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Abstract

Background: There is risk for disordered eating behaviors in type 1 diabetes, especially related to insulin manipulation.
Implementation of insulin pump therapy may encourage either normalization of eating behaviors or a greater focus on food
intake due to renewed emphasis on carbohydrate counting. There is need for prospective studies to assess disordered eating
behaviors upon implementation of pump therapy using diabetes-specific measurement tools.
Subjects and Methods: In a multicenter pilot study, 43 youth with type 1 diabetes, 10–17 years old, were assessed prior to
pump initiation and after 1 and 6 months of pump therapy. Youth completed the Diabetes-specific Eating Problems Survey-
Revised (DEPS-R), a validated measure of risk for both diabetes-specific and general disordered eating behaviors.
Results: Youth (45% female), 13.3 years old with diabetes for 2.1 years, had a mean hemoglobin A1c of 8.3 – 1.3%
(68 – 14.5 mmol/mol) at baseline. DEPS-R scores decreased over time (P = 0.01). Overall rate of high risk for eating disorders
was low. Overweight/obese youth endorsed more disordered eating behaviors than normal-weight participants. DEPS-R
scores were correlated with z-score for body mass index at all three time points and with hemoglobin A1c after 1 and 6
months. Hemoglobin A1c did not change significantly over the 6 months and was higher in overweight/obese compared
with normal-weight participants.
Conclusions: Initiation of insulin pump therapy was associated with diminished endorsement of disordered eating behaviors
in youth with type 1 diabetes. Longer follow-up studies are needed to assess the impact of insulin pump therapy on glycemic
control, weight status, and disordered eating behaviors in this vulnerable population.

Background

Disordered eating behaviors are more common in
youth with type 1 diabetes (T1D) than in a normative

sample of youth.1–3 In addition to more typical disordered
eating behaviors, youth with T1D may use a unique disor-
dered eating behavior, namely, insulin restriction or omission,
which is seen in up to 30% of youth/young adults with
T1D.4,5 Although there is a body of research on disordered
eating and T1D, there are few prospective studies in general
and few studies using diabetes-specific assessment tools.

Conventional insulin regimens demand that eating pat-
terns match times of peak insulin action, rather than follow
physiologic hunger signals. Modern, physiologic insulin re-
placement programs using either basal-bolus injection pro-
grams or pump therapy may allow for the reestablishment of

appetite as well as flexible eating patterns. Insulin pump
therapy, in particular, is an increasingly popular treatment
option for managing diabetes in youth,6 and because hunger
can be a symptom of hypoglycemia, patients who have dif-
ficulty distinguishing between hunger and hypoglycemia
may benefit from pump therapy because insulin can be ti-
trated at small doses, which can help avoid hypoglycemia. In
addition, pump therapy not only may allow greater aware-
ness of hypoglycemia, but also provides flexibility around
eating and exercise so youth can feel more like their peer
group. Although the majority of research on disordered eat-
ing and T1D does not account for insulin regimen, one study
showed no difference in prevalence of disordered eating be-
haviors between adolescent females treated with pump ther-
apy and those treated with multiple daily injections, using a
general measure of disordered eating behaviors.7 Another
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study of teenage females with T1D and preexisting eating
disorders demonstrated that those treated by pump had bet-
ter glycemic control than those on multiple daily injections.8

The transition to insulin pump therapy may have an impact
on eating behaviors, providing an opportunity either to nor-
malize behaviors or to intensify a focus on eating behaviors.
Additional prospective research in this area is needed as
no studies to date have examined the relationship among
disordered eating, initiation of pump therapy, and glycemic
control, particularly using a diabetes-specific measure of
disordered eating behaviors.

To better understand the development of disordered eating
behaviors in youth with T1D, the effects of insulin regimen
needs to be examined. One approach is to assess disordered
eating behaviors prior to and following initiation of insulin
pump therapy, which is a time when patients direct more
attention to their diabetes management in general and to their
eating behaviors in particular, with a rigorous focus on car-
bohydrate counting for pump bolus management. Thus, the
start of insulin pump therapy could be considered a ‘‘reset-
ting’’ of diabetes treatment and the patient’s relationship with
food.

