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Abstract
Aims—Increased body weight and disordered eating attitudes/behaviours are common in adolescent
girls with Type 1 diabetes (T1D). Disordered eating increases risks for diabetes-related
complications. This study aimed to identify a rapid screening approach for disordered eating attitudes
and behaviours in adolescent girls with T1D and to examine the relationship between disordered
eating and body weight in this population.

Methods—Ninety adolescent girls, aged 12–19 years, provided a self-assessment of weight status.
Participants also completed questionnaires to assess attitudes/behaviours toward food and eating,
appetitive responsiveness to the food environment, disinhibition in eating and weight history.

Results—Forty-three per cent of participants reported a history of overweight. Compared with
participants who reported never being overweight, those who reported ever being overweight were
significantly older, scored significantly higher on all measures of disordered eating attitudes/
behaviours (P ≤ 0.009) and were 4.8 times more likely to be currently overweight or obese (P <
0.001). Glycated haemoglobin (HbA1c) was similar between those who did and did not report ever
being overweight.

Conclusions—Because of the ill-health effects of disordered eating and the higher rate of
overweight in adolescent girls with T1D, effective screening tools are warranted. The single question
‘Have you ever been overweight?’ may be sufficient as a first question to screen for those at high
risk for disordered eating attitudes/behaviours and to provide early intervention and prevention.
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Introduction
Clinical and sub-threshold disordered eating behaviours such as binge eating and eating
disorder not otherwise specified (EDNOS) (but not anorexia nervosa) are more common in
adolescent girls with Type 1 diabetes (T1D) than age-matched controls [1–3]. In addition,
young people with T1D are heavier than their non-diabetic counterparts [4–7]. Both co-morbid
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disordered eating (sub-threshold as well as clinical) and elevated body mass index (BMI) can
have a negative influence on the management of T1D [1,2,8,9].

Adolescent females with co-morbid diabetes and eating disorders have significantly higher
glycated haemoglobin (HbA1c) compared with those without eating disorders [2]. A meta-
analysis [1] found that the risk of developing retinopathy is higher in those with co-morbid
T1D and an eating disorder than in those with only T1D. In addition, those who suffer from
co-morbid T1D and anorexia nervosa are at a greater risk for death than those with either only
T1D or only anorexia nervosa [8].

For individuals with T1D, insulin restriction is a unique disordered eating behaviour that is
used to induce weight loss. While the percentage of females with T1D who admit to insulin
restriction varies, on average it is approximately 30% [6,10–12]. A recently published
retrospective follow-up study found that self-reported insulin restriction at baseline resulted in
a 3.2-fold increased risk of death during the 11-year study [13].

Because disordered eating can be detrimental to both short-and long-term health for persons
with T1D, it is important to identify clinical and sub-threshold disordered eating behaviours
in this population. A recent prospective study examined predictors of disordered eating
behaviours in adolescent females with T1D [14]. Over 5 years of follow-up, almost half (45%)
of the 101 teenagers developed disordered eating behaviours. The investigators identified
concern about weight and shape, measures of physical appearance and self-worth, and
depression as significant predictors of disordered eating. Scores on eating concern and social
acceptance scales were not significant predictors of the development of disordered eating
behaviours.

The current study aimed to identify a rapid screening approach to the detection of disordered
eating behaviours in adolescent females with T1D. We examined a number of measures of
disordered eating attitudes and behaviours in a diverse sample of adolescent girls with T1D in
order to begin to determine how best to identify those at risk for disordered eating.

Patients and methods
Participants

Participants were adolescent females with T1D who were attending a paediatric diabetes clinic
or one of three summer camps for children and adolescents with diabetes. Inclusion criteria
were: female gender, diagnosis of T1D, ages 12–19 years (inclusive) and willingness to provide
survey responses.

Eligible clinic patients were approached during an 8-month period and camp participants were
recruited during the summer of that same year. Of those approached, approximately 10% of
eligible participants declined in both the clinic and camp settings. No data were available on
those who declined participation. The Institutional Review Board approved all study
procedures and each participating summer camp reviewed and approved the protocol.
Participating adolescents and parents provided written informed assent/consent.

Measures
Demographics Questionnaire—In the Demographics Questionnaire, participants
provided information on age, ethnicity, age at onset of T1D, treatment regimen and weight
history.

