 will be referred to as
T1land T2.

Questionnaires

Disturbed eating behaviors. The DEPS-R (8,24) includes 16 items. Following Eilander
et al. (8), the item referring to ketones was excluded as not all Belgian youth are familiar with
the exact meaning of ketones. Items are answered on a 6-point scale ranging from 0 (never) to
5 (always) and address general (e.g., ““I feel that my eating is out of control”) and diabetes-
specific DEB in terms of insulin restriction and omission (e.g., “After | overeat, | skip my next
insulin dose™). Total sum scores could range between 0-75; higher scores point to more DEB.
Cronbach’s alpha was .87 at T1 and .86 at T2.

Self-management. The 14-item Self-Care Inventory (SCI; 25,26) was used. The SCI
includes items that focus on blood glucose testing and monitoring, insulin and food regulation,
exercise, and emergency precautions. Item 12 “Wearing a medic alert ID” was deleted, as this
is not always part of standard treatment in Belgium. Individuals had to indicate how well they
followed their diabetes regimen in the past month on a 5-point scale, ranging from 1 (never do
it) to 5 (always do this as recommended without fail). A mean score was calculated with higher

scores indicating better self-management. Cronbach’s alpha was .78 at T1 and T2.



Diabetes distress. Diabetes distress was assessed with the Problem Areas in Diabetes
Scale (PAID; 27), measuring diabetes-related problems in four domains (emotions, food, self-
management, social support) by means of 20 items to be rated on a 5-point scale ranging from
0 (not a problem) to 4 (a serious problem). A total score was calculated as the mean of the four
domains; higher scores indicate more diabetes distress. Cronbach’s alphas was .95 at T1 and
T2.

Depressive symptoms. Depressive symptoms were measured by the 20-item Center for
Epidemiologic Studies Depression Scale (CESD; 28). Each item asks how often participants
had experienced depressive symptoms during the past week, using a 4-point scale from 0
(seldom) to 3 (most of the time or always). A total score was calculated (ranging from 0 to 60);
higher scores indicate more depressive symptoms. Cronbach’s alpha was .94 at T1 and .92 at
T2.

Glycemic control. HbAlc-values that were closest to the date participants filled out the
questionnaires (in a time-window of 3 months before or after completion of the questionnaires)
were collected from medical records by contacting treating physicians. HbAlc-values were
converted from DCCT-derived units (%) to IFCC-recommended units (mmol/mol). HbAlc-
values below 7.0% or 53 mmol/mol are recommended (29).

Statistical Analyses

First, as a set of preliminary analyses, Pearson correlations were calculated. Second, to
examine the prospective follow-up of DEB (Objective 1), mixed analysis of variance (ANOVA)
was conducted with time as within-subjects factor, gender as between-subjects factor, and DEB
at T1 and T2 as dependent variable. The interaction effect (TimeXGender) was entered to
examine differential change over time for males versus females.

Third, based on the cut-off of 18 on the DEPS-R (suggesting DEB warranting further

attention from clinicians; 4,8), four groups capturing mean-level change and stability were



created (Objective 2): Low DEB (<18 at T1 and T2); Increasing DEB (<18 at T1 and >18 at
T2); Decreasing DEB (>18 at T1 and <18 at T2); and Persistent DEB (>18 at T1 and T2).
Multivariate analyses of variance (MANOVA with post-hoc Tukey HSD comparisons) and y2-
cross-tabulation were used to examine group differences on demographic variables (age,
gender), clinical variables (illness duration, injection vs. pump therapy, Body Mass Index
[BMI], glycemic control), self-management, diabetes distress, and depressive symptoms at T1
and T2. Further, mixed ANOVAs were used to investigate TimeXGroup interaction effects,
possibly revealing different mean-level changes for glycemic control, self-management,
diabetes distress, and depressive symptoms in the four DEB-groups. The model consisted of
one within-subjects (time) and one between-subjects factor (DEB-group). Dependent variables
were repeated measures of glycemic control, self-management, diabetes distress, and
depressive symptoms.

