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Abstract

Background: Although an increasing amount of research has now established good psychometric properties and a
three-component factor structure of the Diabetes Eating Problem Survey — Revised (DEPS-R) in pediatric samples with
type 1 diabetes (T1D), research using adult samples has been limited and divergent. This study therefore aimed to
investigate psychometric properties and test a three-factor model of the DEPS-R among adults with T1D.

Methods: A total of 282 adults with T1D aged 18-79 years participated in the study. Measures included the DEPS-R,
the Eating Disorder Examination Questionnaire (EDE-Q), and clinical data from the Norwegian Quality Improvement of

Laboratory Examinations (NOKLUS) system.

Results: The DEPS-R total mean score (SD) for the total sample, males, and females were 13.8 (9.2), 11.2 (7.8), and 15.6
(9.6) respectively. Good fit indices for the confirmatory factor analysis were found. The Cronbach’s alpha of the DEPS-R
was .84, suggesting good internal consistency. The DEPS-R correlated significantly with the EDE-Q among both males
(52, p <.01) and females (68, p < .001). Also, the DEPS-R correlated significantly with BMI in both genders (.33, p <.001
in females and .35, p < .001 in males). HbA1c correlated significantly with the DEPS-R in females (27, p < .01), but not in

males.

Conclusions: Good fit for a three-factor structure of the DEPS-R was confirmed. Further, the DEPS-R demonstrated
good psychometric properties among adults with T1D, and can be recommended for clinical use for this patient

group.
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Plain English summary

An increasing amount of research has now established
good psychometric properties and a three-component fac-
tor structure of the DEPS-R in child and adolescent T1D
populations. However, research using adult samples has
been limited and divergent. As factor structure may yield
relevant clinical information which can guide further
treatment approaches, it is important to clarify this ana-
lysis. The current study therefore aimed to investigate
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psychometric properties and test a three-factor model of
the DEPS-R among 282 adults with T1D, aged 18-79
years. A confirmatory factor analysis supported the previ-
ously reported three factors of the DEPS-R (tapping into
maladaptive eating habits, preoccupation with thinness or
weight, and the concept of maintaining high blood glucose
values to lose weight) among an adult type 1 diabetes
population. Furthermore, this study reports good internal
consistency and adequate construct validity, as the
DEPS-R correlated significantly with the EDE-Q among
males and females. In conclusion, the previously reported
three factor structure of the DEPS-R was supported in the
current study. Further, the DEPS-R demonstrated overall
good psychometric properties among adults with T1D and
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can be recommended for clinical use for this patient
group.

Background
Disordered eating and eating disorders are commonly
reported in T1D, with a 2-3 fold increase in prevalence
of eating disorders compared to individuals without T1D
according to meta-analyses [1-3]. Disordered eating,
and especially behavior leading to incorrect insulin dos-
ing, is a major hindrance to optimal blood glucose con-
trol which is necessary to prevent severe late diabetes
complications, and increased mortality. Prevalence of
disordered eating varies largely across individual studies,
most likely due to assessment differences. Specifically,
generic eating disorder measures made for the general
population, including the Eating Attitudes Test (EAT)
[4], the SCOFF (acronym created from the letters of the
items, i.e. do you make yourself Sick because you feel un-
comfortably full; do you worry you have lost Control over
how much you eat; have you recently lost more than One
stone in a 3 month period; do you believe yourself to be
Fat when others say you are too thin; and would you say
that Food dominates your life) [5], and the Eating Dis-
order Examination — Questionnaire (EDE-Q) [6], have
been reported to vyield elevated prevalence estimates
among patients with T1D compared to diabetes-specific
tools [3]. This may be related to the dietary monitoring
naturally occurring as part of standard T1D treatment
being scored pathologically, implying a risk of false posi-
tives. Additionally, generic assessment tools do not ac-
count for intentional insulin under dosing or omission
to control weight, a diabetes-specific compensatory be-
havior reported in up to 37% of females with T1D [7-9]
and associated with a three-fold mortality rate [7]. As
such, diabetes-specific measures to assess disordered
eating are recommended in diabetes populations [3].
The Diabetes Eating Problem Survey - Revised
(DEPS-R) [10] was the first screening tool for disordered
eating designed specifically for diabetes and its psycho-
metric properties among children and adolescents have
been established in English [10], German [11], Turkish
[12], and Norwegian [13]. The Norwegian child and ado-
lescent study [13] also explored the factor structure of
the DEPS-R, yielding three factors tapping into maladap-
tive eating habits, preoccupation with thinness or
weight, and maintaining high blood glucose values to
lose weight. Although the psychometric properties (e.g.
internal consistency, construct validity, convergent valid-
ity, external validity, and criterion validity) are estab-
lished among children and adolescents, only two studies
have validated the DEPS-R in a T1D sample that in-
cluded adults [14, 15], confirming satisfactory psycho-
metric properties in terms of internal consistency
(Cronbach’s alpha typically reported at .80 and above)
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and construct validity. However, the two adult validation
studies are inconsistent in terms of factor structure. San-
canuto et al. [15] conducted an exploratory factor ana-
lysis in 112 adults with T1D, yielding five factors (eating
attitudes, bulimic behavior, weight control, avoidance,
and restriction). In contrast, Pinna et al. [14] conducted
a confirmatory factor analysis of the DEPS-R in a sample
of patients with insulin-treated diabetes (192 with T1D),
fully conforming to those reported among Norwegian
adolescents [13]. However, they used fit indices that have
since been revised to be more conservative, which might
not reflect the best fitting model. Recent research has
suggested that more conservative fit indices should be
used when using structural equation modelling (e.g. the
criteria for CFI has been changed from .9 to .95 for good
fit) [16]. Also, the sample was mixed between T1D and
type 2 diabetes, and between adolescents and adults.
The three-factor solution needs to be examined with a
T1D adult sample only. This is relevant not only for sci-
entific purposes, but also for clinicians when adopting
this measure with patients in their clinics. Finally, the
psychometric properties of the Norwegian version of the
DEPS-R among adults have not previously been
examined.