The majority of studies examining disordered eating and
T1D use general measures of disordered eating.9 These gen-
eral measures may be both oversensitive to eating behaviors
that are normative in T1D, including a focus on food, and
undersensitive to disordered eating behaviors specific to T1D,
such as insulin underdosing or omission. In this multisite pilot
study of 43 patients, we prospectively examined disordered
eating behaviors, assessed by a diabetes-specific measure, the
16-item Diabetes-specific Eating Problem Survey-Revised
(DEPS-R), in youth with T1D prior to starting insulin pump
therapy and again 1 and 6 months later. Of note is that this
survey measures behaviors related to disordered eating, not
clinically diagnosed eating disorders. We hypothesized that
self-reported symptoms of disordered eating would diminish
over time following initiation and ongoing use of insulin
pump therapy, while glycemic control, measured as hemo-
globin A1c (A1c), would also improve.

Subjects and Methods

Participants were youth with T1D, 10–17 years old, re-
cruited from three diabetes care centers: Emory University
(Atlanta, GA), Georgia Health Sciences University (Augusta,
GA), and the Joslin Diabetes Center (Boston, MA). All par-
ticipants had established T1D treated with injection-based
therapy and plans to initiate insulin pump therapy. Exclusion
criteria included unstable medical/psychiatric conditions af-
fecting weight or interfering with diabetes management. At
each site, eligible participants were approached at an outpa-
tient medical visit.

Youth participants were assessed prospectively using
standardized and diabetes-specific questionnaires at baseline
(prior to insulin pump start), after 1 month, and after 6 months
of insulin pump therapy. Data collected by medical chart
review included age, duration of T1D, height, weight, A1c, and
insulin regimen prior to pump-start. Age- and sex-adjusted
z-score for body mass index (zBMI) was calculated10;
overweight/obese was defined as ‡ 85th percentile.

All participants/families underwent site-directed training
and preparation for insulin pump therapy, which included

understanding pump principles, carbohydrate counting, in-
sulin dosing, and sick day management.

Institutional review boards at participating centers ap-
proved all study procedures. Parents/guardians and youth
provided written informed consent and assent, as appropriate.

Measures

DEPS-R.11 Youth completed the DEPS-R, a 16-item self-
report questionnaire to measure general and diabetes-specific
disordered eating behaviors. The DEPS-R has good internal
consistency (Cronbach’s a = 0.86) and is validated for use in
the pediatric population. The six response items include the
possible answers never, rarely, sometimes, usually, often, or
always. Endorsement was defined as answering with any of
the following: ‘‘sometimes,’’ ‘‘often,’’ ‘‘usually,’’ or ‘‘always.’’
Higher scores indicate greater disordered eating behaviors,
with a score of ‡ 20 indicating high risk for disordered eating.

Glycemic control. Blood samples, to measure A1c, were
obtained at diabetes visits most proximal to the three study
visits. All sites used their own A1c methods with assays
standardized to Diabetes Control and Complications Trial
values (reference range, 4.0–6.0% [20–42 mmol/mol]).

zBMI and weight categories. Age- and sex-adjusted zBMI
was calculated based on growth charts from the Centers for
Disease Control and Prevention.10 Overweight/obese was
defined as a BMI ‡ 85th percentile; underweight was defined
as < 5th percentile.

Statistical analysis

Analyses used SAS software (version 9.2 for Windows; SAS
Institute, Cary, NC). All data are presented as mean – SD
values, median (range) values, or percentages as indicated.
DEPS-R scores are presented as median (25th and 75th quar-
tiles) because of the right skewed distribution. Statistics in-
cluded Pearson’s and Spearman’s correlations, paired and
unpaired t tests, v2 tests, Wilcoxon rank sum, mixed effects
modeling, and general linear models. A P value of < 0.05
conveyed statistical significance.

Results

Participant characteristics at baseline and follow-up

The pilot study consisted of 43 youth (45% female) with
T1D, although the analyses include only the 37 participants
who completed the DEPS-R at all three time points. Of the six
remaining participants, one completed the DEPS-R at base-
line only, one at only 1 month and 6 months of follow-up,
and four at only baseline and 6-months of follow-up. Char-
acteristics of participants appear in Table 1. Prior to insulin
pump start, patients had a mean age of 13.3 – 1.9 years and
median duration of T1D of 2.1 years (25th–75th percentile,
1.2–6.3). In addition, 84% of patients were on a basal-bolus
regimen, and 16% received NPH as part of their insulin
treatment.