Fourth, to examine the directionality of effects linking DEB to these variables
(Objective 3), cross-lagged analyses were applied using Structural Equation Modeling in
Mplus7 (30). Models were estimated using maximum likelihood with robust standard errors
(MLR) to account for non-normality. Full information maximum likelihood was used to handle
occasional missing data. In all models, within-time associations at T1 and T2 and auto-
regressive coefficients were included when examining cross-lagged paths. Cross-lagged paths
inform us as to whether variable X at T1 predicts relative or rank-order changes in variable Y
at T2, controlling for all within-time associations and auto-regressive coefficients. All
significant associations with clinical and demographic variables (gender, age, type of insulin
therapy, illness duration) were controlled for by regressing variables at T1 and/or T2 on these
variables at T1. We used standard fit indices. The Satorra-Bentler scaled (SBS)-y? should be as
small as possible; Root Mean Square Error of Approximation (RMSEA) should be less than

.06; Comparative Fit Index (CFI) should exceed .95.



Results

Patient Characteristics

Table 1 summarizes patient characteristics at T1 for the full sample (N=300) and the
restricted sample, excluding individuals without HbAic-values at T1 or T2 (N=231). These 231
individuals differed from those without HbAsic-values at T1 or T2 (N=69) on age
(F(1,290)=6.341; p=.012) and illness duration (F(1,290)=24.006; p<.001) at T1 (with
individuals without HbA:c-values being older and having a longer illness duration), but not on
gender, BMI, DEB, diabetes distress, self-management, and depressive symptoms. At T1, 83%
of the full sample were living with their parent(s) and 61.3% had a college/university degree or
were currently in college/university. Mean HbALc in the restricted sample was 7.42 (SD=0.95)
or 58 mmol/mol (SD=10.4).
Preliminary Correlational Analyses

As displayed in Table 2, DEB at T1 and T2 was positively related to BMI at T1 and T2
but unrelated to age and illness duration. Further, DEB at T1 and T2 was positively related to
diabetes distress, depressive symptoms, and HbA1c, and negatively to self-management at T1
and T2.
Obijective 1: Prospective follow-up of DEB

Mixed ANOVA indicated that mean DEB remained stable (F(1,294)=0.714; p=.399)
from T1 (M=13.15; SD=10.43) to T2 (M=12.71; SD=9.87). The TimeXGender interaction was
not significant (F(1,294)=2.078; p=.150). Both males and females remained stable over time,
with females (T1:M=16.53, SD=11.34; T2:M=15.57, SD=10.49) scoring substantially higher
on DEB (F(1,294)=48.661; p<.001; n>=.142) than males (T1:M=8.71, SD=6.97; T2:M=8.96,
SD=7.51).

Objective 2: Identifying Four Groups of DEB



79 individuals (26.3%) at T1 and 81 individuals (27%) at T2 had a score of >18 on
DEPS-R. Across T1-T2, 197 individuals (65.7%) were in the Low DEB-group (range DEPS-R
scores between 0-17 at T1 and T2), 24 (8%) in the Increasing DEB-group (range DEPS-R scores
between 3-17 at T1 and 18-40 at T2), 22 (7.3%) in the Decreasing DEB-group (range DEPS-R
scores between 18-45 at T1 and 4-17 at T2), and 57 (19%) in the Persistent DEB-group (range
DEPS-R scores between 18-59 at T1 and 18-50 at T2). Mean DEPS-R scores for these groups
are displayed in Table 3. Cross-tabulation indicated that males and females were differentially
distributed across these groups (y3(3)=27.028; p<.001). Standardized residuals indicated that
males were relatively (as compared to the total gender distribution) overrepresented in Low
DEB (52.3% males vs. 47.7% females), whereas females were overrepresented in Persistent
DEB (14.3% males vs. 85.7% females) and (less so) in Increasing DEB (31.8% males vs. 68.2%
females).

MANOVA pointed to differences on BMI at T1 and T2. Univariate post-hoc
comparisons (see Table 3) indicated that, as expected, at T1, Low DEB and Increasing DEB
scored lowest on BMI, whereas, at T2, only Low DEB scored lowest (with Increasing DEB not
differing from other groups). No group differences were found on type of insulin therapy
(injection vs. pump) (¥3(3)=1.942; p=.585), age (F(3,294)=0.124; p=.946), or illness duration
(F(3,294)=0.286; p=.836).

