Received: 30 September 2020 Accepted: 31 March 2021

DOI: 10.1111/dme.14581

DIABETIC
SYSTEMATIC REVIEW OR META-ANALYSIS

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
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Psychology, Johannes Gutenberg Abstract

University, Mainz, Germany Aims: In this systematic review, we aimed (1) to identify and describe research inves-
tigating the use of advanced diabetes technologies (continuous subcutaneous insulin
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Institute of Psychology, Johannes AID) in people with type 1 diabetes (T1DM) and disordered eating and (2) to discuss

g;fg?ﬁig;gﬁgﬁixéGcrmany' potential (dis)advantages of diabetes technology use in this population, derived from
previous research.

Methods: We conducted a systematic literature search in two electronic databases for
English articles published between 2000 and 2020 addressing eating disorders and/or
dysfunctional eating behaviours and diabetes technology use in children, adolescents
and adults with TIDM (PROSPERO ID CRD42020160244).

Results: Of 70 publications initially identified, 17 were included. Overall, evidence
on the use of diabetes technologies in people with TIDM and disordered eating is
scarce. The majority of the studies reports findings on CSII in people with TIDM
and dysfunctional eating behaviours or eating disorders. Findings predominantly stem
from observational data and are, in most cases, secondary findings of the respective
studies. Providing the greatest flexibility in diabetes management, CSII may have
benefits in disordered eating. CGM data may complement the diagnostic process of
disordered eating with a physiological indicator of insulin restriction (i.e. time spent
in hyperglycaemia).

Conclusions: Results on possible (dis)advantages of diabetes technology use in peo-
ple with TIDM and disordered eating are based on observational data, small pilot tri-
als and anecdotical evidence from case reports. Prospective data from larger samples
are needed to reliably determine potential effects of diabetes technology on disor-
dered eating in TIDM.

KEYWORDS

eating disorders, disordered eating behaviours, bulimia nervosa, anorexia nervosa, continuous

glucose monitoring, continuous subcutaneous insulin infusion, automated insulin delivery

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,
provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2021 The Authors. Diabetic Medicine published by John Wiley & Sons Ltd on behalf of Diabetes UK

Diabetic Medicine. 2021;38:e14581. wileyonlinelibrary.com/journal/dme 1of 14
https://doi.org/10.1111/dme.14581

85U8017 SUOWILLIOD @A 18810 3deol|dde ayy Aq peusenob a1e s9joile YO ‘@S Joss|n. 10} ArIq1T8UIIUO A1 UO (SUOTIPUOD-PUB-SWLBIWO A8 |IMARIq 1 BUI|UO//SANL) SUORIPUOD PUe SWie | 8U1 88S *[2202/0T/TZ] U0 Akeid)Tauluo A8|IM ‘U N YeuoljqiasyseAln AQ T8SHTBWP/TTTT OT/I0pAL0D A8 1M Ake.q 1 puluo//Sdny Wo.y pepeojumod ‘L ‘TZ0Z ‘T6YSrrT


www.wileyonlinelibrary.com/journal/dme
mailto:﻿￼
https://orcid.org/0000-0001-8010-5475
https://orcid.org/0000-0002-5894-6734
https://orcid.org/0000-0003-0095-9265
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:lipriest@uni-mainz.de

PRIESTERROTH ET AL.

tL3N DIABETIC

Novelty Statement

pilot trials.

cally needed.

1 | INTRODUCTION

Dysfunctional eating behaviours and eating disorders in type
1 diabetes mellitus (T1DM) are serious, yet understudied,
conditions. For people with TIDM, diabetes management re-
quires a lifelong and careful consideration with food choices
and carbohydrate counting, which has long been discussed
as a factor that drives an increased risk for the development
of disordered eating in this population.l’2 Moreover, weight
gain can be a side effect of insulin therapy that can occur
beyond the initial rehydration phase,3‘4 which may lead to
body dissatisfaction and, in consequence, to attempts to re-
duce weight and restricted eating behaviour."*> Other vul-
nerability factors discussed to contribute to the development
and maintenance of disordered eating in TIDM include low
self-esteem/feeling different due to diabetes, pressure of dia-
betes management2 and co-morbid mental disorders such as
depression.® Prevalence estimates for disordered eating range
from <1% to 39%.”'? This wide range in prevalence may be
resulting from different study designs, sample characteristics
and a lack of consensus when it comes to the definition of
disordered eating in people with TIDM. 13

1.1 | Definition of disordered eating in
people with type 1 diabetes mellitus

Disordered eating in T1IDM includes (a) psychiatric eating
disorders, which can be diagnosed by international classifi-
cation systems and (b) ‘disordered’ or ‘dysfunctional’ eating

What is already known?

e Dysfunctional eating behaviours and eating disorders in type 1 diabetes are related
to deterioration of glycaemic control. Diabetes technologies are potent tools to im-
prove self management outcomes.

What has this study found?

e Evidence on the use of diabetes technologies in people with type 1 diabetes and dis-
ordered eating is scarce and stems from case reports, observational data and small

e Providing the greatest flexibility, continuous subcutaneous insulin infusion may be
beneficial in disordered eating.

What are the clinical implications of the study?

e The use of diabetes technologies may have benefits in people with type 1 diabetes
and disordered eating, but prospective data from representative samples are criti-

behaviours that are not frequent or severe enough to warrant
diagnosis for a psychiatric eating disorder.'* We define dys-
functional eating behaviours as a variety of unhealthy weight
management behaviours and eating disorder symptoms,
including restricted eating, binge-eating and the diabetes-
specific omission of insulin and subsequent ‘purging’ of cal-
ories via intentional hyperglycaemia and glucosuria (‘insulin
purging’ls). This purging behaviour is exclusive to people
with diabetes and often referred to as ‘diabulimia’ because
purging behaviours are among the diagnostic criteria for
bulimia nervosa. The term ‘diabulimia’ should be handled
with caution, as it is used inconsistently to either describe
diabetes-specific insulin purging as a single symptom of eat-
ing disorders or to replace the diagnosis ‘bulimia nervosa’ in
TIDM.'