Weight and BMI—Height and weight data were collected from the measurements recorded
in the medical records of clinic patients. Self-reported height and weight were collected from

Markowitz et al. Page 2

Diabet Med. Author manuscript; available in PMC 2010 March 17.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



both clinic and camp participants. Because of the inability to measure these variables in the
camp setting, only self-reported height and weight data were available from camp participants.
Self-reported height and weight data from camp participants correlated with their parent-
reported data of the teenagers’ height and weight (r = 0.78, P < 0.0001; r = 0.97, P < 0.0001,
respectively). BMI (kg/m2) and zBMI (age- and gender-adjusted BMI) were calculated for
each participant [15]. Self-reported BMI data from the clinic participants correlated strongly
with the measured data (r = 0.96, P < 0.0001).

Surveys of eating attitudes and behaviours—Participants completed three surveys
regarding their eating attitudes and behaviours.

Eating Disorder Examination—Questionnaire (EDE-Q) [16]—The EDE-Q is a self-
report version of the Eating Disorder Examination interview [17]. The 32-item EDE-Q
provides a global scale and four subscales: Restraint, Shape Concern, Weight Concern and
Eating Concern. The global scale and four subscales have demonstrated excellent internal
consistency, as previously published (Cronbach’s α = 0.78–0.93) [18,19].

Three-Factor Eating Questionnaire Cognitive Restraint (TFEQ-CR) and
Disinhibition (TFEQ-D) subscales [20]—The TFEQ is a self-report questionnaire that
assesses three factors of eating behaviours. Participants completed two subscales regarding
cognitive restraint (TFEQ-CR) and disinhibition (TFEQ-D). The 21-item TFEQ-CR subscale
measures conscious attempts to restrict food intake. In a previous study, girls who scored higher
on this subscale had lower energy intake than those who scored lower [21]. In addition, women
who had high scores on this subscale reported lower total calorie intake and less frequent
consumption of sweets than women who had lower scores [22]. The 16-item TFEQ-D subscale
measures the disregulation of eating in response to external and internal cues. This subscale
has been shown to be positively correlated with stress and poor glycaemic control in young
women (ages 12–26 years) with T1D [23]. In addition, the TFEQ-D subscale was shown to
predict binge eating in patients without diabetes who participated in a behavioural weight-loss
programme [24]. Both subscales of the TFEQ have demonstrated excellent internal
consistency, as previously published (Cronbach’s α = 0.80–0.91) [20,25].

Power of Food Scale (PFS) [26]—The PFS is a 21-item self-report measure that assesses
psychological reactions to the food environment and individual differences in the rewarding
properties of food. The PFS has excellent internal consistency, as previously published
(Cronbach’s α = 0.93) [26].

Glycaemic control—For clinic participants, HbA1c was determined in a Diabetes Control
and Complications Trial (DCCT) standardized assay (reference range 4.0–6.0%). For camp
participants, parents reported the young participants’ most recent HbA1c (date and assay
unavailable).

Statistical analysis
Analyses were performed using SAS (v9.2 for Windows; SAS Institute, Inc., Cary, NC, USA).
All data are presented as mean ± sd or % as indicated. Statistics included unpaired t-tests and
χ2-test analyses. Both Pearson and Spearman correlations were used depending on the
variables’ distribution. A P-value < 0.05 conveyed statistical significance.

Results
Ninety-five participants (26 clinic, 69 camp) signed the assent/consent forms and 90 completed
the questionnaires (26 clinic, 64 camp). The uncompleted questionnaires by camp participants
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reflected the fast pace of opening day at summer camp rather than study dropout. Participants
represented a range of ethnic and racial backgrounds, with 80% Caucasian, 13% African-
American, 4% Hispanic or Latino and 2% more than one race. Age ranged from 12 to 19 years
(mean 14.3 ± 2.0), diabetes duration ranged from 0.3 to 15 years (mean 6.4 ± 4.0) and zBMI
ranged from −1.2 to 2.2 (mean 0.9 ± 0.7). HbA1c ranged from 5.5 to 15.7% (mean8.6 ± 1.9%).
Fifty participants (56%) were treated with insulin pump therapy and 40 (44%) were treated
with injection therapy (3.3 ± 1.2 injections/day). Demographic variables were compared
between clinic and camp participants (Table 1). Of note, camp participants were more likely
to be Caucasian (P = 0.0001), use insulin pump therapy (P < 0.0001) and have lower HbA1c
(P = 0.03) than clinic participants. However, the two groups did not differ in age, duration of
T1D, zBMI or self-reported history of overweight (Table 1). Overall, 43% of the participants
reported ever being overweight.