When exploring the two DEPS-R items assessing insulin restriction at T1, 63.7%
indicated that they never restricted insulin, 21% almost never, and 15.3% at least sometimes.
For insulin omission at T1, these percentages were 86.3%, 9.3%, and 4.3%, respectively. At
T2, these percentages for insulin restriction were 71.7%, 18.0%, and 10.3%, and for insulin
omission 87.7%, 8.7%, and 3.7%. There were no gender differences for insulin restriction or
omission T1-T2 (¥3(2)=1.524 — 5.062; ps=.080 - .467). Further, insulin restriction and omission

at T1 and T2 were differentially distributed across the DEB-groups (x?(6)=36.241 — 61.926;



ps<.001). All percentages can be found in Supplemental Table S1. For insulin restriction T1,
31.8% of Decreasing DEB and 36.8% of Persistent DEB indicated at least sometimes, whereas
8.1% of Low DEB did so. For insulin omission, these percentages were 18.2%, 10.5%, and
0.5%, respectively. For insulin restriction T2, 33.3% of Increasing DEB and 22.8% of Persistent
DEB indicated at least sometimes, whereas only 4.1% of Low DEB did so. For insulin omission,
these percentages were 20.8%, 8.8%, and 0.5%.

Obijective 2: Linking the Four DEB-Groups to Diabetes-Specific Functioning and Depressive
Symptoms

As expected, Table 3 shows that Low DEB scored lowest on diabetes distress,
depressive symptoms, and HbA1c, and highest on self-management at T1 and T2. Especially
Persistent DEB had the least adaptive scores on these variables at T1 and T2. At T1, Increasing
DEB scored higher on depressive symptoms and HbAlc as compared to Low DEB, and lower
on depressive symptoms and higher on self-management as compared to Persistent DEB.
Decreasing DEB scored higher on diabetes distress and depressive symptoms and lower on self-
management as compared to Low DEB. Decreasing DEB did not differ significantly on any
variable from Persistent DEB at T1. At T2, Increasing DEB scored higher on diabetes distress,
depressive symptoms, and HbA:c as compared to Low DEB, whereas Decreasing DEB scored
higher on depressive symptoms as compared to Low DEB. Decreasing DEB scored lower on
diabetes distress as compared to persistent DEB. Increasing DEB did not differ significantly on
any variable from Persistent DEB at T2.

Finally, mixed ANOVAs with TimeXGroup interactions revealed a significant
interaction for self-management (F(3,296)=9.174; p<.001; n*=.085). Whereas Low DEB and
Persistent DEB remained fairly stable over time, Increasing DEB decreased and Decreasing
DEB increased on self-management (mean values at T1-T2 are displayed in Table 3). No

significant TimeXGroup interactions were found for diabetes distress (F(3,296)=1.593;
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p=.191), depressive symptoms (F(3,296)=0.431; p=.731), and HbAlc (F(3,227)=0.821,
p=.483).
Obijective 3: Directionality of Effects

Cross-lagged analyses indicated that all final models in which non-significant paths
from control variables were trimmed had a good fit (range of indices: df=2-6; SBS-y2=3.674-
5.144 (p=.133-.552); RMSEA=.000-.059; CFI=.994-1.000). In all models, gender at T1
(O=male; 1=female) positively predicted DEB (Bs ranging between .35 and .37; p<.001),
diabetes distress (B=.19; p<.001), and depressive symptoms (Bf=.21; p<.001) at T1, and
marginally negatively self-management (f=-.11; p=.056) at T1. Further, age at T1 negatively
predicted self-management (p=-.14; p=.010) and HbA1c (B=-.14; p=.029) at T1. With respect
to cross-lagged associations (see Figure 1), DEB at T1 predicted relative increases in HbA:c
(B=.12; p=.043) and (marginally so) depressive symptoms (p=.10; p=.066). Reverse paths were
significant for glycemic control, indicating that HbAlc at T1 predicted relative increases in
DEB (B=.16; p=.001). In the models of diabetes distress and self-management, no significant
cross-lagged associations were found, with s ranging between -.07 and .06 (ps=.198-.857).

