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Abstract

Background

This study analyzed the prevalence of and association between symptoms of eating disor-

ders and depression in female and male emerging adults with early-onset, long-duration

type 1 diabetes and investigated how these symptoms are associated with metabolic

control.

Methods

In a nationwide population-based survey, 211 type 1 diabetes patients aged 18-21 years

completed standardized questionnaires, including the SCOFF questionnaire for eating dis-

order symptoms and the Patient Health Questionnaire (PHQ-9) for symptoms of depression

and severity of depressive symptoms (PHQ-9 score). Multiple linear and logistic regression

models were used to analyze the association between eating disorder and depressive

symptoms and their associations with HbA1c.

Results

A total of 30.2% of the women and 9.5% of the men were screening positive for eating disor-

ders. The mean PHQ-9 score (standard deviation) was 5.3 (4.4) among women and 3.9

(3.6) among men. Screening positive for an eating disorder was associated with more

severe depressive symptoms among women (βwomen 3.8, p<0.001). However, neither eat-

ing disorder symptoms nor severity of depressive symptoms were associated with HbA1c

among women, while HbA1c increased with the severity of depressive symptoms among

men (βmen 0.14, p=0.006).
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Conclusions

Because of the high prevalence of eating disorder and depressive symptoms, their interrela-

tionship, and their associations with metabolic control, particularly among men, regular

mental health screening is recommended for young adults with type 1 diabetes.

Introduction
Everyday challenges for patients with childhood-onset type 1 diabetes mellitus (T1D) include
the regular monitoring of blood glucose; the balancing of insulin administration, food intake
and physical activity; and the fear of acute and late diabetes-related complications. From an
early age, these patients are at a higher risk of depression and eating disorders than their peers
without diabetes [1].

The prevalence of depression in patients with T1D is rapidly increasing, and diabetes and
depression are predicted to become the most common health problems in the 21st century [2].
However, data regarding the prevalence of depression in people with T1D remain scarce. In a
systematic review summarizing the results of studies and review articles published between
2006 and 2011, only two articles focused on the prevalence of depression in people with T1D
[3]. One study was a meta-analysis estimating the prevalence of clinical depression among
adults with T1D between 2000 and 2004. People with T1D were four times more likely to have
clinical depression than people without T1D (pooled prevalence 12.0% vs. 3.2%) [4]. Analyzing
studies without a control group, the pooled prevalence was 13.4%. The other study reported
that 32.1% of the adults with T1D (women: 37.9%, men: 25.5%) were screening positive for
depression (Beck Depression Inventory II) or used antidepressants compared with 16.0% of
the adults without T1D (women: 20.5%, men: 11.6%) [5]. In another study using the same
screening tool, the prevalence of adolescents and young adults (age 11–25 years) with T1D
screening positive for depression was analyzed. Here, 11.3% of the participants screened posi-
tive for depression, however, the sample size was small (150 participants) and the age range
wide [6].

Many previous studies have shown higher HbA1c levels in T1D patients with depressive
symptoms [6–10], whereas a few studies have been inconclusive [11–13] or have found no
such association [14,15]. Recently, we reported that, while the prevalence of depressive symp-
toms was higher among young adult women with T1D than among men, the association
between single depressive symptoms and metabolic control was stronger among men [16].
However, gender-specific analyses have been rarely performed. The coexistence of diabetes and
depression has been found to increase mortality in T1D women [17] and diabetes-associated
complications [9,18,19].

In addition, diabetes therapy and changes in body weight during puberty, which are more
pronounced in T1D patients than in their healthy peers [20], increase the risk of persistent eat-
ing problems (both disordered eating behavior [DEB] and eating disorders [EDs]) [21].
According to a systematic review with a meta-analysis summarizing the results of eight studies
published between 1999 and 2011, both DEB and EDs were more prevalent in children, adoles-
cents and young adults with T1D than in peers (DEB: 39.3% vs. 32.5%, EDs: 7.0% vs. 2.8%)
[22]. In Germany, screening prevalences of EDs in 11- to 17-year-old adolescents with early-
onset T1D and at least ten years of diabetes duration were 31.2% for girls and 11.7% for boys
compared with 28.9% for girls and 15.2% for boys from the general population [23]. Thus, the
previously reported female preponderance for ED symptoms in the general population [24,25]
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was also observed among adolescents with T1D. However, results relating to the prevalence of
ED symptoms among male patients with T1D are rare.

ED screening is only the first step in ED diagnosis and should be followed by in-depth
examination in clinical practice. The prevalence of a clinical diagnosis of EDs has recently been
published based on the data on 52,215 8- to 29-year-old patients with T1D from Germany and
Austria [26]. The ED prevalence documented in the participants’medical data was 0.9% and
thus much lower than the screening results. However, because of potential underreporting in
the database, the real prevalence of clinically manifest EDs may be higher.

Once established, eating problems are frequently associated with poor metabolic control.
Summarizing the results from eleven empirical studies, Young et al. observed a significant asso-
ciation between eating problems and metabolic control (Cohen’s d = 0.40) in adolescents
which was more pronounced after restricting the analysis to studies using diabetes-adapted
measures (d = 0.52) [22]. Current or previous eating problems in female adolescents and
young adults increased the odds (by 4.8 to 9.6) of having at least two serious diabetes complica-
tions (laser-treated retinopathy, preproliferative retinopathy, peripheral nephropathy, auto-
nomic neuropathy, proteinuria, or renal failure) at follow-up after 8 to 12 years and have been
associated with high mortality [27].

Although symptoms of depression and EDs are common in young patients with T1D, their
interrelationship and effect on metabolic control remain largely unexplored [1]. Eating prob-
lems may directly or indirectly impair metabolic control by inducing depressive disorders.
Only one recent study analyzed the association between depressive symptoms, DEB and meta-
bolic control in teenage girls (baseline age 9–14 years, follow-up after 5 years) [1]. Depressive
symptoms and DEB were found frequently in this patient group and often co-occurred. At fol-
low-up, the prevalence of current depressive symptoms was 12.2%. Almost half of the partici-
pants (49.0%) screened positive for DEB and 13.3% were categorized as having subthreshold or
full EDs. A total of 69.2% of the girls who screened positive for DEB reported depressive symp-
toms, and 75.0% of the girls with depressive symptoms also screened positive for DEB. Adjust-
ing for the baseline symptoms of depression and EDs, the authors found that diabetes duration
and body mass index (BMI), eating status and depression status at follow-up were significantly
associated with metabolic outcomes (R2 = 0.100, p = 0.01). The association between depressive
symptoms, eating problems and metabolic control in male patients and young adults who may
be particularly challenged by age-related changes in living conditions has not been examined
to date.