This study therefore aimed to investigate the psycho-
metric properties and factor structure of the DEPS-R
(Norwegian version) in adult males and females with
T1D. The study also has the largest sample to date of
the existing DEPS-R validation studies among adults,
and it is the first study among adults to validate the
DEPS-R against the EDE-Q.

Methods
Design
This is a cross-sectional design study.

Participants and procedure

Patients with T1D were recruited from the Norwegian
Diabetic Centre (NDC) between February 2016 and Oc-
tober 2017. The NDC is an outpatient clinic for adults
(approximately 1300) with T1D, located in Oslo. Patients
from Oslo and surrounding areas are referred to the
NDC by both general practitioners and hospitals. The
NDC is a multidisciplinary clinic organized under the
Norwegian Health South-East Authority. Questionnaires
were completed as part of a routine diabetes consult-
ation at the outpatient clinic. Data for this paper was
collected as part of a larger study, and the current sam-
ple is the same as reported in a previous article [17]: a
total of 282 males and females (60% females) aged 18—
79 years (mean age 42.1; SD: 15.2). Mean age of T1D on-
set was 15.1 years (SD: 11.2), mean HbAlc was 7.8% (62
mmol/mol) (SD: .9), mean T1D duration was 27.1 years
(SD: 14.4), and mean body mass index (BMI) was 26.0
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(SD: 4.1). A total of 56.3% administered insulin with an
insulin pen and 43.3% with a pump. Table 1 illustrates
patient characteristics. The regional ethics committee
approved the study, and written consent was obtained
from all participants.

Measures

The Diabetes Eating Problem Survey — Revised (DEPS-
R) [10] is a diabetes-specific screening tool for disor-
dered eating and consists of 16 items, derived from the
28-item Diabetes Eating Problem Survey (DEPS) [18].
Responses are scored on a 6-point Likert scale and
higher scores indicate greater eating disorder pathology.
The predetermined cut-off score for disordered eating is
empirically established at 20 or above [10], indicating in-
dividuals with a level of disordered eating warranting
further attention. The DEPS-R has been translated to
Norwegian and validated in an adolescent sample aged
11-19 years, demonstrating good psychometric proper-
ties [13]. The DEPS-R is typically completed in less than
10 min.

The Eating Disorder Examination Questionnaire
(EDE-Q) [6] is a self-report questionnaire of specific eat-
ing disorder psychopathology based on the Eating Dis-
order Examination (EDE) diagnostic interview [19]. It
consists of the four subscales eating restraint, eating con-
cern, shape concern, and weight concern. As the literature
provides mixed support for these subscales [20-22], the
present study reports the overall global score only [20].
The EDE-Q is previously translated and validated in
Norwegian males and females [23, 24]. Weight and
height are self-reported in the EDE-Q. BMI was calcu-
lated based on self-reported weight and height (kg/m?)
from the EDE-Q.