Conclusions

The present study emphasized the need for a prospective follow-up of DEB in
adolescents and emerging adults with type 1 diabetes. DEB were found to be unrelated to age
and illness duration, indicating that DEB occurred at any age and at any stage in the illness
trajectory. However, previous research indicated that, during adolescence, DEB was most
prevalent in 17-19 year olds (4), and even higher prevalence rates have been found in emerging
adulthood (10). Although no such age trends were found in the present study, findings again
highlighted the substantial levels of DEB in the transition to adulthood. Similar to previous

studies (4,19), especially individuals with a higher BMI were at risk for DEB. As the transition
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to adulthood is characterized by an increasing concern about weight and body image, an
increase in BMI may play into body dissatisfaction and DEB (10,18,20).

With respect to gender, especially females were at risk for DEB. This finding has been
replicated repeatedly and signals certain vulnerabilities girls and women may experience, such
as puberty-related increases in BMI, appearance-related conversations (so-called ‘fat talk’) in
peer groups, and more weight concern and body image dissatisfaction (3,11,14). However,
when looking at items assessing insulin restriction and omission, no significant gender
differences emerged: males seemed to manipulate insulin administration at comparable rates as
females. Previous research, however, indicated that especially females were at risk for insulin
manipulation (2,10). As a possible explanation for these diverging findings, the DEPS-R items
measuring insulin restriction and omission do not specify that such behaviors target weight loss.
Other reasons may play into insulin administration, such as fear of hypoglycemia, negative
affect toward injections, or interference with daily activities (4). Future research should
examine such underlying motives to identify why male and female youth engage in insulin
manipulation. Despite potential differences in these motives, the high occurrence of insulin
restriction and omission found in the present study highlights the need for explicit attention to
DEB in male youth as well, as DEB often go undetected in boys and men (21).

Extending previous research assessing DEB in this population, substantial individual
differences over time were observed when using the cut-off score of 18 on the DEPS-R (8).
Although this cut-off is not diagnostic, it signals individuals at-risk in need of further evaluation
(4). Previous cross-sectional research indicated that about 15-18% of adolescents with type 1
diabetes scored above this cut-off (4,21). In the present study, 34.3% scored above this cut-off
at either T1 or T2 or at both time-points: 19% scored above the cut-off at both time-points
(Persistent DEB), 8% developed substantial DEB in-between T1 and T2 (Increasing DEB), and

7.3% seemed to recover from engaging in substantial DEB in-between T1 and T2 (Decreasing
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DEB). When focusing on self-reported insulin omission and restriction, scores on these items
seemed to signal the severity of DEB in the four groups (18). For instance, in the Low DEB-
group, only a small minority had engaged in insulin restriction and virtually no one in insulin
omission, whereas these percentages were substantially higher in the other DEB-groups.

The four DEB-groups were differentiated on diabetes-specific functioning and
depressive symptoms as well. Overall, youth in Low DEB had the most adaptive profile,
whereas youth in Persistent DEB showed the least adaptive profile in terms of glycemic control,
self-management, diabetes distress, and depressive symptoms. As expected, findings for
Increasing DEB and Decreasing DEB were dependent on the time-point at which diabetes-
specific functioning and depressive symptoms were assessed. For instance, self-management
seemed to co-develop with DEB over time, with self-management decreasing over time when
DEBs increased, and vice versa. Such individual differences highlight the need for assessing
DEB prospectively.

Finally, the cross-lagged findings substantially extended previous research and
demonstrated that DEB (marginally) predicted relative increases in depressive symptoms over
time. This prospective link with depressive symptoms merits special attention given the
associations of depressive symptoms with worse self-management, glycemic control, and
increased health care costs (31,32). Further, DEB and higher HbAlc-values were found to
reinforce one another over time. The finding that DEB may contribute to higher HbAlc-values
has been repeatedly forwarded and testifies to the adverse long-term consequences of DEB,
necessitating early identification and intervention (4,9). However, the reverse pathway from
glycemic control to DEB has not been documented systematically. Previous research indicated
that higher HbAlc-values may play into the use of maladaptive coping strategies over time
(33,34). Similarly, higher HbAlc-values may instigate some individuals to regulate their food

intake more strictly, even to the point where such regulation turns into DEB (18). Other
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individuals may become de-motivated by having higher HbAlc-values, shifting their attention
away from a healthy diet and adaptive eating patterns. Executive function may also be an
important variable in this respect, as lower executive function has been related to higher
HbA1c-values and DEB in youth with type 1 diabetes (35,36). Hence, future research should
examine this co-development of DEB and glycemic control with a specific focus on reciprocal
pathways and mechanisms, paying attention not only to the psychological but also the
physiological level (e.g., disrupted hunger and satiety sensations due to glycemic dysregulation;
11,14).
Limitations and Suggestions for Future Research