Insulin omission has been found to be a common feature
in TIDM.*'” In a study on the prevalence of disordered eat-
ing in adolescents with TIDM, 18.5% of the boys and 20.5%
of the girls reported to restrict insulin at least three times per
week.'® Althou gh highly effective for weight control, restrict-
ing and underdosing insulin will almost inevitably result in a
deterioration of glycaemic control and, hence, increase the
risk of serious health consequences, hyperglycaemic crisis
and ketoacidosis, and early-onset diabetes complications, as
evidenced by a threefold increase in mortality compared with
people with TIDM who have never restricted insulin."

The presence of purging behaviour is among the diagnos-
tic criteria for bulimia nervosa and also subtypes of anorexia
nervosa. Bulimia nervosa seems particularly more common
in people with TIDM than in the nondiabetic population,’
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whereas other eating disorders such anorexia nervosa and
. . 12
binge-eating have a lower prevalence.

1.2 | Advanced diabetes technologies

An increasing number of people with TIDM use advanced
diabetes technologies (DTs) for facilitating their diabetes
management. If properly used, DT such as continuous sub-
cutaneous insulin infusion (CSII), continuous glucose moni-
toring (CGM) or a combination of both devices (automated
insulin delivery, AID) are potent tools that have been amply
demonstrated to improve self management outcomes in peo-
ple with TIDM.

Compared with insulin regimens built on multiple daily in-
jections (MDIs), CSII is linked to lower glycated haemoglobin
(HbAIc) levels, reduced severe hypoglycaemia, higher quality
of life and treatment satisfaction in people with T1DM.? The
effective use of CSII requires people to be motivated to safely
manage the device. Thus, with regard to disordered eating in
T1DM, various impacts of CSII use are conceivable: using
CSII may contribute to a negative body image,20 that can in
turn increase the risk for disordered eating."” Additionally,
weight gain on insulin treatment might further deteriorate
body dissatisfaction: although daily insulin requirements may
be reduced under CSII*"** and, hence, significant weight gain
may occur less frequently compared with injection insulin
therapies,23 arecent 10-year retrospective study found a linear
increase in body weight for both CSII and MDI across the
study period.24 On the other hand, CSII allows for an even
more flexible eating behaviour through constant rapid-acting
insulin infusion (basal rate) complemented by variable insulin
boluses** and thus may prevent people with TIDM from en-
gaging into a vicious cycle of unfavourable glycaemic control,
restraint eating and disordered eating behaviour.”

CGM has been shown to be superior to conventional self
monitoring of blood glucose with regard to significant re-
ductions in HbAlc, reduced exposure to hypoglycaemia and
higher patient satisfaction.””** The use of CGM may be re-
lated to improvements in disordered eating: excessive calo-
rie intake after hypoglycaemia is discussed as a mechanism
through which disordered eating is potentiated in people with
T1DM.’ Because CGM is associated with reduced exposure
to hypoglycaemia, the need for compensatory, ‘involun-
tary’ calorie intake to treat hypoglycaemia may be lowered.
However, evidence on this hypothetic impact of CGM on dis-
ordered eating in T1IDM is scarce.

The combined use of CGM and CSII, either as sensor-
augmented pump therapy or integrated in a hybrid closed-
loop system, is related to several self management benefits for
children, adolescents and adults with TIDM. Emerging evi-
dence on AID suggests improved glycaemic control, higher
patient satisfaction and other psychosocial benefits?’ > that
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go beyond advantages of CGM and CSII alone. Further re-
ducing the burden of daily self management with AID may as
well have a positive impact on mental health. To date, little is
known about potential (dis)advantages of AID use in people
with TIDM and disordered eating.

As discussed above, DT use may come with specific chal-
lenges and pitfalls in people with TIDM and disordered eat-
ing but may also offer advantages for diabetes management.30
Therefore, this systematic literature review has two aims.
First is to identify and comprehensively describe findings on
the use of DT in people with TIDM and dysfunctional eating
behaviours or eating disorders and second is to discuss pos-
sible advantages and disadvantages of DT use in this popula-
tion in the light of previous findings.

2 | METHODS

The systematic review process adheres to the PRISMA
statement.>’ The protocol was registered with PROSPERO
International prospective register of systematic reviews
(CRD42020160244).

2.1 | Search strategy

We conducted a systematic search in PubMed and Web of
Science in June 2020 for English articles published between
2000 and 2020. Keywords that were searched included
‘continuous glucose monitoring’, ‘continuous subcutaneous
insulin infusion’, ‘automated insulin delivery’, ‘eating disor-
der*®’ ‘anorexia nervosa’, ‘bulimia nervosa’ and ‘disord* eat-
ing behav*’ linked with Boolean operators (AND/OR). The
full search strategy is included in the Appendix. We hand-
searched the retrieved articles for additional references.

2.2 | Inclusion and exclusion criteria

We included English articles published in scientific journals
between 2000 and 2020 addressing eating disorders/disor-
dered eating behaviours and DT use in TIDM. Duplicates
were removed. To be included in this systematic review,
studies must have met the following criteria: (1) publication
in a scientific journal between 2000 and 2020 in English, (2)
addressing disordered eating (i.e. dysfunctional eating be-
haviours or eating disorders) in people with TIDM and (3)
further addressing CSII, CGM or AID use. Animal studies
were excluded. The screening process included an initial title
and abstract screening and a subsequent full text screening.
Each publication was rated by two independent raters. In case
of disagreement, the co-authors discussed the rating until a
consensual agreement was arrived.
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2.3 | Data extraction and quality assessment

We extracted relevant information using a predefined data
extraction sheet. From each study, the following data were
extracted: (1) study details (e.g. authors, year of publica-
tion), (2) study type and methods (e.g. study aim, design),
(3) sample characteristics (e.g. sample size, age, gender), (4)
type of disordered eating addressed (dysfunctional eating be-
haviours, clinical eating disorders), (5) type of DT addressed
(CSIIL, CGM, AID) and (6) outcome domain and measures,
if applicable.