Although young people aged 18 and older are considered adults, the mental development of
young adults is not complete until many years later in industrialized and post-industrialized
countries [28–30]. The developmental stage between 18 and 30 years is often termed “emerging
adulthood” and is characterized by frequent changes in residency, exciting experiences, new
freedoms and wide-open possibilities as well as uncertainty, setbacks, confusion, and new fears
[29]. While young people adopt adult roles and cope with educational, economic and social
challenges, they are increasingly responsible for the many facets of appropriate diabetes care
[28]. Additionally, the transition to adulthood is associated with a transition from pediatric to
adult diabetes care, which introduces challenging diabetes management. As shown in a sub-
sample of 185 participants from the SEARCH for Diabetes in Youth Study, the odds for poor
diabetes control (i.e., HbA1c�9% [corresponding to�75 mmol/mol]) increased 2.46-fold for
people who left pediatric diabetes care [31]. Achieving and maintaining good metabolic control
at a young age, however, is fundamental for the prevention or delay of the onset of diabetic
complications, as demonstrated by the results of the Diabetes Control and Complication Trial
(DCCT) and the Epidemiology of Diabetes Interventions and Complications (EDIC) Study
[32–37]. Suboptimal metabolic control during adolescence and young adulthood has been
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attributed to physiological [38], social [4], and individual factors such as poor adherence to
treatment and psychological comorbidities (e.g., EDs and depression) [11,39]. Many studies
have examined the effects of diabetes on adolescents’mental health, but few studies have
reported on these effects on young adults’mental health [30].

Although the incidence of early-onset T1D has been increasing in recent decades [40], its
physiological and psychological consequences in young female and male adults are largely
unknown. There are two contradictory hypotheses: (1) Young adults with early-onset diabetes
are better adjusted to the demands of diabetes and thus have fewer mental health problems
than patients with later disease onset and briefer duration; and (2) young adults with early-
onset diabetes are at an increased risk for diabetes complications [41] and are therefore particu-
larly vulnerable to mental health problems. The postulated vicious circle between psychiatric
and diabetes-related health problems [28] and the high persistence of psychiatric problems
[14] reveal the relevance of this research issue.

Therefore, the aim of this study was (1) to analyze the prevalence of EDs and (2) its associa-
tion with depressive symptoms in a well-defined group of young adults with early-onset,
intensely treated T1D of a long duration and (3) to estimate the associations between symp-
toms of EDs, depressive symptoms and metabolic control. We hypothesized that (1) symptoms
of EDs and depressive symptoms are more frequent in women with T1D than in men with
T1D; (2) ED symptoms are associated with depressive symptoms; and (3) both ED and depres-
sive symptoms are associated with worse metabolic control.

Materials and Methods

Study population
The “Clinical Course of Type 1 Diabetes in Children, Adolescents and Young Adults with Dis-
ease Onset in Preschool Age” study is a nationwide, population-based cohort study in Ger-
many. The baseline survey was conducted between September 2009 and December 2010 and
has been previously described in detail [42]. In brief, all patients with early diabetes onset (ages
0–4 years) during the 1993–1999 period and their legal guardians (in the case of minors) were
contacted via their treatment facilities. Patients and parents/guardians were asked to answer
extensive standardized questionnaires (for 11- to 17-year-old adolescents and their parents and
for 18- to 21-year-old adults) and to return them with their written informed consent. The eth-
ics committee of the Heinrich Heine University Düsseldorf had approved the study in advance.

The current analyses used data from 18- to 21-year-old young adults. Of the 1,212 eligible
young adults, 746 (62%) patients were invited by their treatment facilities to participate in the
study. Of these patients, 211 young adults (85 men and 126 women) returned the extensive
questionnaire, resulting in a 28% response rate.

Assessment of variables
The brief German version of the Patient Health Questionnaire (PHQ-9) was used to assess
depressive symptoms based on DSM-IV and ICD-10 criteria [43]. The PHQ-9 is also consis-
tent with the recently introduced DSM-5 criteria. Therefore, the PHQ-9 was recommended as
an emerging measure of depression severity in adults [44].

The PHQ-9 assesses nine core depressive symptoms (anhedonia, depressed mood, sleep
difficulty, lethargy, overeating/poor appetite, low self-esteem/feeling of worthlessness, con-
centration difficulties, psychomotor retardation/agitation, and suicidal ideation) in the pre-
ceding two-week period. The four response categories range from “not at all” (0 points) to
“nearly every day” (3 points) [45]. Summing up the values of all answers results in an esti-
mated score for severity of depressive symptoms (range 0–27). Scores of 0–4, 5–9, 10–14,

Symptoms of Eating Disorders, Depression and HbA1c in Type 1 Diabetes

PLOS ONE | DOI:10.1371/journal.pone.0131027 June 29, 2015 4 / 16



15–19 and�20 indicate no, mild, moderate, moderately severe, and severe depressive symp-
toms, respectively [43].

The German version of the PHQ-9 was developed in collaboration with the authors of the
original version and was validated in a sample of medical and psychosomatic outpatients.
Here, the PHQ-9 showed the best operating characteristics regarding major depressive disorder
(cutoff value�11: sensitivity 98%, specificity 80%) and any depressive disorder (cut-off value
�9: sensitivity 87%, specificity 76%) compared with the Hospital Anxiety and Depression Scale
(HADS) and the WHO (five) Well Being Index (WBI-5) [46]. The PHQ-9 has also been vali-
dated for outpatients with diabetes in the Netherlands. With the Mini-International Neuropsy-
chiatric Interview (M.I.N.I.) as a reference method for major depressive disorder, the
sensitivity and specificity of the PHQ-9 were 91.9% and 64.4% for a cut-off value�10 and
75.7% and 80.0% for a cut-off value�12, respectively [47].

The SCOFF questionnaire was used to screen for eating problems. Using five questions with
dichotomous answers (yes/no), the survey assesses the following main characteristics of EDs:
intentional vomiting, loss of control over food, unhealthy weight loss, body image disturbance,
and intrusive food thoughts [48,49]. If two or more questions are answered in the affirmative,
then an ED is suspected. In validation studies, estimates of the sensitivity and specificity of the
SCOFF questionnaire have ranged from 73% to 100% and from 21% to 94%, respectively [50].

All covariates were obtained from the participants’ questionnaire data. The participants
were assessed as having a low, middle or high socioeconomic status (SES) according to the
results of a composite social status index based on education level, professional status, and
household income [51,52]. For participants who were not the principal earner in their house-
holds (primarily because they had not completed professional training), the data for the house-
hold’s principal earner were used. Information on family structure/residence indicated
whether the participants were living with both parents, with one parent (and his/her partner)
or in a separate household alone or with a partner. BMI was calculated based on the partici-
pants’ self-reported height and weight, and participants were categorized as underweight/nor-
mal weight (<25 kg/m2), overweight (�25-<30 kg/m2), or obese (�30 kg/m2) according to the
WHO recommendation [53]. Furthermore, data on the self-reported most recently measured
HbA1c value were included (absolute value and categorized as<7.5%, 7.5%-9.0% and>9.0%,
corresponding to<58 mmol/mol, 58–75 mmol/mol and>75 mmol/mol, respectively).