Surveys of eating attitudes and behaviours
There were no significant differences in survey responses between clinic and camp participants.
Therefore, we grouped participants from clinic and camps together and divided the entire
sample into two groups: those reporting ever being overweight (n = 39,43%) and those
reporting never being overweight (n = 51, 57%). A number of variables were compared
between these two groups. There were no differences between the two groups in duration of
T1D, HbA1c or treatment regimen. Those who reported ever being overweight were
significantly older than those who reported never being overweight. In addition, those who
reported ever being overweight had a significantly higher zBMI (1.3 ± 0.6) than those who
reported never being overweight (0.6 ± 0.6). Those who reported ever being overweight
endorsed significantly more disordered eating behaviours, as evidenced by higher scores on
the EDE-Q, PFS, TFEQ-CR, and TFEQ-D (Table 2).

We examined the prevalence of clinically significant disordered eating using the previously
reported cutoff score of ≥ 4 on the subscales and global scale of the EDE-Q [27,28]. Twenty
per cent of our sample scored within the clinical range (≥ 4) on at least one subscale of the
EDE-Q. A greater percentage of the study sample (7.8%) scored within the clinical range on
the global scale than did a normative sample (5.6%) [29]. While this difference was not
statistically significant, it may be clinically meaningful. In addition, on the Shape Concern,
Weight Concern and Eating Concern subscales, at least 50% more of the study sample scored
within the clinical range as compared with a normative sample [29]. Adolescents who reported
ever being overweight were eight times more likely to score within the clinical range on at
least one subscale of the EDE-Q compared with those who reported never being overweight
(χ2 = 14.7, d.f. = 1, P = 0.0001).

The association between self-report of ever being overweight and current weight status by
zBMI was examined (Fig. 1). There were an excess of participants in the highest zBMI category
(zBMI > 1.0) who reported ever being overweight, with a deficiency of participants in the
lowest zBMI category (zBMI < 0.5) who reported ever being overweight.

We examined the sensitivity, specificity, positive predictive value and negative predictive
value of the question ‘Have you ever been overweight?’ to predict elevated EDE-Q subscale
scores within the clinical range. Sensitivity refers to ‘the probability of a positive test result
given that the individual tested actually has the disease’, while specificity refers to ‘the
probability that the test result is negative given that the individual tested does not have the
disease’ [30]. Positive predictive value is ‘the probability of disease given a positive test result’,
while negative predictive value is ‘the probability of no disease given a negative test
result’ [30].
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The question ‘Have you ever been overweight?’ had 83% sensitivity and 67% specificity to
predict EDE-Q scores within the clinical range. It had 38% positive predictive value and 94%
negative predictive value. We then examined the sensitivity, specificity, positive predictive
value and negative predictive value of zBMI in its prediction of clinical-range scores on the
EDE-Q. zBMI had 61% sensitivity and 58% specificity to predict EDE-Q scores within the
clinical range. It had 27% positive predictive value and 86% negative predictive value.
Therefore, it appears that the question ‘Have you ever been overweight?’ is a more sensitive
screening tool for disordered eating than zBMI.

Discussion
Disordered eating behaviours carry particular significance in persons with T1D, increasing the
risk of poorly controlled diabetes, both short- and long-term complications, and premature
mortality [1,2,8,13]. While the current study did not assess the rate of disordered eating in
adolescent females with T1D, we identified significant differences in eating attitudes and
behaviours consistent with disordered eating according to whether young people reported being
‘ever overweight’ or ‘never overweight’. Adolescent females who reported ever being
overweight were significantly older and heavier than those who reported never being over
weight. In addition, those who reported ever being overweight endorsed more disordered eating
attitudes and behaviours. The female adolescents who reported ever being overweight were
4.8 times (P < 0.001) more likely to be overweight or obese (zBMI > 1.0), while those who
reported never being overweight were 15.2 times (P < 0.0001) more likely to be of normal
weight (zBMI < 0.5). Furthermore, the question ‘Have you ever been overweight?’ displayed
83% sensitivity and 67% specificity to predict scores within the clinical range on at least one
EDE-Q subscale, and the predictive value for the question ‘Have you ever been overweight?’
was higher than that of zBMI.