Study quality was assessed by two independent review-
ers with regard to potential bias (e.g. selection, performance,
attrition, detection) using an established assessment tool for
observational cohort and cross-sectional studies or controlled
interventional studies, if applicable.32 Based on 14 questions,
an overall rating was assigned, indicating a low, moderate or
high risk of bias. Disagreements were resolved by discussion.

3 | RESULTS

The PRISMA flow chart illustrates the inclusion and exclu-
sion of studies (Figure 1). Our search identified a total of
70 publications across the two databases. Nine duplicates
were removed. Thirty-six articles did not meet the inclusion
criteria and were excluded in the title and abstract screen-
ing. Four publications were identified by hand-searching
references. Interrater reliability was satisfactory for title and
abstract screening (Cohen's kappa = 0.78) and excellent for
full-text screening (Cohen's kappa = 0.92).*> We examined
the full texts of 29 publications in detail, and 17 studies met
the inclusion criteria. Of the 17 included studies, 15 studies
addressed the use of CSII in people with TIDM and disor-
dered eating.1 1123446 Three studies referred to CGM (two of
which also addressed CSII),38’39’47 and one study referred to
the use of AID in people with TIDM and disordered eating48
(Table 1).

=
S Records identified through database
s Duplicates removed
= searching
= n=9
—ﬁ n=70
Records screened Records excluded

n =061 n=36
50
f=1
'g
8
@ Records added by

hand searching references
a=4 Full-text articles excluded
—_ n=12
Reasons for exclusion:
2z Full-text articles assessed for Full-text unavailable (n = 1)
E" eligibility No DT addressed (n = 1)
m n=29 No results on DT use in disordered
eating (n = 10)
Articles included

n=17
o)
Q
=
=
Q
=

Articles on CGM Articles on CSII Articles on AID
and disordered eating | | and disordered eating | | and disordered eating
n=3a n=15 n=1 FIGURE 1 PRISMA flow chart. “Two
articles addressed both CGM and CSII
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Fourteen studies, thirteen with observational and one with
controlled design, were eligible for quality assessment. Two
case studies*™*! and one review*® included in our synthesis
were not assessed in terms of their quality. Eight studies were
classified as having a moderate risk of bias,'!+12:3435.3742.44.47
Of the six remaining studies, three indicated a low?83%46 and
three indicated a high risk of bias.*®434 Notably, the qual-
ity assessment captures the studies’ quality in terms of their
main aims and hypotheses, which were, in some cases, not
the findings we extracted for this review (Table 1).

Overall, evidence on DT use in people with TIDM and
eating disorder symptomatology is scarce. Results on possible
(dis)advantages of DT use in TIDM and eating problems are
mostly based on case reports, observational data and small pilot
trials in nonrepresentative samples (Table 1), which obviously
limits validity and generalisability of the findings. The included
publications do not always give a clear definition of the symp-
toms, behaviours or even diagnoses subsumed under the widely
used term of ‘disordered eating behaviour’. Only a few of the
included studies directly focused on DT use in people with
co-morbid eating disorders; most of the results summarized in
the following sections stem from secondary analyses and were
more of a by-product of the studies’ original objects.

In the following, we summarize the identified publications
on CSII, CGM and AID use in TIDM and disordered eating:

3.1 | Findings on continuous subcutaneous
insulin infusion

The majority of studies included for synthesis of the results
reports findings on CSII use in people with TIDM and dys-
functional eating behaviours or eating disorders. Findings pre-
dominantly stem from observational data (Table 1) and are, in
most cases, secondary findings of the respective studies.

3.1.1 | Continuous subcutaneous insulin
infusion in dysfunctional eating behaviours

To test the general feasibility of CSII treatment in female
adolescents with TIDM and dysfunctional eating behav-
iours, Pinhas-Hamiel and colleagues conducted a retrospec-
tive pilot study with N = 63 girls, of whom n = 15 showed
intentional insulin omissions, restrictive eating behaviour
or binge-eating behaviour.* Of these 15 adolescents, n = 8
used CSII and had significantly lower HbAlc levels com-
pared with the n = 7 adolescents on MDI. Despite limitations
such as the prohibitively small sample size, Pinhas-Hamiel
et al concluded that CSII is feasible in adolescents with
T1DM and disordered eating behaviours.*

In a sample of N = 151 adolescents with ‘high risk’
(n=22)or ‘lowrisk’ (n = 129) for eating disorders (according
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to Diabetes Eating Problem Survey scores*), Tse et al found
that the number of CSII use did not differ between these
groups (65.1% vs 63.6%, p = 0.89).*° Doyle and colleagues
report similar findings in a sample of N = 60 young adults
with TIDM.* Of these, n = 14 scored high on the Diabetes
Eating Problem Survey-Revised (DEPS-R) scale,”® but rates
of CSII were similar compared with those scoring low on the
scale (71.4 vs 71.7%, p = 0.61).%

In contrast to these studies, Sanlier et al reported lower
DEPS-R scores for those using CSII (n = 24) in a sample of
N = 149 children and adolescents with TIDM.* The authors
discuss that the use of CSII may help to ‘normalise’ eating
behaviour in people with TIDM and should, therefore, be as-
sociated with fewer symptoms of disordered eating.45

In 2006, Battaglia and colleagues hypothesised that, due
to the greater flexibility in eating, adolescents with TIDM
using CSII would report a lower frequency of ‘disordered
eating’ compared with adolescents using MDI.* In a cross-
sectional self report study, they examined female adolescents
using CSII (n =22) or MDI (n = 47) who completed question-
naires on disordered eating, quality of life and self—efficacy.34
The authors found no significant differences in self-reported
disordered eating between the CSII and the MDI group, but
girls on CSII reported better glycaemic control, self-efficacy
and higher quality of life. Self-reported disordered eating
scores varied highly across participants. The cross-sectional
study from Battaglia et al also examined the omission of
insulin doses in the two treatment groups (CSII vs MDI).**
Interestingly, no adolescents in the CSII group reported in-
sulin omission, whereas 15% of the participants in the MDI
group reported to take less insulin or skip insulin doses.**