Mean baseline A1c was 8.3 – 1.3% (68 – 14.5 mmol/mol).
Although mean A1c did not change over the 6-month study,
approximately one-third of the participants had a decrease in
A1c of 0.5% (5 mmol/mol), one-third increased by ‡ 0.5%
(5 mmol/mol), and one-third remained within 0.5% (5 mmol/

EATING BEHAVIORS IN YOUTH WITH T1D 429



mol) of the baseline A1c value. Mean zBMI was 0.7 – 0.9; no
participant was underweight. The proportion of overweight/
obese participants increased nonsignificantly over time from
41% at baseline to 44% at 1 month and 46% at 6 months
(P = 0.64). A1c did not differ by weight status at baseline or at
1 month; however, at 6 months of follow-up, A1c was sig-
nificantly higher in overweight/obese participants compared
with normal-weight participants (8.7% [72 mmol/mol] vs.
7.8% [62 mmol/mol]; P = 0.005).

DEPS-R scores at baseline and follow-up

Median DEPS-R score at baseline was 8.0 (25th–75th per-
centile, 4.0–13.0); only two patients at baseline attained a score
that indicates high risk for disordered eating behavior (score
of ‡ 20). There was a significant difference in baseline median
DEPS-R scores between females and males, with females
scoring higher (females, 11.0 [25th–75th percentile, 8.0–15.0];
males, 5.0 [25th–75th percentile, 2.5–11.2]; P = 0.04). Similarly,
sex differences in DEPS-R scores persisted at the 1- and
6-month assessments. At all three assessments, participants
who were overweight/obese scored significantly higher on
the DEPS-R than those who were normal weight (median
scores for overweight/obese vs. normal-weight participants,
respectively: baseline, 12.0 vs. 4.5; 1-month follow-up, 10.5 vs.
3.0; 6-month follow-up, 10.0 vs. 4.0; all P < 0.02).

Compared with baseline score, DEPS-R scores for the
sample were significantly reduced at 1 month to 5.0 (25th–75th

percentile, 2.0–11.0; P = 0.01) and at 6 months to 6.0 (25th–75th

percentile, 2.0–11.0; P = 0.02). During follow-up, an additional
three patients scored ‡ 20 on the DEPS-R. Mixed effects
modeling showed a trend toward a difference in DEPS-R
scores over the three time points (P = 0.06). Change in DEPS-R
scores over time in the subgroups according to sex and weight
status showed similar downward trends, but the numbers
were too small to attain significance.

Correlations between DEPS-R scores with zBMI
and A1c over time

The associations between participant characteristics and
DEPS-R scores varied over time (Table 2). Diabetes duration
was positively correlated with DEPS-R scores at baseline and
6 months, whereas age showed no correlation with DEPS-R at
any time. zBMI had the strongest correlations with DEPS-R
scores over time (all r ‡ 0.48, P £ 0.003). With respect to gly-
cemic control, A1c levels were positively correlated with
DEPS-R scores at 1 month and 6 months of follow-up, al-
though not at baseline. In a subset of 18 patients, 12-month
A1c and DEPS-R data were available and revealed a similar
association (r = 0.47, P = 0.05). In order to account for multiple
comparisons, a more vigorous P value of < 0.01 retained sig-
nificance only between zBMI and DEPS-R scores at each time
point. Nonetheless, in a general linear model controlling for
diabetes duration, sex, and baseline zBMI, change in DEPS-R
scores from baseline to 6 months predicted change in A1c
(P = 0.01); as DEPS-R scores decreased, A1c improved over
time following initiation of pump therapy.