The present study had certain limitations. First, although the study was prospective,
future research should assess these variables over longer periods using multiple assessments to
examine developmental trajectories into adulthood. Intensive, short-term diary studies should
be set up to identify possible mechanisms and processes playing into DEB. Second, no
information was available as to whether youth received specific care in-between T1-T2 for
DEB. Hence, it is difficult to know why some individuals displayed more changes in DEB as
compared to others. Relatedly, data on hospital admission rates related to DEB were not
available, although they could have informed us about the clinical relevance of our findings.
Third, the sample was quite homogenous in nature, as all participants were sampled from the
Belgian Diabetes Registry, spoke Dutch, and most of them were highly educated. Although our
longitudinal sample was quite large, the generalizability of findings may be reduced as the final
response rate (compared to the initial group that was invited) was relatively low. Given the
relatively low mean HbA1c-value obtained for the present sample and given that the maximum
score observed on the DEPS-R was 59 (on a scale from 0-75), our final sample could represent
a selective, relatively well-adjusted group. Also in terms of depressive symptoms and self-

management, the highest risk participants may not have been captured in our final sample.
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Fourth, study variables were measured through self-reports (except for glycemic control),
possibly confounding the results due to shared method variance. Relatedly, although the DEPS-
R is a promising instrument for assessing DEB in individuals with diabetes, its sensitivity and
specificity need further exploration (8). Finally, although HbAlc-values were obtained for the
majority of participants, these values could not be obtained for participants without a medical
visit during the study window. Moreover, there was a time window of three months in-between
filling out the questionnaires and the measurement of HbA1lc. Ideally, this measurement needs
to be done at the same time as questionnaire completion.

Despite these limitations, the present findings may inform clinical practice. Given the
prospective changes observed, it may be valuable to integrate the assessment of DEB and eating
disorders in the vulnerable age group of adolescence and emerging adulthood into routine
clinical care. DEB can emerge at any time during the illness trajectory and, for some
individuals, the severity of DEB may change substantially over time. Further, not only do the
dietary aspects of diabetes self-management make it more difficult to identify DEB (12,37),
youth may also experience shame and guilt as a barrier for disclosing DEB (21,38). It may be
helpful for clinicians to ask certain screening questions regarding weight concerns and
behaviors at a regular basis in a supportive and non-judgmental way (19,21). Cost- and time-
effective measures such as the DEPS-R could be useful (12,21,24). As demonstrated in this
study, attention should not only be paid to clinically elevated levels of DEB. Subclinical levels
of DEB may also be an important warning sign as they can turn into problematic DEB (as seen
in the Increasing DEB-group). Our cross-lagged analyses indeed demonstrated the predictive
power of DEB across the whole spectrum of severity. Hence, in case of such warning signs,
further assessment of DEB could be performed by trained mental health professionals (8).
Ideally, all members of the multidisciplinary team (e.g., physicians, nurses, dieticians) would

be provided with the opportunity to acquire the necessary skills to recognize warning signs of
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DEB (14). Without any intervention, DEB and insulin manipulation may worsen and feed into
substantial complications over time, given their prospective link with higher HbAlc-values
(5,39). Diabetes management of youth with DEB can only improve until appropriate treatment

begins for DEB (38,40).

16



Acknowledgements
K.L. researched data and wrote the manuscript. M.V. and L.C. helped in researching the data
and reviewed/edited the manuscript. N.P. and E.R.G. reviewed/edited the manuscript. L.W.
collected data and reviewed/edited the manuscript. K.L. is the guarantor of this work and, as
such, had full access to all the data in the study and takes responsibility for the integrity of the

data and the accuracy of the data analysis.

We would like to thank Leen Oris, Sofie Prikken, Koen Raymaekers, Chris Groven and the

staff of the Belgian Diabetes Registry for their help in collecting the data.

We have no relevant conflict of interest to disclose.

Funding was provided through FWO Flanders research project G.0B35.14N and Research

Council KU Leuven grant C14/15/036 to the first author.