The association between frequency of insulin omissions
and insulin delivery method was also examined by Merwin
and colleagues.39 The study originally aimed to identify the
time of day when insulin restriction would be most common
using an ecological momentary assessment (EMA) approach
combined with CGM (see below). However, the authors also
found that in their sample of N = 59 adults with high risk
for disordered eating, frequency of insulin restriction was
related to the method of insulin delivery: participants using
MDI omitted insulin more frequently than those using CSII
(2.71 + 33.9 vs 1.24 + 1.67 times a day, p = 0.004).*

In an earlier study, Merwin and colleagues investigated
predictors of insulin omission in an EMA study in a larger
sample of people with high (n = 58) and low risk (n = 25)
for disordered eating. Here, they found that the frequency of
insulin restriction was not significantly correlated to CSII
use.”®
To examine the effects of CSII on disordered eating over
time, Markowitz et al conducted a prospective pilot study
following N = 43 youth over 6 months after CSII initia-
tion.”” The authors argued that CSII initiation may lead to
a decrease in disordered eating behaviour but could also

851907 SUOWILIOD dANER.D 32! dde 3} Ag pauseA0B ae S3[o1Le YO B8N JO S3|NJ 0} Akeiq 1 8ul|UQO A3]IA UO (SUO IPLIOD-pUR-SLUBY /WD A3 | 1M Afeuq | U1 |UO//:SaNY) SUORIPUOD PUe swid 13U} 89S *[¢202/0T/Te] uo Akeiqi8uluo AB|IMm ‘ZURIN %eUi01|dIcSIISPAIUN AQ T8SHT BWP/TTTT OT/I0P/W0d A3 1M Afe.q U1 |UO//SANY WOy popeoiumod ‘L ‘TZ0C ‘TeYSarT



PRIESTERROTH ET AL.

(2N DIABETIC

TABLE 1 Characteristics of the 17 included studies and key findings extracted for this review

Authors, year of
publication

Study aim

Findings on continuous subcutaneous insulin infusion (CSII)

Battaglia et al (2006)34

Doyle et al (2017)*°

Hunger-Dathe et al

(2003)*

Markowitz et al (2013)’

Merwin et al (2015)%®

Merwin et al (2018)*°

Minuto et al (2012)*

Napoli et al (2011)*!

Peterson et al (201 8)42

Pinhas-Hamiel et al
(2010)*

Prinz et al (201 6)44

Reinehr et al (2019)?

Sanlier et al (2019)®

Scheuing et al (20]4)I1

Tse et al (2012)*°

To assess whether CSII is associated
with a lower frequency of DEB,
improved quality of life/self-
efficacy, better glycaemic control

To assess the prevalence of DEB in
emerging adults

To evaluate CSII therapy outcomes and

to identify features associated with
persistently increased HbAlc levels

To assess dysfunctional eating
behaviours upon implementation of
CSII therapy

To identify predictors of insulin
restriction using EMA and blinded
CGM

To examine the frequency of insulin

omission by time of day using EMA

and blinded CGM

Case report on the use of CSII
electronic diary as a source of
information about excessive insulin
administration

Case report on severe DKA due to self-
induced vomiting and subsequent
reduction of insulin boluses to
prevent hypoglycaemia

To assess whether disruption of
hunger and satiety is associated
with bulimic symptoms when
transitioning to CSII

To test feasibility of CSII

To assess use/discontinuation of CSII
in persons with and without co-
morbid mental health disorders

To identify indications of EDs

To investigate associations of
depression and EDs

To compare characteristics/diabetes
outcomes between people with and
without ED

To examine associations of DEB with
diet quality, diet-related attitudes,
and diabetes management

Type of study/study design

Cross-sectional

Cross-sectional (pilot)

Prospective cohort study

Prospective cohort study (pilot)

Observational EMA study

Observational EMA study

Case report

Case report

Cross-sectional (pilot)

Retrospective cohort study
(pilot)

Retrospective cohort study

Retrospective cohort study

Cross-sectional

Retrospective cohort study

Cross-sectional

Participants with TIDM

N = 69 female adolescents,
n =22 on CSII (age
M =14.09 + 1.85 years),
n =47 on MDI (age
M = 14.49 + 1.74 years)
N = 60 young adults,
45% female, age
M =21+ 2.5 years
N = 250 adults, age

M =36.0 + 13.1 years

N = 43 children and adolescents, 45%
female, age M = 13.3 + 1.9 years

N = 83 adults, 88% female, age
M =41.89 + 12.43 years

N =59 adults, 93.2% female, age
M =41.3 + 12.4 years

N =1, 14-year-old girl

N =1, 26-year-old woman

N = 43 children and
adolescents, 54% female, age
M =12.86 + 1.83 years

N = 63 girls, age >10 years

N = 48,700 children, adolescents and
adults, 47.4% female, age between
5 and 30 years, median 15.6
[12.0-17.7] years

N = 31,556 female children,
adolescents, young adults

N =149, 45.6% female, age
M =13.42 + 2.31 years

N = 52,215 children, adolescents,
young adults, 47,24% female, age
8 to <30 years

N =151 adolescents, 48% female, age
M =15.6 &+ 1.5 years
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DEB/ED

DEB according to EDI-2 and EAT-26 scores; analysis included
mean scores of both groups

DEB according to DEPS-R scores; n = 14 participants with DEPS-R
scores >20

n = 12 participants with mental health disorders including AN and BN

DEB according to DEPS-R scores; n = 2 participants with
DEPS-R scores >20

DEB (insulin restriction) assessed with EMA in n = 74 participants

DEB according to DEPS-R scores in N = 59 participants, insulin

restriction assessed with EMA

Binge-eating disorder

DEB; purging behaviour (self-induced vomiting)