Statistical analyses
Continuous variables are described as means with standard deviations (SDs), and categorical
variables are described as proportions. The distribution of severity of depressive symptoms in
female and male patients with and without ED symptoms is presented in a cross-table, includ-
ing the results of Fisher’s exact test. To adjust for confounders, the associations between ED
and depressive symptoms were further examined using multiple linear regression models with
the PHQ-9 score as the dependent variable and SCOFF positivity (potential ED) as the inde-
pendent variable. All models were fitted stratified by gender. First, the crude model (M1) was
fitted. Model 2 (M2) was adjusted for age and diabetes duration, and Model 3 (M3) also
included BMI, SES and family structure/residence. Furthermore, multiple linear models were
used to analyze the association between metabolic control as reflected by HbA1c and symp-
toms of EDs and depression severity (total PHQ-9 score). Taking HbA1c as the dependent var-
iable, the crude Models 1 and 2 (M1 [SCOFF], M2 [PHQ-9 score]) were first combined (M3),
then adjusted for age and diabetes duration (M4), and finally adjusted for BMI, insulin pump
therapy, SES and family structure/residence (M5). Results of the regression analyses are pre-
sented as regression coefficients with 95% confidence intervals (CIs) and p-values of respective

Symptoms of Eating Disorders, Depression and HbA1c in Type 1 Diabetes

PLOS ONE | DOI:10.1371/journal.pone.0131027 June 29, 2015 5 / 16



Wald tests. Two-tailed p-values<0.05 were considered statistically significant. The analyses
were performed using SAS for Windows Version 9.4 (SAS Institute, Cary, North Carolina,
USA).

Results

Description of the sample
The mean age of the participants was 19.4 (SD 1.0) years, the mean age of onset was 3.7 (0.9)
years, and the mean diabetes duration was 15.7 (1.0) years, with no difference observed
between men and women. Compared with the 1,001 non-participants (including 535 invited
and 466 unreachable subjects), the proportion of participating men was 13.2% lower (percent-
age of men: 40.3% vs. 53.5%, p<0.001). Participants were 0.18 years younger (p = 0.017), they
had a similar age of onset (0.02 years older, p = 0.789), and their diabetes duration was 0.20
years briefer (p = 0.010).

With an average HbA1c of 8.6 (1.7) % (corresponding to 70 [19] mmol/mol), women
tended to have higher HbA1c values than men (8.1 [1.4] %, i.e., 65 [15] mmol/mol, p = 0.061)
and a less favorable distribution of the different HbA1c categories (p = 0.037). Further details
regarding the sample are presented in Table 1.

Screening prevalences of eating problems and depression (hypothesis 1)
The data showed a female preponderance for ED symptoms and higher rates of positive screen-
ing for two or more ED symptoms among women than among men (Table 1). However, no dif-
ference between women and men was observed for the distribution of the number of positive
PHQ-9 items, although the mean PHQ-9 score was slightly higher among women than among
men. A total of 14.0% of the women and 9.9% of the men (p = 0.514) screened positive for at
least moderate severity of depressive symptoms (i.e., PHQ-9�10)

Association between ED and severity of depressive symptoms
(hypothesis 2)
According to bivariate analyses, 7.9% of women and 2.4% of men were screening positive for
both ED and at least moderate severity of depressive symptoms (p = 0.129). There was a ten-
dency for more severe depression among women than among men and greater severity in
patients who screened positive for EDs than in patients without ED symptoms (Table 2).
Among women who screened positive for an ED, 27.8% had at least moderate severity of
depressive symptoms, compared with only 8.2% of the women without ED symptoms of
(p = 0.009). The respective prevalences among men were 25.0% and 8.3% (p = 0.181). The
mean PHQ-9 score was 7.8 among women with ED symptoms and 4.2 among women without
ED symptoms (p<0.001). The figures for men were 5.8 and 3.7 (p = 0.127).

In accordance with the results of the multiple regression analysis presented in Table 3,
SCOFF positivity was associated with increased PHQ-9 scores (dependent variable) in women
(βSCOFF M3 women 3.8, p<0.001). Furthermore, there was a trend for higher PHQ-9 scores
among men screening positive for an ED (βM3 men 2.3, p = 0.068). Severity of depressive symp-
toms was increased in men living with a mother/father (and her/his partner) (βM3 men 2.5,
p = 0.014) or alone/with their partners in an apartment (βM3 men 5.2, p = 0.003) when com-
pared with those who lived with both parents. Among women, neither family structure/resi-
dence nor any other covariate was associated with severity of depressive symptoms.

Symptoms of Eating Disorders, Depression and HbA1c in Type 1 Diabetes

PLOS ONE | DOI:10.1371/journal.pone.0131027 June 29, 2015 6 / 16



Table 1. Characteristics of the study population.

Men1 Women1 p-value

N 85 126

Age [years] 19.3 (0.9) 19.4 (1.0) 0.3472

Age of diabetes onset [years] 3.6 (1.0) 3.8 (0.9) 0.1052

Diabetes duration [years] 15.7 (1.1) 15.7 (1.0) 0.5642

HbA1c [%] 8.1 (1.4) 8.6 (1.7) 0.0612

[mmol/mol] 65 (15.3) 70 (18.6)

<7.5% (<58 mmol/mol; optimal) 40.5 23.2 0.0373

7.5%-9.0% (58–75 mmol/mol; suboptimal) 34.2 47.3

>9.0% (>75 mmol/mol; high risk) 25.3 29.5

Insulin therapy regimen [%]

Conventional therapy (1–3 daily injections) 4.7 8.7 0.4363

Multiple daily injections (�4 daily injections) 50.6 52.4

Continuous subcutaneous insulin infusion 44.7 38.9

BMI [kg/m2] 23.0 (3.0) 24.1 (3.0) 0.0062

Underweight (i.e., BMI<18.5) [%] 2.4 0.8 0.2593

Normal weight (i.e., BMI 18.5-<25) [%] 76.5 69.8

Overweight (i.e., BMI � 25) [%] 21.2 29.4

Socioeconomic status [%]

Low 17.7 33.3 0.0273

Middle 48.2 43.7

High 34.1 23.0

Family structure [%]

Living with both biological parents 75.3 58.7 0.0133

Living with mother or father (and her/his partner) 18.8 20.6

Living alone/with partner in an apartment 5.9 17.5

Other 0.0 3.2

Number of screening positive symptoms for ED per patient [%]

0 62.4 35.7 0.0013

1 28.2 34.1

2 8.2 23.8

3 1.2 4.8

4 0.0 1.6

5 0.0 0.0

Screening results for SCOFF [%]

ED (screening positive for � 2 items) 9.5 30.2 <0.0013

Number of screening positive symptoms for depression per patient [%]

0 66.7 57.0 0.4413

1 14.8 14.1

2 4.9 12.4

3 6.2 5.0

4 4.9 3.3

5 2.5 5.0

6 0.0 1.7

7 0.0 0.0

8 0.0 1.7

9 0.0 0.0

Screening results for PHQ-9 [%]

(Continued)
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Associations between positive screening results of depression and EDs
and metabolic control (hypothesis 3)
Table 4 illustrates the association between screening positivity for EDs, the PHQ-9 score, and
HbA1c (dependent variable). Higher PHQ-9 scores were significantly associated with
increased HbA1c in men. In the final model (M4), a one-unit increase in the PHQ-9 score
increased the mean HbA1c by 0.14% (1.5 mmol/mol, p = 0.006). SCOFF positive patients
showed on average higher HbA1c levels in those models including the PHQ-9 score, but the
association between SCOFF and HbA1c was not statistically significant. However, positive
associations between low and middle SES and HbA1c were observed (significant only for
middle SES; βM4 men low SES 0.7, p = 0.146; βM4 men middle SES 0.7, p = 0.036; reference: high
SES).