17



References
1. Mannucci, E, Rotella, F, Ricca, V, et al. Eating disorders in patients with type 1 diabetes :
A meta-analysis. J Endocrinol Invest 2005;28:417-419.
2. Wisting L, Froisland DG, Skrivarhaug T, et al. Psychometric properties, norms, and factor
structure of the Diabetes Eating Problem Survey-Revised in a large simple of children and
adolescents with type 1 diabetes. Diabetes Care 2013;36:2198-2202.
3. Troncone A, Cascella C, Chianese A, et al. Changes in body image and onset of disordered
eating behaviors in youth with type 1 diabetes over a 5-year longitudinal follow-up. J
Psychosom Res 2018;19:44-50.
4. Wisting L, Froisland DG, Skrivarhaug T, et al. Disturbed eating behavior and omission of
insulin in adolescents receiving intensified insulin treatment: A nationwide population-based
study. Diabetes Care 2013;36:3382-3387.
5. Young-Hyman DL, Davis CL. Disordered eating behavior in individuals with diabetes:
Importance of context, evaluation, and classification. Diabetes Care 2010;33:683-689.
6. Colton PA, Olmsted MP, Daneman D, Rodin GM. Depression, disturbed eating behavior,
and metabolic control in teenage girls with type 1 diabetes. Pediatr Diabetes 2013;14:372-
376.
7. Quick VM, McWilliams R, Byrd-Bredbenner C. Case-control study of disturbed eating
behaviors and related psychographic characteristics in young adults with and without diet-
related chronic health conditions. Eating Behav 2012;13:207-213.
8. Eilander MMA, de Wit M, Rotteveel J, et al. Disturbed eating behaviors in adolescents
with type 1 diabetes: How to screen for yellow flags in clinical practice? Pediatr Diabetes

2017;18:376-383.

18



9. Eisenberg Colman MH, Quick VM, Lipsky LM, et al. Disordered eating 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;41:869-875.

10. Bryden KS, Neil A, Mayou RA, et al. Eating habits, body weight, and insulin misuse : A
longitudinal study of teenagers and young adults with type 1 diabetes. Diabetes Care
1999;22:1856-1960.

11. 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 2014;40:385-390.

12. Pinna F, Diana E, Sanna L, et al. Assessment of eating disorders with the diabetes eating
problems survey-revised (DEPS-R) in a representative sample of insulin treated diabetic
patients: A validation study in Italy. BMC Psychiatry 2017;17:262.

13. Peveler RC, Bryden KS, Neil HA, et al. The relationship of disordered eating habits and
attitudes to clinical outcomes in young adult females with type 1 diabetes. Diabetes Care
2005;28:84-88.

14. Treasure J, Kann C, Stephenson L, et al. Developing a theoretical maintenance model for
disordered eating in type 1 diabetes. Diabet Med 2015;32:1541-1545.

15. Cameron FJ, Garvey K, Hood KK, Acerini CL, Codner E. ISPAD clinical practice
consensus guidelines 2018: Diabetes in adolescence. Pediatr Diabetes 2018;19:250-261.

16. Delamater AM, de Wit M, McDarby V, et al. Psychological care of children and
adolescents with type 1 diabetes: ISPAD clinical practice consensus guidelines 2018. Pediatr
Diabetes 2018;19:237-249.

17. Engstrom I, Kroon M, Arvidsson CG, et al. Etaing disorders in adolescent girls with
insulin-dependent diabetes mellitus: A population-based control study. Acta Paediatrica

1999;88:175-180.

19



18. Gagnon C, Aimé A, Beélanger C. Predictors of comorbid eating disorders and diabetes in
people with type 1 and type 2 diabetes. Can J Diabetes 2017;41:52-57.

19. Neumark-Sztainer D, Patterson J, Mellin A, et al. Weight control practices and disordered
eating behaviors among adolescent females and males with type 1 diabetes: Associations with
sociodemographics, weight concerns, familial factors, and metabolic outcomes. Diabetes Care
2002;25:1289-1296.

20. Kaminsky LA, Dewey D. Psychological correlates of eating disorder symptoms and body
image in adolescents with type 1 diabetes. Can J Diabetes 2013;37:408-414.

21. Sassman H, Albrecht C, Busse-Widmann P, et al. Psychometric properties of the German
version of the Diabetes Etaing Porblem Survey Revised: Additional benefit of disease-specific
screening in adolescents with type 1 diabetes. Diabet Med 2015;32:1641-1647.