Bulimic symptoms according to EDI-3 Bulimia subscale; disruption of
hunger and satiety according to DTSS-20 scores

DEB in n = 15 participants

ED diagnosis according to ICD-10 and DSM-IV, DSM-5 in n = 395
participants, ED diagnoses not specified

ED diagnosis according to ICD-10 and DSM-IV, DSM-5 inn = 514
participants (n = 155 with AN, n = 85 with BN, n = 45 with
binge-eating disorder, n = 229 with EDNOS)

DEB according to DEPS-R scores

ED diagnosis according to ICD—10 and DSM-1V in n = 467
participants (n = 141 with AN, n = 62 with BN, n = 264 with
EDNOS, including binge-eating disorder)

DEB according to DEPS scores, n = 22 ‘at risk’

piABETIC MIRKRE

Key findings for this review

No differences in DEB scores between CSII and MDI group; none of
the adolescents on CSII reported insulin omission, while 15% in
the MDI group did

No differences in frequency of CSII use between participants at high
vs low risk for ED

Mental health disorders including eating disorders were found to be
associated with persistently increased HbAlc levels

Mean DEPS-R scores decreased over 6 months after CSII initiation

No significant correlation between frequency of insulin restriction and
CSII use

Frequency of insulin restriction was related to insulin delivery method;
MDI users restricted insulin more frequently than CSII users

Analysis of CSII data revealed frequent additional insulin boluses the
person administered to cover for following binge-eating episodes

Napoli et al discuss that in the presence of DEB, CSII use might
facilitate weight control through ‘easy modulation’ of insulin doses

Combination of high depression scores and excessive hunger was
associated with most bulimic symptoms; Peterson et al discuss that
CSII better mimics the healthy metabolism which may improves
uncontrollable hunger and, subsequently, bulimic symptoms

Of 15 adolescents with DEB, n = 8 used CSII and had significantly
lower HbAlc levels compared with the n = 7 adolescents on MDI

People with ED used CSII with a similar frequency than people
without co-morbid mental health disorder; CSII discontinuation
was higher in persons with co-morbid ED

Type of insulin delivery was not related to eating disorders, except for
AN: CSII use decreased the likelihood for AN by almost one-half

Fewer DEB in children/adolescents on CSIIT

Frequency of CSII use was lower in people with co-morbid ED than in
people without ED and lowest in people with co-morbid AN

No differences in frequency of CSII use between participants
‘at low risk’ vs ‘at risk’ for ED

(Continues)
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TABLE 1 (Continued)

Authors, year of

publication Study aim
Findings on continuous glucose monitoring (CGM)

Eisenberg Colman et al
(2018)*

To investigate whether an intervention
to improve overall diet quality
inadvertently increases DEB

Merwin et al (2015)38 To identify predictors of insulin
restriction using EMA and blinded

CGM

Merwin et al (2018)% To examine the frequency of insulin
omission by time of day using EMA

and blinded CGM

Findings on automated insulin delivery (AID)

Kahkoska et al (2017)48 To discuss the role of dietary restraint
in T1DM therapy and potential

implications of AID use

Type of study/study design Participants with TIDM

N =90 adolescents, 51.1% female,
age M = 13.7 years

Randomized controlled trial
(secondary analysis)

Observational EMA study N = 83 adults, 88% female, age

M = 41.89 + 12.43 years

Observational EMA study N =59 adults, 93.2% female, age

M =41.3 + 12.4 years

Review -

Abbreviations: AN, anorexia nervosa; BN, bulimia nervosa; CGM, continuous glucose monitoring; CSII, continuous subcutaneous insulin infusion; DEB, dysfunctional
eating behaviours; DEPS, Diabetes Eating Problems Survey49; DEPS-R, Diabetes Eating Problems Survey—RevisedSO; DKA, diabetic ketoacidosis; DSM-IV, Diagnostic
and Statistical Manual of Mental Disorders, fourth edition; DSM-5, Diagnostic and Statistical Manual of Mental Disorders, fifth edition; DTSS-20, Diabetes Treatment
and Satiety Scale®”; EAT-26, Eating Attitudes Test-26°*; ED, Eating disorder; EDI-2, Eating Disorder Inventory-2%*; EDI-3, Eating Disorder Inventory-3%; EDNOS,
eating disorders not otherwise specified; EMA, ecological momentary assessment; HbAlc, glycated haemoglobin; ICD-10, International Statistical Classification of
Diseases and Related Health Problems, 10" Revision; MDI, multiple daily injections; T1DM, type 1 diabetes; TAR, time above range; TBR, time below range.

intensify the focus on food intake, thus possibly increasing
the risk for disordered eating. With only two persons being
at ‘high risk’ for an eating disorder according to DEPS-R
scores at baseline, DEPS-R scores for the sample still sig-
nificantly decreased over time after initiation of CSII treat-
ment. Markowitz and colleagues discuss that these positive
effects of CSII treatment might emerge from greater lifestyle
flexibility, normalisation in appetite and a renewed focus
on diabetes treatment that may rather facilitate a (re)focus-
ing on functional treatment decisions than intensifying the
focus on food intake in a dysfunctional manner.’” Notably,
the small pilot sample did not score particularly high on the
DEPS-R scale at any time,”’ so effects of CSII may be dif-
ferent in people with diabetes being at higher risk for disor-
dered eating.

3.1.2 | Continuous subcutaneous insulin
infusion in eating disorders

Prinz et al analysed data from the German/Austrian/
Luxembourgian ~ and  Swiss  Diabetes  Patienten
Verlaufsdokumentation (DPV) Registry and found that per-
sons with eating disorder diagnosis (n = 395, diagnoses not
specified) use CSII with a similar frequency than people with
diabetes without co-morbid mental disorders.** Interestingly,
the authors report that the rate of CSII discontinuation is
higher in persons with a co-morbid eating disorder (10% vs
5.1%, p < 0.05).