Among female patients, neither depressive symptoms nor ED symptoms were significantly
associated with metabolic control. Again, HbA1c was increased in women with low and middle
SES compared with those with high SES (significant only for low SES; βM4 women low SES 1.2,
p = 0.010; βM4 women middle SES 0.4, p = 0.340).

Discussion
Focusing on young adults with early-onset T1D, this study shows the frequent co-occurrence
of depressive and ED symptoms and their varying degrees of association with metabolic
control. The inclusion of female and male participants enabled the first comparative analyses
to provide important gender-specific insight into screening and the advancement of
therapies.

Table 1. (Continued)

Men1 Women1 p-value

At least moderate depression severity 9.9 14.0 0.514

(PHQ score �10)

PHQ-9 Score 3.9 (3.6) 5.3 (4.4) 0.0182

1 Data are presented as n, mean (SD), and %
2/3 p-value of t-test/Fisher’s exact test for comparison of male and female patients

doi:10.1371/journal.pone.0131027.t001

Table 2. Severity of depression symptoms among patients screening positive for eating disorders (EDs) and control patients.

Male patients Female patients

No ED ED p-value No ED ED p-value

Severity of depression symptoms

no 69.4 37.5 0.0491 58.8 27.8 0.0031

mild 22.2 37.5 32.9 44.4

moderate 8.3 12.5 7.1 16.7

moderately severe 0.0 12.5 1.2 8.3

severe 0.0 0.0 0.0 2.8

PHQ-9 Score 3.7 5.8 0.1272 4.2 7.8 <0.0012

1/2p-value of Fisher’s exact test/ t-test for comparison of ED positive and control patients

doi:10.1371/journal.pone.0131027.t002
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Screening prevalences of eating problems and depression (hypothesis 1)
Despite a higher mean age of four years, the screening prevalence of EDs was only slightly
lower in the recent sample than in the previously studied cohort of adolescents (age 11–17
years) with concordant inclusion criteria (women/girls: 30.2% vs. 31.2%, men/boys: 9.4% vs.
11.7%) [23]. Notably, the prevalence of depressive symptoms also appears to be comparable
between the young women in this study and a previously analyzed group of adolescent girls
(13.5% vs. 12.2%), despite the average disease onset in the referred study being three years later
and the average disease duration being five years briefer [1]. Thus far, it remains unclear (1)
whether the early manifestation and long duration of diabetes have a preventive effect on the
development of psychiatric disorders in early adulthood and (2) how mental health progresses
during subsequent development. Although the previously observed higher screening preva-
lence of EDs in women [24,25] was confirmed in this study, the number of positive screenings
for depressive symptoms did not significantly differ between genders while severity of depres-
sive symptoms was slightly higher among women. The gender difference in the predisposition

Table 3. Multiple linear regression models for the association between depression severity (dependent variable) and SCOFF positive screening
results for eating disorders.

Model 1 Model 2 Model 3

ß (95% CI) p ß (95% CI) p ß (95% CI) p

Male patients

SCOFF positive 2.056 (-0.594; 4.705) 0.127 2.208 (-0.472; 4.889) 0.105 2.344 (-0.178; 4.866) 0.068

age 0.606 (-0.387; 1.599) 0.228 0.688 (-0.287; 1.663) 0.164

diabetes duration -0.452 (-1.336; 0.433) 0.312 -0.717 (-1.548; 0.114) 0.090

BMI -0.123 (-0.385; 0.139) 0.352

socioeconomic status (reference: high)

low 1.963 (-0.283; 4.209) 0.086

middle 0.445 (-1.814; 2.704) 0.695

family structure/residence: living . . .

(reference: with both parents)

with mother or father (and her/his partner) 2.483 (0.520; 4.446) 0.014

alone or with partner in an apartment 5.229 (1.873; 8.584) 0.003

Female patients

SCOFF positive 3.606 (2.330; 5.070) <0.001 3.644 (2.033; 5.257) <0.001 3.785 (2.061; 5.508) <0.001

age -0.534 (1.490; 0.422) 0.271 -0.670 (-1.745; 0.404) 0.542

diabetes duration 0.510 (-0.413; 1.433) 0.276 0.622 (-0.331; 1.576) 0.198

BMI -0.229 (-0.477; 0.019) 0.070

socioeconomic status (reference: high)

low 0.067 (-1.657; 1.790) 0.939

middle -1.537 (-3.647; 0.574) 0.152

family structure/residence: living . . .

(reference: with both parents)

with mother or father (and her/his partner) 0.741 (-1.151; 2.633) 0.440

alone or with partner in an apartment 0.811 (-1.528; 3.150) 0.493

other 2.076 (-2.409; 6.562) 0.361

Data are presented as regression coefficient β (95% CI) with p-value. Model 1: SCOFF (ED) (unadjusted). Model 2: Model 1 + age + diabetes duration.

Model 3: Model 2 + BMI + socioeconomic status + family structure/residence#
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Table 4. Multiple linear regression models for the association betweenmean HbA1c (dependent variable), PHQ-9 score and SCOFF positive
screening results for eating disorders (independent variables).

Model 1 Model 2 Model 3 Model 4 Model 5

ß (95% CI) p ß (95% CI) p ß (95% CI) p ß (95% CI) p ß (95% CI) p

Male Patients

PHQ-9 score 0.169 <0.001 0.163 <0.001 0.166 <0.001 0.141 0.006

(0.087;
0.252)

(0.080;
0.245)

(0.082;
0.251)

(0.043;
0.239)

SCOFF positive 0.815 0.155 0.770 0.115 0.735 0.180 0.738 0.145

(-0.315;
1.946)

(-0.191;
1.731)

(-0.248;
1.718)

(-0.260;
1.737)

age -0.085 0.631 0.023 0.911

(-0.438;
0.268)

(-0.393;
0.440)

diabetes duration 0.073 0.649 0.017 0.922

(-0.244;
0.389)

(-0.332;
0.366)

BMI -0.019 0.715

(-0.124;
0.085)

insulin pump therapy 0.220 0.501

(yes vs. no) (-0.429;
0.868)

socioeconomic status

(reference: high)

low 0.702 0.146

(-0.250;
1.653)

middle 0.740 0.036

(0.049;
1.432)

family structure/residence: living
. . .

(reference: with both parents)

with mother or father (and
her/his partner)

0.063 0.881

(-0.776;
0.903)

alone or with partner in an
apartment

-0.045 0.957

(-1.723;
1.632)

Female Patients

PHQ-9 score 0.069 0.071 0.056 0.165 0.054 0.183 0.035 0.410

(-0.006;
0.143)

(-0.024;
0.136)

(-0.026;
0.134)

(-0.049;
0.119)

SCOFF positive 0.508 0.143 0.334 0.376 0.351 0.356 0.627 0.137

(-0.175;
1.191)

(-0.410;
1.078)

(-0.400;
1.102)

(-0.203;
1.456)

age 0.292 0.174 -0.366 0.120

(-0.714;
0.131)

(-0.830;
0.097)

diabetes duration 0.188 0.355 0.193 0.354

(Continued)
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for eating problems may be attributable to differences in body dissatisfaction, self-esteem or
BMI that tend to be observed in the general population [24].