Clinical data was assessed via the Norwegian Quality
Improvement of Laboratory Examinations (NOKLUS)
system [25], and was conducted as part of standard clin-
ical assessment at the NDC. T1D clinical data include
HbAlc, T1D onset, and treatment mode. HbAlc is a

Table 1 Participant characteristics
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measure of long term blood glucose levels and reflects
average blood glucose the preceding 8—12 weeks. HbAlc
is used here as a measure of metabolic control. A rea-
sonable HbA1c target for many nonpregnant adults is <
7.0% (53 mmol/mol). The providers might reasonably
suggest a more stringent HbAlc goal such as 6.5% (48
mmol/mol) for selected individual patients if this can be
achieved without significant hypoglycemia or other ad-
verse effects of treatment [26].

Data analyses

Construct validity was investigated by means of Pearson
correlation to explore relationships between the DEPS-R
and EDE-Q total scores. Furthermore, correlation ana-
lyses were also carried out to investigate the association
between the DEPS-R and other constructs hypothesized
to covary with DEPS-R scores, such as age and BMI. In
line with Cohen [27], correlations of .10 to .29 were
interpreted as small, .30 to .49 as medium and .50 to 1.0
as large. Internal consistency was assessed by Cronbach’s
alpha coefficients. Independent samples t-tests were car-
ried out to investigate group differences. Alpha level was
set to p <.05. Effect sizes were calculated by means of
Cohen’s d. Following the guidelines by Cohen [27], effect
sizes > .2 were interpreted as small, > .5 as medium
and > .8 as large. The three-factor model described pre-
viously [13, 14] was tested using confirmatory factor
analysis with the maximum likelihood discrepancy
method. Additionally, a one-factor and a five-factor
model were tested. Fit indexes indicate a good fit when:
X2 (CMIN) is non-significant (p >.05); HOELTER.05 >
200; Standardized Root Mean Square Residual (SRMR)
<.08; Root Mean Square Error of Approximation
(RMSEA) < .05 (good fit) and .05 to .1 (moderate fit);
PCLOSE > .05; Comparative Fit Index (CFI)>.95 (good
fit), > .90 (traditional fit), > .8 (sometimes permissible)
[28]; Normed Fit Index (NFI)>.95; NNFI (TLI) >.991;
Akaike Information Criterion (AIC) (smaller values indi-
cate a better model fit) [12, 16, 28]. Six variables had

All Males Females Sig.
N =282 N=112 (40%) N =170 (60%) level
Age (years) 421 (15.2) 446 (15.9) 405 (14.5) 05
Diabetes onset (age) 15.1 (11.2) 154 (10.9) 149 (114) ns
HbATc 7.8% (62 mmol/mol) 7.6% (60 mmol/mol) 7.9% (63 mmol/mol) ns
9 (9) (9
Diabetes duration (years) 270 (144) 29.1 (14.8) 25.7 (14.1) ns
BMI 26.0 (4.1) 26.5 (3.8) 256 (4.3) ns
self-report
Mode of insulin treatment 56.3% pen 60.9% pen 53.4% pen

43.3% pump

38.0% pump 46.6% pump

Data are means (SD) and significance level. HbA1c is reported as % and millimoles per mole (mmol/mol). BMI is expressed in units of kg/m?
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missing values, all less than 5% missing, which were re-
placed with the median values given the variables assess
on an ordinal scale. Modification indexes were examined
to determine the co-variance between errors that im-
proved the model fit. Specifically, criteria for covariant
errors followed suggestions delineated by Kenny (e.g.
large modification indices > 15) [29]. Statistical analyses
were conducted using SPSS version 23 (SPSS IBM, NY,
USA) [30]. The confirmatory factor analysis was con-
ducted using IBM® SPSS® Amos™ 20.0.

Results

As shown in Fig. la, 1b, and 1lc, we compared a
one-factor, a three-factor, and a five-factor model. Given
the models were not nested, we cannot provide direct
comparisons (e.g. delta chi square), however as seen in Ta-
bles 2, 3 and 4 the three-factor model provided the most
good fit indices. The three factors (maladaptive eating
habits, preoccupation with thinness or weight, and main-
taining high blood glucose to lose weight) were further
correlated with HbAlc and the DEPS-R total score, with
significant associations between HbA1lc with the first (.24,
p <.001) and third factor (.14, p <.05). Factor 2 was not
significantly correlated with HbAlc (.10, ns). The DEPS-R
total score correlated significantly with all three factors,
with correlation coefficients of .91 (p <.001), .80 (p <.001),
and .50 (p <.001), respectively. The Cronbach’s alpha of
the DEPS-R was .84, suggesting good internal consistency.
When split by gender, the Cronbach’s alpha was .84 for fe-
males and .81 for males. Internal consistency was also
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explored for the three factors identified in the confirma-
tory factor analysis, yielding Cronbach’s alpha of .80 for
factor 1, .74 for factor 2, and .48 for factor 3. The Cron-
bach’s alpha of the EDE-Q global score for the total sam-
ple, males, and females, was .94, .92, and .94, respectively.
As described in Table 2, the DEPS-R correlated signifi-
cantly with the EDE-Q, with large correlations among
both males (.52, p <.01) and females (.68, p <.001). Also,
the DEPS-R correlated significantly with BMI in both gen-
ders, with medium-sized correlations of .33 (p <.001) in
females and .35 (p <.001) in males. Furthermore, HbAlc
was significantly (although small-sized) correlated with
the DEPS-R in females (.27, p <.01), but not in males. As
for descriptive data, and as previously reported [17], the
DEPS-R total mean score (SD) for the total sample, males,
and females were 13.83 (9.2), 11.18 (7.8), and 15.57 (9.6)
respectively.