Anorexia nervosa

Three studies report on the use of CSII in people with an-
orexia nervosa. Hunger-Dathe and colleagues examined
N =250 persons with TIDM on CSII to identify factors asso-
ciated with consistently elevated HbAlc levels. In 43 people,
CSII use did not lead to improvements in glycaemic control
or reduction of acute diabetic complications. Twenty-eight
percent of these people were afflicted by mental health disor-
ders including anorexia nervosa and bulimia nervosa.”® The
authors discuss mental health issues as a general risk factor
of poor glycaemic outcomes.

In a 2014 retrospective study, Scheuing et al analysed
data from the DPV Registry (N = 52,215) to describe clinical
characteristics of people with and without documented eat-
ing disorder (according to Diagnostic and Statistical Manual
of Mental Disorders, fourth edition criteria).ll The authors
found worse glycaemic outcomes, a higher frequency of di-
abetes complications and lower use of CSII in people with
T1DM and co-morbid eating disorder (n = 467) compared
with people with T1DM without eating disorder. The lowest
frequency of CSII use was found among people with TIDM
and anorexia nervosa (n = 141; 13.1% vs 19.5%, p = 0.037;
compared with no eating disorder)."!

In a recent study, Reinehr et al argued that using CSII —
which allows greater eating flexibility — is related to a lower
risk for eating disorders.'? The authors analysed follow-up
data of N = 31,556 women from the DPV Registry, including
n = 514 persons with a documented diagnosis of an eating
disorder. They found that the type of insulin delivery was
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DEB according to DEPS-R scores

DEB (insulin restriction) assessed with EMA in n = 74 participants

DEB according to DEPS-R scores in N = 59 participants, insulin
restriction assessed with EMA

not related to any eating disorder diagnosis but anorexia ner-
vosa. The use of CSII decreased the likelihood for anorexia
nervosa in the underlying sample by almost one-half which
(partly) confirmed the authors’ hypothesis that CSII use is
related to a lower risk for eating disorders.'

Bulimia nervosa

Two studies referred to CSII and symptoms of bulimia ner-
vosa. Peterson et al argued that CSII may improve bulimic
symptoms.42 In a cross-sectional pilot study (N = 43), the au-
thors examined the risk for bulimic symptoms in adolescents
with T1DM transitioning from MDI to CSII. Results showed
that a combination of high depression scores and excessive
hunger was associated with the most bulimic symptoms in
this sample.42 Peterson and colleagues discuss that CSII is
more flexible and better mimics the healthy metabolism, so
they argue that the use of CSII could improve uncontrolla-
ble hunger in TIDM and consequently reduces bulimic be-
haviours.*? Unfortunately, the study's design does not allow
for further examination of the hypothetical relation between
disrupted hunger, CSII use and bulimic symptoms, so this
relationship still remains speculative.

On the other hand, Napoli and colleagues present the case
of a pregnant 26-year-old woman with TIDM on CSII treat-
ment who was hospitalised for diabetic ketoacidosis in her
third trimester.*' The person engaged into purging behaviour
by self-induced vomiting and subsequently reduced her in-
sulin doses to prevent hypoglycaemia. The authors point out
that CSII may facilitate the manipulation of insulin delivery

DIABETIC MR

Key findings for this review

DEB were associated with higher mean glucose and TAR (>180 mg/
dl), but not with TBR (<70 mg/dl) or glycaemic variability; CGM
can be used to assess glycaemic associations of DEB

Insulin restriction was correlated with higher mean glucose and TAR
(>180 mg/dl); CGM can be used to assess glycaemic associations
of DEB

Insulin restriction was less likely in the morning and more likely in
the late afternoon; insulin restriction was associated with higher
mean glucose; CGM can be used to assess glycaemic associations
of DEB

The authors discuss that the flexibility in eating offered by AID may
decrease the need for cognitive dietary restraint, thus promoting
disinhibited eating

and discuss that CSII should not be considered in people with
T1DM who show purging behaviour.*!

Binge-eating disorder

A 2012 case report by Minuto et al describes the use of CSII
data to identify disordered eating behaviour.*” The authors
report on a 14-year-old girl with TIDM who was diagnosed
with binge-eating disorder after analysis of CSII data revealed
frequent additional insulin boluses followed by food intake.*’
Despite these additional glucose intakes, the administered
insulin boluses led to hypoglycaemic episodes. Minuto and
colleagues point out that CSII data might help to understand
if severe hypoglycaemic episodes are due to excessive insu-
lin administration (after a binge-eating episode).40

3.2 | Findings on continuous
glucose monitoring

Of the 17 included studies on diabetes and disordered eating,
three studies referred to the use of CGM data in studies tar-
geting dysfunctional eating behaviours in T1DM.

As described above, Merwin et al investigated daily fre-
quencies of insulin omission by analysing continuously
measured glucose data in N = 59 adults with T1IDM and dis-
ordered eating (i.e. a score >20 on the DEPS-R).39 Results
showed that insulin omission was less likely in the morning
and more likely in the late afternoon and that insulin omis-
sion was associated with higher blood glucose.39 In an earlier
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study, the authors also found a correlation between insulin
restriction and higher mean glucose levels, as well as time
spent in hyperglycaemia (assessed with blinded CGM).*®
Findings of a secondary trial analysis by Eisenberg Colman
et al (N = 90 adolescents) also show an association between
dysfunctional eating behaviours (i.e. higher DEPS-R scores)
and glucose data recorded by CGM.*" The authors found a
significant association of higher DEPS-R scores with time
spent in hyperglycaemia, but not with other CGM parameters
such as time spent in hypoglycaemia or glycaemic variabil-
ity, suggesting that chronic hyperglycaemia is the best CGM
‘indicator’ of dysfunctional eating behaviours for health care
professionals.47 The three studies demonstrate that CGM data
may assist the assessment of disordered eating, complement-
ing self-report measures and clinical interview data with a
physiological indicator—as a high proportion of hypergly-
caemic glucose values may hint to intentional hyperglycae-
mia that follows insulin omission.