Association between ED and depressive symptoms (hypothesis 2)
The association between the ED and depressive symptoms observed in the current study is in
line with the results for adolescent girls reported by Colton et al. (prevalence of depressive
symptoms among girls with vs. without DEB: 69.2% vs. 22.0% compared with 27.8% and 8.2%
of the young adult women with and without ED symptoms in the present study) [1]. After
adjusting for age, diabetes duration, BMI, SES and family structure/residence, depression sever-
ity (PHQ-9 score) was significantly associated with SCOFF among women but not among
men, thus indicating gender differences in the pathophysiology of both diseases. However, the
results should be interpreted with caution because of the small sample size.

Table 4. (Continued)

Model 1 Model 2 Model 3 Model 4 Model 5

ß (95% CI) p ß (95% CI) p ß (95% CI) p ß (95% CI) p ß (95% CI) p

(-0.213;
0.589)

(-0.219;
0.605)

BMI -0.060 0.289

(-0.172;
0.052)

insulin pump therapy 0.004 0.989

(yes vs. no) (-0.656;
0.665)

socioeconomic status

(reference: high)

low 1.228 0.010

(0.300;
2.156)

middle 0.410 0.340

(-0.438;
1.259)

family structure/ residence:
living . . .

(reference: with both parents)

with mother or father (and
her/his partner)

-0.524 0.214

(-1.355;
0.308)

alone or with partner in an
apartment

-0.152 0.760

(-1.132;
0.829)

other -0.210 0.822

(-2.059;
1.638)

Data are presented as regression coefficient β (95% CI) with p-value; separate models for PHQ-9 score and MDS/ODS as independent variables. Model

1: SCOFF (ED) (unadjusted). Model 2: PHQ-9 score (unadjusted). Model 3: SCOFF + PHQ-9 score (unadjusted). Model 4: Model 3 + age + diabetes

duration. Model 5: Model 4 + BMI + insulin pump therapy + socioeconomic status + family structure/residence

doi:10.1371/journal.pone.0131027.t004
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Associations between positive screening results and metabolic control
(hypothesis 3)
Despite the higher screening prevalence of EDs and the significant associations between ED
and depressive symptoms in women with early-onset T1D compared with those observed in
the male group, the associations between the PHQ-9 score and HbA1c were significant only
among men. In this group, a one-unit improvement in depression severity was associated with
an HbA1c decrease up to 0.71% (corresponding to 7.7 mmol/mol), thus reducing the risk for
late diabetes-related complications. As noted previously, the results of previous studies on the
association between depression and metabolic control have been contradictory, and differences
in the study population and the study design limit the comparability of the results [7]. In addi-
tion, the association between the symptoms of EDs, depression and metabolic control has not
yet been analyzed among intensely treated male adolescents or young adults. Substantiating
these results will thus be the task of future research.

One explanation for the apparent contradiction between the screening prevalence of EDs
and depression severity on the one hand and metabolic outcomes on the other hand may per-
tain to gender differences in the expression of feelings [2]. The stronger association between
ED and depressive symptoms and metabolic control observed among men compared with
women may thus be attributable to gender differences in the reporting and evaluation of the
severity of depressive symptoms.

Strengths and limitations
One strength of our study was the nationwide assessment of a well-defined sample of young
adults. Furthermore, although the participants were homogenous in terms of their diabetes
onset and current age, they received different types of diabetes therapy at various treatment
facilities throughout Germany, thus increasing the generalizability of the study results. Addi-
tional strengths are the detailed analysis of depressive symptoms and the gender-specific pre-
sentation of the results.

However, this cross-sectional study design did not allow for inferences on causality. In a
prospective study on the persistence of DEB in mid-adolescent students from the general popu-
lation, baseline depressiveness predicted the onset and persistence of DEB among 19-year-old
women [25]. However, in another study, a loss of control over eating in children (mean age
10.4 years) was associated with depressive symptoms 4.7 years later [54].

Additional limitations of the present study include the pending complete validation of the
SCOFF questionnaire for people with diabetes. Furthermore, the question regarding the choice
of cut-off values used for generic screening instruments in diabetes care remains open to
debate. To maintain comparability with healthy people and people with other chronic diseases,
the original cutoff values for the SCOFF questionnaire and the PHQ-9 were maintained. How-
ever, because the answer to one SCOFF question (“Would you say that food dominates your
life?”) may be biased owing to the demands of diabetes therapy, the cutoff value commonly
used for the SCOFF questionnaire may be too low for patients with diabetes, indicating DEB
rather than overt EDs [54].

Because of the nationwide sample and the restriction to questionnaires, it was not possible
to evaluate positive screening results with additional diagnostic procedures. Therefore, some
patients with positive screening results may not actually suffer from an ED. On the contrary,
insulin restriction, as diabetes-specific purging behavior, has not been considered when esti-
mating the prevalences of EDs; however, detailed results regarding this behavior have been pre-
viously published [23].
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Another limitation of the study is the considerable non-response rate, which limits the gen-
eralizability of the study results, and the limited available information regarding non-partici-
pants. Assuming that people with symptoms of EDs, depression and/or poor metabolic control
disproportionally often refuse participation in the comprehensive questionnaire study, the
screening prevalences of EDs and depression and their association to metabolic control may
have been underestimated.

Implications
Aged 18 to 21, the participants in this study fell within the age range of the typical transition
from pediatric to adult diabetes care. The study results indicate the relevance of a structured
transition process that addresses medical, psychosocial and psychological aspects, although the
participants’ early disease onset and long diabetes duration may have resulted in better disease
adaptation. On the other hand, patients with early-onset T1D and long disease duration may
be predisposed to diabetes distress or burnout, especially during the transition to adulthood.
Regular screening for mental health problems and psychological support during the challeng-
ing period of emerging adulthood may contribute to the prevention or at least the early detec-
tion of ED or depressive symptoms [7]. Targeted education programs for young adults with
T1D may support them in assuming full individual responsibility for the management of their
disease, thus improving diabetes self-management and avoiding frustrating metabolic
outcomes.

In conclusion, among young adults with early-onset, long-duration type 1 diabetes, ED and
depressive symptoms were found to be interrelated and these symptoms were also associated
with worse metabolic control, particularly among men. To prevent the persistence of these
mental health problems, poorer diabetes outcomes and the early onset of diabetes complica-
tions, continuous diabetes care that includes regular screening for mental health problems dur-
ing the transition to adult diabetes care is recommended.

Acknowledgments
We would like to express our sincere gratitude to all participants for completing our question-
naires and to diabetes care teams throughout Germany for forwarding these questionnaires to
their patients. Furthermore, we would like to thank our colleagues in the German Diabetes
Center for their sustained support during data collection and data entry.