Changing endorsement of DEPS-R items over time

At baseline, four of the 16 items were endorsed by ‡ 25% of
the participants (Fig. 1). At 1-month follow-up, only one item
was endorsed by ‡ 25% of participants, and at 6-month
follow-up, three items were endorsed by ‡ 25% of partici-
pants. Of the 16 items on the DEPS-R, only five were endorsed
more frequently from baseline to 1-month follow-up, and only

Table 1. Participant Characteristics at Baseline,

Hemoglobin A1c Values, and Diabetes-specific

Eating Problems Survey-Revised Scores Displayed

from Baseline, 1-Month, and 6-Month Assessments

Characteristic Value

Number of participants 37
Age (years) (mean – SD) 13.3 – 1.9
Sex (% female) 45%
Diabetes duration (years)

[median (25th – 75th percentiles)]
2.1 (1.2–6.3)

Race/ethnicity (% minority) 8%
Family structure (% married) 83%
Parent education (% college/

graduate degree)
56%

Blood glucose monitoring
(times/day) (mean – SD)

5.6 – 2.0

zBMI (SDS) (mean – SD) 0.7 – 0.9

Overweight/obese (%) ( ‡ 85th percentile)
Baseline 41%
1 month 44%
6 months 46%

A1c (mean – SD) [% (mmol/mol)]
Baseline 8.3 – 1.3 (68 – 14.5)
1 month 8.0 – 0.7 (64 – 7.8)
6 months 8.2 – 1.0 (66 – 10.9)

DEPS-R score [median (25th–75th percentiles)]
Baseline 8.0 (4.0–13.0)
1 month 5.0 (2.0–11.0)
6 months 6.0 (2.0–11.0)

A1c, hemoglobin A1c; DEPS-R, Diabetes-specific Eating Problems
Survey-Revised; SDS, SD score; zBMI, z-score for body mass index.

Table 2. Correlations with Diabetes-specific

Eating Problems Survey-Revised Scores

at Baseline, 1 Month, and 6 Months

DEPS-R score

Baseline 1 month 6 months

r P r P r P

Age 0.06 0.74 - 0.13 0.44 - 0.05 0.79
Diabetes

duration
0.35a 0.03a 0.18 0.29 0.38a 0.02a

zBMI
Baseline 0.51a 0.001a 0.54a 0.0004a 0.48a 0.003a

1 month 0.51a 0.001a 0.49a 0.002a

6 months 0.43a 0.007a

A1c
Baseline 0.23 0.17 0.40a 0.01a 0.25 0.13
1 month 0.34a 0.04a 0.03 0.86
6 months 0.38a 0.02a

aSignificant at the P £ 0.05 level.
A1c, hemoglobin A1c; DEPS-R, Diabetes-specific Eating Problems

Survey-Revised; zBMI, z-score for body mass index.
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three were endorsed more frequently from baseline to 6-
month follow-up.

Discussion

For patients with T1D, the transition from injection-based
insulin therapy to pump-based management provides an
opportunity for families to reassess their approaches to dia-
betes care and potentially to modify their eating behaviors. As
a result, the transition to insulin pump therapy may have an
impact on disordered eating behaviors, either as an oppor-
tunity to normalize eating behaviors consequent to re-
establishment of appetite and eating flexibility or with the
potential to intensify disordered eating behaviors because of a
renewed focus on diet in general and carbohydrate counting
in particular. This prospective study of disordered eating

behaviors used the diabetes-specific measure, the DEPS-R,
and followed patients from initiation of insulin pump therapy
through 6 months of follow-up. Our findings demonstrated a
decrease in diabetes-specific disordered eating behaviors by
1 month, with maintenance of the decrease over 6 months.

The improvement in disordered eating behaviors associ-
ated with initiation of pump therapy appears to derive from
greater flexibility in eating patterns afforded by pump ther-
apy, noted by less endorsement of DEPS-R items A–D (Fig. 1).
The reduction in disordered eating behaviors occurred de-
spite a greater focus by families on diabetes management,
likely with the goal of improving glycemic control, as noted
by greater endorsement of DEPS-R item G, ‘‘Other people tell
me to take better care of my diabetes.’’