3.3 | Findings on automated insulin delivery
One publication included for the synthesis of the results re-
ferred to AID and disordered eating behaviour.

Ina2017 review, Kahkoska et al discuss AID and its impli-
cation in the light of ‘dietary restraint theory’,”" that implies
that people with T1DM experience cognitive dietary restraint
imposed by carbohydrate counting, treatment guidelines on
food intake and eating in the absence of ‘natural’ hunger, that
is, when glucose is low.*® Applying the theory's assumptions
to TIDM and AID systems, the authors hypothesise that the
flexibility in eating offered by AID decreases the need for
cognitive dietary restraint, thus promoting disinhibited eating
behaviour.*® Kahkoska et al suggest that the transition from
‘traditional’ insulin treatment to AID is a beneficial time
point to promote education on healthy eating and cognitive
reappraisal to avoid unintended behavioural consequences
such as overeating.48 However, the authors concede that data
are critically needed to investigate the theory's implications
in practice.

4 | DISCUSSION

In this systematic literature review, we aimed at identifying
and integrating research on DT use in people with TIDM and
dysfunctional eating behaviours or eating disorders. Overall,
respective studies are scarce. Out of 70 publications initially
identified, 17 met the inclusion criteria. The majority of these
studies addressed the use of CSII in individuals with dys-
functional eating behaviours and not manifest eating disor-
ders. Results on possible (dis)advantages of DT use in people
with TIDM and eating problems are mostly based on case

reports, observational data and small pilot trials in nonrep-
resentative samples. Of 14 studies assessed in terms of their
quality, 11 indicated a moderate or high risk of bias, which
further diminishes the validity of the already limited results.

Research on DT use in disordered eating is often based
on studies in female adolescents/young adults. So far, men
have been underrepresented in the eating disorder literature,
but research from the last decade suggests that eating dis-
orders in men are not as rare as it has long been assumed.>”
Additionally, tools to assess disordered eating have been crit-
icised to rely on primarily ‘feminine’ indicators of disordered
eating (e.g. drive for thinness), thus underestimating disor-
dered eating when applied in male samples.53 However, a re-
cent study using a diabetes-specific questionnaire to measure
dysfunctional eating behaviours found a similarly high rate
of dysfunctional eating behaviours in male participant with
T1DM.* Further research on disordered eating and DT use
in T1DM should, therefore, include all genders.

The majority of the included publications does not give
a clear definition of the symptoms, behaviours or even diag-
noses subsumed under the widely used term of ‘disordered
eating behaviour’. Furthermore, few of the included studies
focused DT use in people with co-morbid eating disorders
directly; most of the presented results stem from secondary
analyses and were more of a by-product of the studies’ orig-
inal objects.

The majority of the studies used observational data to de-
scribe associations between DT use and disordered eating.
Results of these analyses are heterogenous: some of the in-
cluded studies found an association between DT (i.e. CSII)
use and disordered eating,11’12’37’39’44’45
not,12:34:35.38:44.46 Certainly, the studies’ observational designs
do not allow for causal conclusion, leaving it unclear if DT
has any effects on disordered eating or if people exhibiting
disordered eating use DT less frequently. However, a DPV
Registry analysis found that rates of CSII discontinuation ap-
pear to be higher among people with TIDM and co-morbid
diagnosis of an eating disorder.** Table 2 summarizes the
preliminary findings on potential benefits and pitfalls of DT
use in disordered eating.

In terms of potential benefits of DT in dysfunctional eat-
ing behaviours, it was argued that the use of CSII could con-
tribute to ‘normalised’ eating behaviours in TIDM. Given the
higher flexibility in one's diabetes management, it was hy-
pothesized that CSII use should lead to less disordered eating
behaviours including deliberate insulin omission. 23374243
However, evidence on this hypothetical relation is lacking.
Another plausible benefit of CSII use may lie in reduced
daily insulin requirementsm’22 and, hence, possibly a less
pronounced weight gain compared with injection therapies.23
This may, again, reduce dysfunctional eating behaviours that
target weight reduction and control, such as restrained eat-
ing or bulimic behaviours. One small prospective pilot study

whereas others did
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TABLE 2 Preliminary findings on diabetes technology use in people with TIDM and dysfunctional eating behaviours or eating disorders

Eating disorders

Binge-eating disorder

Bulimia nervosa

Anorexia nervosa

Dysfunctional eating behaviours

e Potential benefit: storage data can reveal

e Lower frequency of e Potential benefit: greater flexibility may improve

e Heterogenous findings on the frequency of use
e Potential benefit: less dysfunctional eating

CsII

additional boluses40; CSII data may be used to

uncontrollable hunger and bulimic symptoms*?

11,12

use

support the assessment of binge-eating patterns

e Potential pitfall: facilitation of insulin dose

behaviours including insulin omission through

manipulation®!

greater flexibility***7%

e Potential benefit: dysfunctional eating

CGM

behaviours may be reflected in CGM data, 839

complementing the diagnostic process

e Potential pitfall: greater flexibility may lead to

AID

disinhibited eating®®

Abbreviations: AID, automated insulin delivery; CGM, continuous glucose monitoring; CSII, continuous subcutaneous insulin infusion.

pIABETIC HIREAS

found initial hints that CSII use can lead to significant re-
ductions in dysfunctional eating behaviour, even in a sample
with comparatively low DEPS-R scores.”’ Regarding po-
tential pitfalls of CSII use in disordered eating, the concern
has been expressed that CSII may facilitate manipulation of
insulin delivery.‘“’54 This remains an anecdotal observation
that has not been supported by robust evidence yet. Others
argued that CSII initiation may intensifies the focus on food
intake, thus possibly increasing the risk for disordered eat-
ing.37 Prospective data from larger, representative samples
are needed to reliably determine the hypothesised functional
and dysfunctional effects of CSII on eating behaviours.