In cooperation with the German Pediatric Surveillance Unit (ESPED) and the DPV-Science
Initiative, supported by the Competence Network Diabetes Mellitus (support codes 01GI0802,
01GI1109A, 01GI0859, 01GI1106) and the German Center for Diabetes Research (DZD)

Author Contributions
Conceived and designed the experiments: CB JR. Performed the experiments: CB AS KC JR.
Analyzed the data: CB JR. Contributed reagents/materials/analysis tools: NS RWH. Wrote the
paper: CB KL AS JR. Reviewed the manuscript: KL AS KC NS RWH GG JR.

References
1. Colton PA, Olmsted MP, Daneman D, Rodin GM. Depression, disturbed eating behavior, and metabolic

control in teenage girls with type 1 diabetes. Pediatr Diabetes. 2013; 14: 372–376. doi: 10.1111/pedi.
12016 PMID: 23418901

2. Manarte LF, Dias S, Góis C, Boavida JM. Independent factors associated with depression in type 1 dia-
betes mellitus. Acta Diabetol. 2010; 47: 201–207. doi: 10.1007/s00592-009-0110-y PMID: 19300897

3. Roy T, Lloyd CE. Epidemiology of depression and diabetes: a systematic review. J Affect Disord. 2012;
142 Suppl: S8–21. doi: 10.1016/S0165-0327(12)70004-6 PMID: 23062861

Symptoms of Eating Disorders, Depression and HbA1c in Type 1 Diabetes

PLOS ONE | DOI:10.1371/journal.pone.0131027 June 29, 2015 13 / 16

http://dx.doi.org/10.1111/pedi.12016
http://dx.doi.org/10.1111/pedi.12016
http://www.ncbi.nlm.nih.gov/pubmed/23418901
http://dx.doi.org/10.1007/s00592-009-0110-y
http://www.ncbi.nlm.nih.gov/pubmed/19300897
http://dx.doi.org/10.1016/S0165-0327(12)70004-6
http://www.ncbi.nlm.nih.gov/pubmed/23062861


4. Barnard KD, Skinner TC, Peveler R. The prevalence of co-morbid depression in adults with type 1 dia-
betes: systematic literature review. Diabet Med. 2006; 23: 445–448. PMID: 16620276

5. Gendelman N, Snell-Bergeon JK, McFann K, Kinney G, Paul Wadwa R, Bishop F, et al. Prevalence
and correlates of depression in individuals with and without type 1 diabetes. Diabetes Care 2009; 32:
575–579. doi: 10.2337/dc08-1835 PMID: 19171719

6. Bernstein CM, Stockwell MS, Gallagher MP, Rosenthal SL, Soren K. Mental health issues in adoles-
cents and young adults with type 1 diabetes: prevalence and impact on glycemic control. Clin Pediatr.
2013; 52: 10–15.

7. Hislop AL, Fegan PG, Schlaeppi MJ, Duck M, Yeap BB. Prevalence and associations of psychological
distress in young adults with Type 1 diabetes. Diabet Med. 2008; 25: 91–96. doi: 10.1111/j.1464-5491.
2007.02310.x PMID: 18199136

8. Korbel CD, Wiebe DJ, Berg CA, Palmer DL. Gender differences in adherence to type 1 diabetes man-
agement across adolescence: the mediating role of depression. Child Health Care. 2007; 36: 83–98.

9. Lawrence JM, Standiford DA, Loots B, Klingensmith GJ, Williams DE, Ruggiero A, et al. Prevalence
and correlates of depressed mood among youth with diabetes: the SEARCH for Diabetes in Youth
study. Pediatrics. 2006; 117: 1348–1358. PMID: 16585333

10. Northam EA, Lin A, Finch S, Werther GA, Cameron FJ. Psychosocial well-being and functional out-
comes in youth with type 1 diabetes 12 years after disease onset. Diabetes Care. 2010; 33: 1430–
1437. doi: 10.2337/dc09-2232 PMID: 20357379

11. Helgeson VS, Siminerio L, Escobar O, Becker D. Predictors of metabolic control among adolescents
with diabetes: a 4-year longitudinal study. J Pediatr Psychol. 2009; 34: 254–270. doi: 10.1093/jpepsy/
jsn079 PMID: 18667479

12. Melin EO, Thunander M, Svensson R, Landin-Olsson M, Thulesius HO. Depression, obesity, and
smoking were independently associated with inadequate glycemic control in patients with type 1 diabe-
tes. Eur J Endocrinol. 2013; 168: 861–869. doi: 10.1530/EJE-13-0137 PMID: 23536618

13. Shaban C, Fosbury JA, Cavan DA, Kerr D, Skinner TC. The relationship between generic and diabetes
specific psychological factors and glycaemic control in adults with type 1 diabetes. Diabetes Res Clin
Pract. 2009; 85: e26–29. doi: 10.1016/j.diabres.2009.05.006 PMID: 19500869

14. Bryden KS, Dunger DB, Mayou RA, Peveler RC, Neil, HA. Poor prognosis of young adults with type 1
diabetes: a longitudinal study. Diabetes Care. 2003; 26: 1052–1057. PMID: 12663572

15. Steinsdottir FK, Halldorsdottir H, Gudmundsdottir A, Arnardottir S, Smari J, Arnarson EO. [Diabetes
type 1 in young adults: The relationship between psycho-social variables, glycemic control, depression
and anxiety]. Laeknabladid. 2008; 4: 823–829.

16. Lyoo IK, Yoon S, Jacobson AM, Hwang J, Musen G, Kim JE, et al. Prefrontal cortical deficits in type 1
diabetes mellitus: brain correlates of comorbid depression. Arch Gen Psychiatry. 2012; 69: 1267–1276.
doi: 10.1001/archgenpsychiatry.2012.543 PMID: 23090665

17. Ahola AJ, Harjutsalo V, Saraheimo M, Forsblom C, Groop P. Purchase of antidepressant agents by
patients with type 1 diabetes is associated with increased mortality rates in women but not in men. Dia-
betologia 2012; 55: 73–79. doi: 10.1007/s00125-011-2347-6 PMID: 22033620

18. Carreira M, Anarte MT, Ruiz De Adana MS, Félix Caballero F, Machado A, Domínguez-López M, et al.
[Depression in type 1 diabetes mellitus and associated factors]. Med Clin. 2010; 135: 151–155.