Because disordered eating in the setting of T1D is a significant and potentially life-threatening
condition, an opportunity to easily screen for disordered eating in a paediatric population
appears warranted. This single question provides greater sensitivity than specificity in its ability
to screen for possible disordered eating. When screening for a disorder that has potential
increased risks for morbidity and mortality, one would prefer greater sensitivity in exchange
for less specificity.

A large proportion of this diverse group of adolescent females with varying durations of T1D
was overweight or obese, with 46% reporting a zBMI of > 1.0. Similarly, 43% of participants
identified themselves as having a history of overweight. Among the 39 participants reporting
ever being overweight, only two had a self-reported zBMI < 0.6. Because the questionnaire
did not ask about changes in weight, these participants may have recently lost weight, or they
may see themselves as heavier than they are. Interestingly, of the 51 participants who reported
never being overweight, 15 had self-reported zBMIs > 1.0. This suggests that some adolescents
do not have a realistic view of their body weight.

Previous studies have reported elevated HbA1c in patients with disordered eating [2]. Although
not statistically significant, those who reported ever being overweight had a higher HbA1c (8.8
± 2.1%) than those who reported never being overweight (8.4 ± 1.7%). The lack of statistical
significance may have reflected the small sample size. Future studies need to reassess this issue.

Because many of the measures used in this studywere assessing similar constructs (i.e.,
disordered eating attitudes and behaviours), many measures were highly correlated (r = 0.45–
0.67). Interestingly, the single self-reported question ‘Have you ever been overweight?’ was
significantly able to identify female adolescents more likely to endorse disordered eating
attitudes and behaviours. This was demonstrated by the universally higher scores of
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participants who reported ever being overweight (vs. never overweight) on all measures of
disordered eating attitudes and behaviours and disinhibition in eating. The majority of this
population appears to be aware of their current body weight, which may have positive
implications for interventions. Furthermore, when survey responses were examined by zBMI
group (< 0.5, 0.5–1.0, > 1.0), the only significant difference between groups on disordered
eating attitudes and behaviours was on the EDE-Q. This analysis displayed the expected
positive association between zBMI and disordered eating (F(2, 87) = 3.57, P = 0.03). However,
because the EDE-Q is a generalized measure of disordered eating, it may be overly sensitive
to disordered eating in individuals with T1D. Because of this, some studies have modified
existing measures of disordered eating to ensure that they are targeting true disordered eating
behaviours and not just behaviours necessary for the treatment of T1D [6].

The major limitation of this study is its reliance on self-reported height, weight and HbA1c for
the majority of the sample. However, the mean sample HbA1c is similar to that reported in the
literature [31,32], indicating that the self-report values were likely to be accurate. While we
were unable to examine exact rates of disordered eating in this sample, we were able to identify
that 20% scored within the clinical range on at least one subscale of the EDE-Q, which is
consistent with the current body of literature, which reports that 8–45% of adolescent females
with T1D endorse disordered eating [3,13,14,33].

While those who attend diabetes camp may be a self-selected sample of young people compared
with a clinic-based sample, we found no differences on reported measures of disordered eating
attitudes and behaviours between these two groups. However, the rate of pump use at camp
was high, leading to a high proportion of our population using pump therapy and suggesting
possible differences between clinic and camp participants. Future studies assessing young
people with T1D could be more encompassing rather than self-selected to avoid bias. We are
unable to report on those participants who did not choose to participate or were not recruited.

Because of the cross-sectional nature of the current study, including clinic and camp
participants, the generalizability of the study is increased. Despite the limitations of self-report,
we found significant differences between those who reported ever being overweight with those
who reported never being overweight. In a recent paper [34], 39% of females with T1D, ages
10–21 years, perceived themselves as being overweight and approximately 50% reported ever
trying to lose weight. In this same study sample, 37% of participants met criteria for being
overweight or obese based on BMI percentile categories from measurements taken at a study
visit. This indicates that self-perception of overweight may be just as good as an objective
measure.