Body mass index percentile was significantly associated
with DEPS-R score at all three assessment points, even using

FIG. 1. Frequency of Diabetes-specific Eating Problems Survey-Revised (DEPS-R) endorsed at baseline, 1 month, and 6
months after pump start.
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the rigorous P value of < 0.01, and participants who were
overweight or obese scored higher on the DEPS-R than those
who were normal weight. Similarly, previous research in
adolescent females with T1D has found that self-report of a
history of being overweight was significantly associated with
disordered eating behaviors using a general measure rather
than a diabetes-specific tool of disordered eating.12

Mean A1c did not change from baseline to 6 months, with
approximately one-third of participants each demonstrating
increases and decreases of 0.5% (5 mmol/mol). Although
previous research in this area varies, some studies have
suggested an improvement in A1c following insulin pump
initiation.13,14 This may reflect our small sample size, the
diversity of the sample, or potentially a need for longer fol-
low-up. It is interesting that a higher A1c level at both
baseline and 1 month was related to a higher DEPS-R score at
1 month; the 6-month A1c level was similarly associated
with the DEPS-R score at 6 months. All of these associations
between A1c level and DEPS-R score were modest to mod-
erate (r > 0.3), likely because of the small sample size.
Nonetheless, it does appear that there are interrelationships
between A1c and endorsement of disordered eating behav-
iors, supporting the clinical impression that youth with ele-
vated blood glucose levels may experience symptoms such
as out of control eating behaviors associated with disease
process, or that youth exhibiting disordered eating behaviors
are less concerned with glycemic control than with efforts at
weight control. Expansion of our prospective study will help
to elucidate these relationships.

Overall, our sample did not endorse high rates of diabetes-
specific disordered eating behaviors (i.e., did not score par-
ticularly high on the DEPS-R); across all three time points, five
participants endorsed increased risk for disordered eating
(DEPS-R score ‡ 20). One participant scored ‡ 20 at baseline,
1 month, and 6 months; the remainder endorsed risk at only
one time point (one at baseline, two at 1 month, and one at
6 months). Of the five participants endorsing risk, three were
female, and two were male. The majority of the items on the
DEPS-R were endorsed less frequently from baseline to the
1-month and 6-month follow-up assessments. Compared
with a previous11 sample of youth with T1D, 13–19 years old,
baseline DEPS-R scores in this sample were slightly lower
(median, 9.8 vs. 8.0), although the range was wider (range,
4.0–13.0 vs. 0–52.0). This may be due to the wider age range of
the current sample (10–17 years) and their shorter diabetes
duration compared with the earlier group. In addition, in the
current sample, there were fewer patients who scored in the
high-risk range (‡ 20) than in a previous sample (5% vs. 20%,
respectively). This may be due to the fact that participants in
the current sample were all initiating insulin pump therapy
and may have less pathology than a more general sample.

There are several limitations to our study. In particular,
our sample size is small, at times resulting in modest sig-
nificance levels. However, to our knowledge, this is the first
longitudinal, multicenter study to assess changes in disor-
dered eating behaviors using a diabetes-specific measure-
ment in youth with T1D. The DEPS-R is a clinically relevant
measure that accounts for diabetes treatment and diabetes-
specific disordered eating behaviors. We also did not use a
central A1c assay across all three study sites. However, all
A1c assays were standardized to the Diabetes Control and
Complications Trial reference range,15 and we conducted

within-person comparisons over time, for which avoidance
of variation in assays across sites would not be required.
Finally, longer-term follow-up of study participants would
be informative, tracking changes as pump therapy becomes
normalized for patients, supporting the need for additional,
larger studies.

In summary, our data indicate that youth with T1D of
longer duration and who have heavier body weights and
higher A1c levels appear to endorse more disordered eating
behaviors. Implementation of insulin pump therapy appears
to mitigate endorsement of disordered eating behaviors,
possibly because of the greater flexibility in eating behavior
and insulin administration afforded to patients by pump
therapy as well as a renewed focus on diabetes management.
Although T1D in general is associated with an increased
occurrence of disordered eating behaviors and eating disor-
ders,1–3 insulin pump therapy may normalize eating patterns,
in turn reducing risk for the development of eating disorders.
For families of youth with T1D, the transition to pump ther-
apy likely resensitizes families to the demands of diabetes
management and the need for attention to diet in a manner
similar to those experienced by families at the time of onset of
T1D in youth. Pump therapy offers greater flexibility for
lifestyle and eating behaviors and may help to normalize
appetite, especially if glycemic control is not poor. Future
prospective studies are needed, using diabetes-specific mea-
surement tools to assess disordered eating behaviors in youth
with T1D from onset of disease as well as from the transition
to insulin pump therapy. Long-term follow-up will help in the
understanding of the determinants of eating disorders in this
population and, subsequently, to inform the design of effec-
tive interventions aimed at prevention.
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