19. Groot M de, Anderson R, Freedland KE, Clouse RE, Lustman PJ. Association of depression and diabe-
tes complications: a meta-analysis. PsychosomMed. 2001; 63: 619–630. PMID: 11485116

20. Fröhlich-Reiterer EE, Rosenbauer J, Bechtold-Dalla Pozza S, Hofer SE, Schober E, Holl RW. Predic-
tors of increasing BMI during the course of diabetes in children and adolescents with type 1 diabetes:
data from the German/Austrian DPVmulticentre survey. Arch Dis Child. 2014; 99: 738–743. doi: 10.
1136/archdischild-2013-304237 PMID: 24812301

21. Colton PA, Olmsted MP, Daneman D, Rydall AC, Rodin GM. Five-year prevalence and persistence of
disturbed eating behavior and eating disorders in girls with type 1 diabetes. Diabetes Care. 2007; 30:
2861–2862. PMID: 17698613

22. Young V, Eiser C, Johnson B, Brierley S, Epton T, Heller S. Eating problems in adolescents with type 1
diabetes: a systematic review with meta-analysis. Diabet Med. 2013; 30: 189–198. doi: 10.1111/j.1464-
5491.2012.03771.x PMID: 22913589

23. Baechle C, Castillo K, Straßburger K, Stahl-Pehe A, Meissner T, Holl RW, et al. Is disordered eating
behavior more prevalent in adolescents with early-onset type 1 diabetes than in their representative
peers. Int J Eat Disord. 2014; 47: 342–352. doi: 10.1002/eat.22238 PMID: 24375553

24. Ferreiro F, Seoane G, Senra C. A prospective study of risk factors for the development of depression
and disordered eating in adolescents. J Clin Child Adolesc Psychol. 2011; 40: 500–505. doi: 10.1080/
15374416.2011.563465 PMID: 21534061

Symptoms of Eating Disorders, Depression and HbA1c in Type 1 Diabetes

PLOS ONE | DOI:10.1371/journal.pone.0131027 June 29, 2015 14 / 16

http://www.ncbi.nlm.nih.gov/pubmed/16620276
http://dx.doi.org/10.2337/dc08-1835
http://www.ncbi.nlm.nih.gov/pubmed/19171719
http://dx.doi.org/10.1111/j.1464-5491.2007.02310.x
http://dx.doi.org/10.1111/j.1464-5491.2007.02310.x
http://www.ncbi.nlm.nih.gov/pubmed/18199136
http://www.ncbi.nlm.nih.gov/pubmed/16585333
http://dx.doi.org/10.2337/dc09-2232
http://www.ncbi.nlm.nih.gov/pubmed/20357379
http://dx.doi.org/10.1093/jpepsy/jsn079
http://dx.doi.org/10.1093/jpepsy/jsn079
http://www.ncbi.nlm.nih.gov/pubmed/18667479
http://dx.doi.org/10.1530/EJE-13-0137
http://www.ncbi.nlm.nih.gov/pubmed/23536618
http://dx.doi.org/10.1016/j.diabres.2009.05.006
http://www.ncbi.nlm.nih.gov/pubmed/19500869
http://www.ncbi.nlm.nih.gov/pubmed/12663572
http://dx.doi.org/10.1001/archgenpsychiatry.2012.543
http://www.ncbi.nlm.nih.gov/pubmed/23090665
http://dx.doi.org/10.1007/s00125-011-2347-6
http://www.ncbi.nlm.nih.gov/pubmed/22033620
http://www.ncbi.nlm.nih.gov/pubmed/11485116
http://dx.doi.org/10.1136/archdischild-2013-304237
http://dx.doi.org/10.1136/archdischild-2013-304237
http://www.ncbi.nlm.nih.gov/pubmed/24812301
http://www.ncbi.nlm.nih.gov/pubmed/17698613
http://dx.doi.org/10.1111/j.1464-5491.2012.03771.x
http://dx.doi.org/10.1111/j.1464-5491.2012.03771.x
http://www.ncbi.nlm.nih.gov/pubmed/22913589
http://dx.doi.org/10.1002/eat.22238
http://www.ncbi.nlm.nih.gov/pubmed/24375553
http://dx.doi.org/10.1080/15374416.2011.563465
http://dx.doi.org/10.1080/15374416.2011.563465
http://www.ncbi.nlm.nih.gov/pubmed/21534061


25. Hautala L, Helenius H, Karukivi M, Maunula A, Nieminen J, AromaaM,et al. The role of gender, affectiv-
ity and parenting in the course of disordered eating: a 4-year prospective case-control study among
adolescents. Int J Nurs Stud. 2011; 48: 959–972. doi: 10.1016/j.ijnurstu.2011.01.014 PMID: 21349520

26. Scheuing N, Bartus B, Berger G, Haberland H, Icks A, Knauth B, et al. Clinical characteristics and out-
come of 467 patients with a clinically recognized eating disorder identified among 52,215 patients with
type 1 diabetes: a multicenter german/austrian study. Diabetes Care. 2014; 37: 1581–1589. doi: 10.
2337/dc13-2156 PMID: 24623022

27. Peveler RC, Bryden KS, Neil HAW, Fairburn CG, Mayou RA, Dunger DB, et al. The relationship of dis-
ordered eating habits and attitudes to clinical outcomes in young adult females with type 1 diabetes.
Diabetes Care. 2005; 28: 84–88. PMID: 15616238

28. Anderson BJ. Living with depression and type 1 or type 2 diabetes in late adolescence and young adult-
hood: lessons from research. Diabetes Spectr 2010; 23: 32–37.

29. Arnett JJ Emerging adulthood. A theory of development from the late teens through the twenties. Am
Psychol. 2000; 55: 469–480. PMID: 10842426

30. Johnson B, Eiser C, Young V, Brierley S, Heller S. Prevalence of depression among young people with
Type 1 diabetes: a systematic review. Diabet Med. 2013; 30: 199–208. doi: 10.1111/j.1464-5491.2012.
03721.x PMID: 22698387

31. Lotstein DS, Seid M, Klingensmith G, Case D, Lawrence JM, Pihoker C, et al. Transition from pediatric
to adult care for youth diagnosed with type 1 diabetes in adolescence. Pediatrics. 2013; 131: e1062–
1070. doi: 10.1542/peds.2012-1450 PMID: 23530167

32. Nathan DM, Bayless M, Cleary P, Genuth S, Gubitosi-Klug R, Lachin JM, et al. Diabetes control and
complications trial/epidemiology of diabetes interventions and complications study at 30 years:
advances and contributions. Diabetes 2013; 62: 3976–3986. doi: 10.2337/db13-1093 PMID: 24264395

33. Polak JF, Backlund JC, Cleary PA, Harrington AP, O'Leary DH, Lachin JM, et al. Progression of carotid
artery intima-media thickness during 12 years in the Diabetes Control and Complications Trial/Epidemi-
ology of Diabetes Interventions and Complications (DCCT/EDIC) study. Diabetes. 2011; 60: 607–613.
doi: 10.2337/db10-0296 PMID: 21270271

34. de Boer IH, SunW, Cleary PA, Lachin JM, Molitch ME, Steffes MW, et al. Intensive diabetes therapy
and glomerular filtration rate in type 1 diabetes. New Engl J Med. 2011; 365: 2366–2376. doi: 10.1056/
NEJMoa1111732 PMID: 22077236

35. Albers JW, HermanWH, Pop-Busui R, Feldman EL, Martin CL, Cleary, PA, et al. Effect of prior inten-
sive insulin treatment during the Diabetes Control and Complications Trial (DCCT) on peripheral neu-
ropathy in type 1 diabetes during the Epidemiology of Diabetes Interventions and Complications (EDIC)
Study. Diabetes Care. 2010; 33: 1090–1096. doi: 10.2337/dc09-1941 PMID: 20150297