22. Neilson S. Eating disorders in females with type 1 diabetes: An update of a meta-analysis.
Eur Eating Dis Rev 2002;10:241-254.

23. Young V, Eiser C, Johnson B, et al. Eating problems in adolescents with type 1 diabetes:
A systematic review with meta-analysis. Diabet Med 2013;30(2):189-198.

24. Markowitz JT, Butler DA, Volkening LK, et al. 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;33:495-500.

25. Oris L, Rassart J, Prikken S, et al. IlIness identity in adolescents and emerging adults with
type 1 diabetes: introducing the Iliness Identity Questionnaire. Diabetes Care 2016;39:757-
763.

26. Weinger K, Butler HA, Welch GW, La Greca AM. Measuring diabetes self-care: A
psychometric analysis of the Self-Care Inventory-revised with adults. Diabetes Care

2005;28:1346-1352.

20



27. Polonsky WH, Anderson BJ, Lohrer PA, et al. Assessment of diabetes-related distress.
Diabetes Care 1995;18:754-760.

28. Bouma J. Het meten van symptomen van depressie met de CES-D: Een handleiding [The
measurement of symptoms of depression with the CESD: A manual] Noordelijk Centrum
voor Gezondheidsvraagstukken, Rijksuniversiteit Groningen, 1995.

29. American Diabetes Association. Glycemic targets. Diabetes Care 2015;38:5S33-S40.

30. Muthén LK, Muthén BO. Mplus user’s guide. Los Angeles, CA: Muthén & Muthén,
2002.

31. Oris L, Luyckx, K, Rassart J, et al. Change and stability in depressive symptoms in young
adults with type 1 diabetes. Diabetes Res Clin Pract 2016;111:93-96.

32. Ciechanowski PS, Katon WJ, Russo JE. Depression and diabetes: impact of depressive
symptoms on adherence, function, and costs. Arch Intern Med 2000;160:3278-3285.

33. Luyckx K, Seiffge-Krenke 1, Hampson S. Glycemic control, coping, and internalizing and
externalizing symptoms in adolescents with type 1 diabetes: a cross-lagged longitudinal
approach. Diabetes Care 2010;33:1424-1429.

34. Rassart J, Luyckx K, Oris L, et al. Coping with Type 1 diabetes through emerging
adulthood: Longitudinal associations with perceived control and haemoglobin Alc. Psychol
Health 2016;31:622-635.

35. 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.

36. Berg CA, Wiebe DJ, Suchy Y, et al. Executive function predicting longitudinal change in
type 1 diabetes management during the transition to emerging adulthood. Diabetes Care.

2018;41:2881-2888.

21



37. Powers MA, Richter SA, Ackard DM, et al. Eating disorders in persons with type 1
diabetes: A focus group investigation of early eating disorder risk. J Health Psychol
2016;21:2966-2976.

38. Kelly SD, Howe CJ, Hendler JP, et al. Disordered eating behaviors in youth with type 1
diabetes. Diabetes Educ 2005;34:572-583.

39. Rydall AC, Rodin GM, Olmsted MP, Devenyi RG, Daneman D. Disordered eating
behavior and microvascular complications in young women with insulin-dependent diabetes
mellitus. New Engl J Med. 1997;336:1849-1854.

40. Avila JT, Park KT, Golden NH. Eating disorders in adolescents with chronic

gastrointestinal and endocrine diseases. Lancet Child Adolesc Health. 2019;3:181-189.

22



Table 1

Patient Characteristics at T1

Patients Patients with
participating at TL ~ HbA1c-values at T1
and T2 (N=300) and/or T2 (N=231)

Sex

Males 43.2% 44.7%

Females 56.8% 55.3%
Age? 20.80 (3.31) 20.55 (3.46)
Iliness duration 2 7.56 (4.98) 6.89 (4.74)
Insulin administration

Injection 75.2% 75.7%

Pump 24.8% 24.3%
Civil status (more than 1 option)

Single 41.1% 43.9%

Living with partner/(re)married 14.8% 13.6%

Relationship (living separately) 35.0% 32.5%

Other 8.8% 9.6%
Work (more than 1 option)