Discussion

This study reported adequate internal consistency and
construct validity of the Norwegian translation of the
DEPS-R among adults with T1D. This is generally con-
sistent with existing literature on DEPS-R among chil-
dren and adolescents [10, 11, 13, 31] as well as the two
studies among adults with T1D [14, 15]. This was the
first study to establish construct validity with the
EDE-Q, a widely used and by many the preferred meas-
ure of specific eating disorder psychopathology. Signifi-
cant and large correlations (.52 (p <.01) in males and .68
(p <.001) in females) between the DEPS-R and EDE-Q

Fig. 1 a Confirmatory factor analysis of the three-factor model. CMIN = 158.55; DF = 91; p = 0.000; CMIN/df = 1.74; HOELTER.05 = 132; SRMR = 0.05;
RMSEA = 0.05; PCLOSE = 0.42; CFI =0.95; NFI = 0.884; TLI = 0.947; AIC = 244.55. b One-factor model (covaried errors with modification indices above
15). CMIN = 284.55; DF = 100; p = 0.000; CMIN/df = 2.84; HOELTER.05 = 123; SRMR = 0.087; RMSEA = 0.091; PCLOSE = 0.00; CFI = 0.825; NFI = 0.792;
TLI=0.822; AIC =365.79. ¢ Five-factor model (no modification indices above 15 thus no covaried errors). CMIN = 245.49; DF = 95; p = 0.000; CMIN/
df =2.697; HOELTER.05 = 132; SRMR = 0.06,RMSEA = 0.086; PCLOSE = 0.00; CFl=0.872; NFI=0.814; TLI = 0.832; AIC = 365.79
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Table 2 Description of various fit indices for the different factor models with and without covaried errors based on modification

indices larger than 15

1-Factor Model

3-Factor Model 5-factor Model®

Covaried errors No covaried errors

Covaried errors No covaried errors No covaried errors

CMIN 284.55 44763
df 100 104
p-value of CMIN 0.000 0.000
CMIN/df 2845° 4304°
SRMR 0.087 0817
RMSEA 0.091 .108
PCLOSE 0.000 0.000
CFl 0.825 0.724
T 0.822 0.682
NFI 0.792 0673
AlC 365.79 511631

15855 33064 24549
91 101 95
0.000 0.000 0.000
1741 ° 3271° 2584 °
0050 ° 00734 ° 079 °
0.050° 0080 ° 0086
0420° 0.000 0.000
095 © 088 0872
0947 ° 0785 0832
0884 0822 0814
24455 400364 365.79

?No data provided for the five-factor model with covaried errors because the five-factor model did not have any modification indices above 15

Pindicates good fit
Sindicates great fit

suggest good construct validity of the DEPS-R among
adults with T1D.

Furthermore, a confirmatory factor analysis supported
the previously reported three-factor solution describing
maladaptive eating, preoccupation with thinness, and
the concept of maintaining high blood glucose levels to
lose weight. This is in full concordance with our previ-
ous study among children and adolescents [13] and the
Italian study by Pinna et al. [14], however now con-
firmed in a purely T1D adult population. We acknow-
ledge that Sancunato et al. [15] in their exploratory
factor analysis of the DEPS-R identified five factors in
their Spanish adult validation study. However, one of
their factors had only one item loading on it, which is
not recommended for a confirmatory factor analysis
[26]. Although the existing one-factor structure is rec-
ommended in clinical practice for efficient screening for
disordered eating, a more detailed description of the fac-
tor structure is important to establish for descriptive
purposes, as well as to get a broader sense of the nature
of the eating disorder psychopathology and to tailor the
subsequent treatment to individual needs. For example,
a patient scoring higher on factor 3 (concept of