A report from Pittsburgh [35] examined the increasing prevalence of overweight in young
people newly diagnosed with T1D and found significant increases between the 1980s and the
1990s. In females, the rate of overweight at diagnosis rose from 8.5 to 36.4% [35]. It is not
unusual for young people to have lost weight at the time of diagnosis of T1D, suggesting that
overweight and obesity are even more prevalent among adolescents with T1D; this is supported
by our sample and that studied by Lawrence et al. [34]. It is likely that, since the Pittsburgh
study, rates of overweight at diagnosis of T1D have continued to rise. A recent study reported
that by 10–20 weeks after T1D diagnosis, almost one-third of participants were overweight or
obese, regardless of weight status at diagnosis [36]. Given our observation that participants in
the current study who reported ever being overweight were significantly heavier and endorsed
more disordered eating attitudes and behaviours, one might consider screening and early
intervention for young people who report ever being overweight or who are currently
overweight and may be at risk for disordered eating. In addition, because the treatment of T1D
necessitates greater than usual emphasis on food, eating patterns and dietary intake, adolescent
females with T1D have more risk factors than those without T1D [2,37].
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Because of the potential detrimental effects of disordered eating in adolescent girls with T1D,
it is important to have routine clinic screening for this problem. An effective screening tool
should be short and should capture the possibility of disordered eating. The one question, ‘Have
you ever been overweight?’ may be a good starting point for a screening tool. This question
demonstrated 83% sensitivity and 94% negative predictive value. Not only do adolescent girls
who answer positively on this question display more disordered eating attitudes and
behaviours, but it is such a seemingly innocuous question that girls may be inclined to answer
it honestly (as opposed to a question about insulin restriction, for example). Future studies
should focus on the development and utility of short screening tools for disordered eating in
this population as well as the development of preventative interventions.
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FIGURE 1.
Percentage of participants self-reporting ‘ever being overweight’ and ‘never being overweight’
by current zBMI category: zBMI < 0.5 ( ); 0.5–1.0 ( ); > 1.0 (■). χ2

(2) = 19.5, P < 0.0001.

Markowitz et al. Page 10

Diabet Med. Author manuscript; available in PMC 2010 March 17.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Markowitz et al. Page 11

Table 1

Participant characteristics by study site

All participants (n = 90) Clinic participants (n = 26) Camp participants (n = 64)

Age (years) 14.3 ± 2.0 14.8 ± 2.2 14.1 ± 1.9

Ethnicity (% minority) 20% 50% 8%†

T1D duration (years) 6.4 ± 4.0 5.9 ± 4.3 6.6 ± 3.8

BMI (kg/m2) 23.5 ± 3.9 24.8 ± 4.6 22.9 ± 3.5

zBMI 0.9 ± 0.7 1.0 ± 0.8 0.8 ± 0.7

HbA1c (%) 8.6 ± 1.9 9.4 ± 2.5 8.2 ± 1.4*

Regimen (% pump) 56% 15% 72%†

Ever overweight (%) 43% 42% 44%

Values are mean ± sd or %.

*
P < 0.05, clinic vs. camp participants;

†
P < 0.01, clinic vs. camp participants.

BMI, body mass index; HbA1c, glycated haemoglobin; sd, standard deviation; T1D, Type 1 diabetes; zBMI, age- and gender-adjusted BMI.

Diabet Med. Author manuscript; available in PMC 2010 March 17.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Markowitz et al. Page 12

Table 2

Participant characteristics and survey scores by self-reported weight history (ever vs. never overweight)

Ever overweight (n = 39) Never overweight (n = 51) P value

Age (years) 14.8 ± 2.0 13.9 ± 2.0 0.04

T1D duration (years) 6.9 ± 4.3 6.0 ± 3.7 0.33

zBMI 1.3 ± 0.6 0.6 ± 0.6 < 0.0001

HbA1c (%) 8.8 ± 2.1 8.4 ± 1.7 0.26

Regimen (% pump) 51% 59% 0.48

Measures of disordered eating attitudes and behaviours

 EDE-Q 2.2 ± 1.6 0.7 ± 0.9 < 0.0001

 PFS 45.1 ± 17.3 34.6 ± 12.9 0.003

 TFEQ-CR 9.0 ± 5.0 6.4 ± 3.7 0.009

Measure of disinhibition in eating

 TFEQ-D 7.1 ± 3.9 4.4 ± 3.0 0.0008

EDE-Q, Eating Disorder Examination—Questionnaire; HbA1c, glycated haemoglobin; PFS, Power of Food Scale; T1D, Type 1 diabetes; TFEQ-CR,
Three-Factor Eating Questionnaire Cognitive Restraint subscale; TFEQ-D, Three-Factor Eating Questionnaire Disinhibition subscale; zBMI, age-
and gender-adjusted body mass index.
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