In terms of potential benefits of CGM use in people with
T1DM and dysfunctional eating behaviours, findings suggest
that CGM data can hint to episodes of insulin omission and
that the proportion of time spent in hyperglycaemia is the
best CGM indicator of disordered eating behaviour.***47
People with T1IDM do not necessarily exhibit typical signs
of an increased risk for an eating disorder® and mental co-
morbidities appear to be often unrecognized.44 Clinicians
may consider using DT data to complement the diagnostic
process of dysfunctional eating behaviours, after screening
for other established ‘yellow flags’ for disordered eating (e.g.
dieting frequency, body dissatisfaction and reduced quality
of life).>> CGM data may not only assist the diagnosis of dis-
ordered eating because insulin manipulation has also been
related to other mental disorders and self management dif-
ficulties.>® However, more research is needed to determine
the value of CGM data next to known ‘yellow flags’ in the
diagnostic process of mental health co-morbidities.

Additionally, it is important to note that people with dys-
functional eating behaviours and eating disorders typically in-
tend to hide these behaviours, for example, by decreasing the
frequency of glucose monitoring or not having their DT re-
cords and data with them for medical appointments.'? People
with co-morbid disordered eating may be uncomfortable
with the prospect of sharing even more information on in-
sulin administration and glucose control with the health care
team when using DT—a potential issue that could explain
lower frequency of DT use and higher rates of discontinu-
ation found in recent registry data.'"** However, it appears
that privacy concerns regarding DT use among people with
dysfunctional eating behaviours or eating disorders have not
been systematically addressed yet.

A previous study on insulin mismanagement using
blinded CGM found that individuals with diabetes show
some degree of ‘disinhibited’ eating (i.e. relinquishing
control over type and amount of food) when they thought
glucose levels were low.”’ Although carbohydrate intake is
obviously in line with recommendations to avoid and treat
hypoglycaemia, this kind of ‘disinhibited’ eating was related
to feelings of guilt and shame and increased the likelihood
of insulin omission to purge ‘extra calories’ that have been
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ingested before.”” CGM may provide a sense of increased
safety in terms of hypoglycaemia, thus preventing ‘disin-
hibited eating’ due to anticipated hypoglycaemia and sub-
sequent purging of extra calories. Future studies could use
CGM data to further investigate the role of glucose patterns,
particularly hypoglycaemic episodes, in disordered eating in
T1DM.

Disadvantages of CGM use are also conceivable: peo-
ple with TIDM engaging in insulin purging might perceive
CGM data as an opportunity to ensure that glucose values
are as high as intended to purge calories.**>* However, there
appears to be no scientific evidence that CGM has been used
in this way.

With regard to AID, our systematic search for literature
only identified one theoretical work discussing hypothetical
effects of AID systems on dysfunctional eating behaviours.*®
Although anecdotal examples of the proposed ‘lift’ of dietary
restraints through AID seem to exist,*® this effect has not yet
been systematically examined in people with TIDM transi-
tioning to AID therapy.

The studies included in this review were conducted in the
USA 343537-39424647 By e 1112364445 514 [orael 4 Access
to DT and medical indication for DT vary between countries,
so it may be that people with co-morbid eating disorders are
over- or underrepresented in the respective studies. Finally,
one has to keep in mind that wearing DT can also have a
negative impact on one's body image,”**® which is discussed
as an important factor when it comes to the development of
dysfunctional eating behaviours and eating disorders.'”

In general, DT use is related to a multitude of positive
effects in people with diabetes such as enhanced quality of
life, lifestyle and eating flexibility or decreased depressive
symptoms.59 Due to limited and heterogeneous evidence on
DT use in people with TIDM and disordered eating, it still
remains to understand if the positive effects associated to
DT use might alleviate the burden of daily self management.
However, it is needless to say that the presence of mental
health issues such as symptoms of disordered eating warrant
referral to a mental health professional, as recommended by
international treatment guidelines.“®' Changes in treatment
such as the transition to DT cannot be expected to be suffi-
cient to tackle mental health issues.

There are limitations to our findings worth noting: in terms
of the methodology of this review, we cannot rule out that our
systematic search for literature missed publications on DT
use in people with disordered eating and T1DM (although
we applied a broad search strategy). We did not screen grey
literature, and our search was restricted to two databases and
publications in English. Because of the heterogenous designs
(observational, experimental, case studies) and heterogenous
outcome measures, the results of our literature search do not
allow quantitative synthesis via meta-analysis.

5 | CONCLUSIONS

Overall, empirical evidence on DT use in people with
disordered eating is scarce. Single studies and anecdotal
reports point out benefits of DT use in disordered eat-
ing, but further research is needed to systematically ad-
dress possible advantages and disadvantages of DT use in
people with TIDM and subthreshold dysfunctional eat-
ing behaviours or eating disorders. Providing the great-
est flexibility, CSII may have positive effects on daily
diabetes management tasks and ensures a constant sup-
ply of insulin—even in the presence of purging behav-
iour. Empirical evidence on the anecdotal idea that CSII
devices facilitate manipulation of insulin doses is virtu-
ally nonexistent. Discontinuation of CSII use tends to be
higher in people struggling with disordered eating—but
the reasons remain unclear. CGM data may complement
self-report measures and clinical interview data with a
physiological indicator of disordered eating (i.e. time
spent in hyperglycaemia), providing further hints towards
dysfunctional eating behaviours. Although the same pos-
sible advantages and disadvantages are conceivable for
the combined use of CSII and CGM in AID systems, AID
use theoretically comes along with even more flexibility
in eating that lifts former restraints and causes disinhibi-
tion in eating behaviour, so the phase of transitioning to
AID (or DT in general) may be a valuable time point to
screen for disordered eating.48 Possible (dis)advantages
of DT use addressed in this systematic review should be
carefully considered in each individual with disordered
eating and T1DM while referral to a mental health profes-
sional needs to be ensured.
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