Table 3 Construct validity of the DEPS-R in males and females,
as indicated by the correlation between the DEPS-R total score
and EDE-Q global score, as well as with HbA1c, BMI, and age

maintaining high blood glucose values to lose weight)
may benefit from a different treatment approach than
patients scoring low on factor 3, but high on factor 1
(maladaptive eating) or 2 (preoccupation with thinness).
To further evaluate the reported three-factor solution,
the factors were correlated with the DEPS-R total score
and HbAlc. All three factors correlated relatively
strongly with the DEPS-R total score, with correlation
coefficients ranging from .50 to .91. With regard to
metabolic control, a construct previously reported to be
associated with eating disorder psychopathology and as-
sociated with the onset of serious late diabetes complica-
tions, factors one and three were significantly associated
with HbAlc, whereas factor 2 was not. These associa-
tions were generally similar to those of the Norwegian
pediatric sample, suggesting similar factor structure
across these age groups. Furthermore, factor one was
more strongly correlated with both the DEPS-R total
score and with HbAlc than factors two and three in
both studies, suggesting factor one to be most dominant
factor in the reported three-factor structure. Finally, fac-
tor three scored lower than factor one and two in terms
of both Cronbach’s alpha (.48 compared to .80 and .74)

Table 4 Correlations between the three DEPS-R factors and the
EDE-Q global score, HbATc, BMI, and age for the total sample
(males and females; N = 282)

All Males Females Factor 1 Factor 2 Factor 3
EDE-Q 67° 52° 68° EDEQ 5grnx 6745 438
HbATc 22° ns 27° HbATC 2400 ns a4
BMI 314 35° 33° BMI 18** 397 J9**
Age -27° ns -32° Age —30%** —14* ns

?=alpha level .001
b= alpha level .01; ns not significant

***=alpha level .001; **=alpha level .01; *=alpha level .05; ns not significant
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and correlation with the DEPS-R total score (.50 com-
pared to .91 and .80). This may be a reflection of factor
three having the fewest number of items loading on it,
but nevertheless may suggest that the scientific support
for factor one and two is stronger, which should be
noted when interpreting results from factor three.

DEPS-R mean scores and standard deviations were re-
ported for the total sample, males, and females in the
present study, yielding scores of 13.8 (9.2), 11.2 (7.8), and
15.6 (9.6), respectively. Such descriptive data have also
been reported in previous DEPS-R validation studies in
adults. Sancanuto et al. [15] reported mean scores of 6.8
(SD 6.6) for males and 16.5 (SD 7.7) for females, whereas
Pinna et al. [14] reported a median score of 12 in the total
population, 10 in males and 14 in females. These adult
mean scores are generally comparable to those of pediatric
and adolescent samples [10, 11, 13, 31]. Thus, mean scores
in females are generally comparable across studies, with
more variation among males. The observed gender differ-
ences in levels of eating disorder psychopathology across
all DEPS-R studies are consistent with existing literature,
both in diabetes [3, 9, 32] and non-diabetes samples [33].
In fact, it has been suggested that eating disorder mea-
sures may represent a gender bias since they are devel-
oped and validated within female samples [34]. Whereas
the eating disorder psychopathology among females is
typically characterized by pursue of the thin body ideal,
males may be more concerned with muscularity [35, 36].

The current study has the largest sample to date of the
existing DEPS-R validation studies among adults, which
represents a strength of the study. Also, it is the first
study among adults to validate the DEPS-R against the
EDE-Q, derived from the EDE diagnostic interview, and
by many described as the preferred measure of specific
eating disorder psychopathology. Finally, the inclusion of
males and older adults represents strengths of the
current study as many previous studies include young
females only. However, the study is limited by its
cross-sectional design and is lacking a test-retest reliabil-
ity assessment. Furthermore, although this is the largest
sample among the DEPS-R adult validation studies, the
sample size is still modest. Data is collected from one
clinic only, thus we cannot be certain about the
generalizability of the findings. Finally, we did not in-
clude a clinical interview which could have provided
diagnostic information. Future studies should aim to val-
idate the DEPS-R against a diagnostic interview con-
ducted by a professional.

Conclusions

A valid screening tool for disordered eating is potentially
an important addition to clinical practice. Given the fre-
quency and severity of comorbid T1D and disordered
eating, early detection and subsequent intervention is
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crucial to minimize the risk of serious diabetes compli-
cations. The short time required to complete, score, and
interpret the instrument is crucial in a busy clinical set-
ting with little available time. In conclusion, the Norwe-
gian translation of the DEPS-R has adequate
psychometric properties and can be recommended for
clinical use, both in adolescent and adult populations
(11 years and above).
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