Student 66.1% 68.6%

Working 35.7% 32.9%

Unemployed 2.0% 1.7%

Other 2.7% 3.5%

& Mean values with SD in parentheses.
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Table 2

Pearson Correlations Among the Study Variables at T1 and T2

1. 2. 3. 4. S. 6. 7. 8.
1. Age -- 15* 13* -.05 .04 -.04 -.12* -.16*
2. llIness duration 13* -- 10 .04 -.01 .05 -.03 .08
3. BMI 5% A12* -- 36%** .02 .08 -.08 10
4. DEB -.00 01 39*** -- 52*** A2F** -.39*** 35%**
5. Diabetes distress .05 .06 10 B2F** -- S1F** - 31x** 24FF*
6. Depressive symptoms .06 .05 .08 39%** AQF** -- - 23*** A7**
7. Self-management -.12* -.05 -17** - 41F** - 26%** - 23%** -- = 2TF**
8. HbA1c -.13* .03 A2 49F** 16* A16* - 32%*F* --

Note. DEB = disturbed eating behaviors; BMI = body mass index. Values above the diagonal represent correlations at T1, below the diagonal

correlations at T2. N=300 for all correlations, except for the correlations with HbA1c (N=231).

*p <.05.** p < 01 ***p< 001,
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Table 3

Univariate ANOVA’s and Post-hoc Group Comparisons Based Upon Tukey HSD Tests for the Four DEB Groups

Total sample DEB groups F-value n?

Variable Low Increasing Decreasing Persistent

Time 1

DEB 13.19 (10.46)  7.59 (4.77)*  12.04 (3.85)" 22.82 (7.39)° 29.30 (8.19)¢ 234.270%** 704
BMI 23.35(3.59) 2256 (3.30)* 23.12 (2.98) 25.52 (3.28)° 25.36 (3.88)° 12.675%** 118
Diabetes distress 0.86 (0.72) 0.64 (0.59)*  1.05 (0.69)° 1.12 (0.69)" 1.47 (0.77)° 26.446%** 211
Depressive symptoms ~ 12.48 (10.87)  9.66 (8.98)*  15.74 (12.03)° 18.36 (12.50)° 18.58 (12.12)° 15.150%*** 133
Self-management 3.77 (0.51) 3.86 (0.48)>  3.90 (0.46)° 3.47 (0.46)? 3.54 (0.51)? 9.885%** 091
HbA1c 7.42 (0.95) 7.17 (0.73)*  8.07 (1.41)° 7.68 (0.87) 7.99 (1.12)° 13.775%** 150
mmol/mol 58 (10.4) 55 (8.0)? 65 (15.4)° 60 (9.5) 64 (12.2)° 13.775%** 150
Time 2

DEB 12.80(9.92)  7.26 (4.54)*  24.17 (5.58)° 12.59 (2.99)° 27.26 (7.81)° 248.793%** 716
BMI 23.70 (3.50)  22.85(3.01)* 23.92 (3.46) 25.87 (3.79)° 25.79 (3.84)° 14.764%** 135
Diabetes distress 0.82 (0.74) 0.63 (0.63)*  1.13(0.81)" 0.93 (0.69)® 1.35 (0.78)° 18.726%*** 160
Depressive symptoms 1155 (9.75)  8.94 (8.26)° 14.84 (11.31)° 15.45 (9.09)° 17.68 (10.60)° 16.530%** 143
Self-management 3.78 (0.49) 3.88 (0.47)° 3.68 (0.35) 3.72 (0.45) 3.47 (0.50)? 12.131*** 109
HbA1c 7.58 (0.95) 7.32(0.70)*  8.34(1.05)° 7.68 (0.90)® 8.22 (1.28)" 16.184*** 176
mmol/mol 59 (10.4) 56 (7.7)? 68 (11.5)° 60 (9.8)® 66 (14.0)™ 16.184%** 176

Note. A group mean is significantly different from another mean if they have different superscripts. A mean without a superscript is not
significantly different from any other mean. Standard deviations are in parentheses. N=300 for all analyses, except for the analyses with HbA1c

(N=231). *p < .05. ** p < .01. *** p < .001.
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Figure 1

Final standardized path coefficients of the cross-lagged models linking DEB to depressive
symptoms (panel a) and glycemic control (panel b)

fp < .10. *p < .05. ** p < .01. *** p < .001.
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