36. Pop-Busui R, HermanWH, Feldman EL, Low PA, Martin CL, Cleary PA, et al. DCCT and EDIC studies
in type 1 diabetes: lessons for diabetic neuropathy regarding metabolic memory and natural history.
Curr Diab Rep. 2010; 10: 276–282. doi: 10.1007/s11892-010-0120-8 PMID: 20464532

37. White NH, SunW, Cleary PA, TamborlaneWV, Danis RP, Hainsworth DP, et al. (2010) Effect of prior
intensive therapy in type 1 diabetes on 10-year progression of retinopathy in the DCCT/EDIC: comparison
of adults and adolescents. Diabetes. 2010; 59: 1244–1253. doi: 10.2337/db09-1216 PMID: 20150283

38. Silverstein J, Klingensmith G, Copeland K, Plotnick L, Kaufman F, Laffel L, et al. Care of children and
adolescents with type 1 diabetes: a statement of the American Diabetes Association. Diabetes Care.
2005; 28: 186–212. PMID: 15616254

39. Saßmann H, Albrecht C, Busse-Widmann P, Hevelke LK, Kranz J, Markovitz JT, et al. Psychometric
Properties of the German Version of the Diabetes Eating Problem Survey-Revised (DEPS-R): addi-
tional benefit of disease specific screening in adolescents with type 1 diabetes. Diabet Med. 2015 (pub-
lished ahead of print).

40. Patterson CC, Dahlquist GG, Gyürüs E, Green A, Soltész G. Incidence trends for childhood type 1 dia-
betes in Europe during 1989–2003 and predicted new cases 2005–20: a multicentre prospective regis-
tration study. Lancet. 2009; 373: 2027–2033. doi: 10.1016/S0140-6736(09)60568-7 PMID: 19481249

41. Dabelea D. The accelerating epidemic of childhood diabetes. Lancet. 2009; 373: 1999–2000. doi: 10.
1016/S0140-6736(09)60874-6 PMID: 19481250

42. Stahl A, Straßburger K, Lange K, Bächle C, Holl RW, Giani G, et al. Health-related quality of life among
German youths with early-onset and long-duration type 1 diabetes. Diabetes Care. 2012; 35: 1736–
1742. doi: 10.2337/dc11-2438 PMID: 22611065

43. Löwe B, Spitzer RL, Zipfel S, HerzogW. PHQ-DManual. Komplettversion und Kurzform. 2002. Avail-
able: http://www.klinikum.uni-heidelberg.de/fileadmin/Psychosomatische_Klinik/download/PHQ_
Manual1.pdf. Accessed 09 May 2015.

Symptoms of Eating Disorders, Depression and HbA1c in Type 1 Diabetes

PLOS ONE | DOI:10.1371/journal.pone.0131027 June 29, 2015 15 / 16

http://dx.doi.org/10.1016/j.ijnurstu.2011.01.014
http://www.ncbi.nlm.nih.gov/pubmed/21349520
http://dx.doi.org/10.2337/dc13-2156
http://dx.doi.org/10.2337/dc13-2156
http://www.ncbi.nlm.nih.gov/pubmed/24623022
http://www.ncbi.nlm.nih.gov/pubmed/15616238
http://www.ncbi.nlm.nih.gov/pubmed/10842426
http://dx.doi.org/10.1111/j.1464-5491.2012.03721.x
http://dx.doi.org/10.1111/j.1464-5491.2012.03721.x
http://www.ncbi.nlm.nih.gov/pubmed/22698387
http://dx.doi.org/10.1542/peds.2012-1450
http://www.ncbi.nlm.nih.gov/pubmed/23530167
http://dx.doi.org/10.2337/db13-1093
http://www.ncbi.nlm.nih.gov/pubmed/24264395
http://dx.doi.org/10.2337/db10-0296
http://www.ncbi.nlm.nih.gov/pubmed/21270271
http://dx.doi.org/10.1056/NEJMoa1111732
http://dx.doi.org/10.1056/NEJMoa1111732
http://www.ncbi.nlm.nih.gov/pubmed/22077236
http://dx.doi.org/10.2337/dc09-1941
http://www.ncbi.nlm.nih.gov/pubmed/20150297
http://dx.doi.org/10.1007/s11892-010-0120-8
http://www.ncbi.nlm.nih.gov/pubmed/20464532
http://dx.doi.org/10.2337/db09-1216
http://www.ncbi.nlm.nih.gov/pubmed/20150283
http://www.ncbi.nlm.nih.gov/pubmed/15616254
http://dx.doi.org/10.1016/S0140-6736(09)60568-7
http://www.ncbi.nlm.nih.gov/pubmed/19481249
http://dx.doi.org/10.1016/S0140-6736(09)60874-6
http://dx.doi.org/10.1016/S0140-6736(09)60874-6
http://www.ncbi.nlm.nih.gov/pubmed/19481250
http://dx.doi.org/10.2337/dc11-2438
http://www.ncbi.nlm.nih.gov/pubmed/22611065
http://www.klinikum.uni-heidelberg.de/fileadmin/Psychosomatische_Klinik/download/PHQ_Manual1.pdf
http://www.klinikum.uni-heidelberg.de/fileadmin/Psychosomatische_Klinik/download/PHQ_Manual1.pdf


44. American Psychiatric Association (APA) Severity Measure for Depression—Adult. 2014. Available:
http://www.psychiatry.org/practice/dsm/dsm5/online-assessment-measures. Accessed 09 May 2015.

45. SaccoWP, Bykowski CA. Depression and hemoglobin A1c in type 1 and type 2 diabetes: the role of
self-efficacy. Diabetes Res Clin Pract. 2010; 90: 141–146. doi: 10.1016/j.diabres.2010.06.026 PMID:
20673594

46. Löwe B, Spitzer RL, Gräfe K, Kroenke K, Quenter A, Zipfel S, et al. Comparative validity of three
screening questionnaires for DSM-IV depressive disorders and physicians' diagnoses. J Affect Disord.
2004; 78: 131–140. PMID: 14706723

47. van Steenbergen-Weijenburg K. M., Vroege L de, Ploeger RR, Brals JW, Vloedbeld MG, Veneman TF,
et al. Validation of the PHQ-9 as a screening instrument for depression in diabetes patients in special-
ized outpatient clinics. BMC Health Serv Res. 2010; 10: 235. doi: 10.1186/1472-6963-10-235 PMID:
20704720

48. Morgan JF, Reid F, Lacey JH. The SCOFF questionnaire: assessment of a new screening tool for eat-
ing disorders. BMJ. 1999; 319: 1467–1468. PMID: 10582927

49. Hill LS, Reid F, Morgan JF, Lacey JH. SCOFF, the development of an eating disorder screening ques-
tionnaire. Int J Eat Disord. 2010; 43: 344–351. doi: 10.1002/eat.20679 PMID: 19343793

50. Muro-Sans P, Amador-Campos JA, Morgan JF. The SCOFF-c: psychometric properties of the Catalan
version in a Spanish adolescent sample. J Psychosom Res. 2008; 64: 81–86. PMID: 18158003

51. Kurth B, Kamtsiuris P, Hölling H, Schlaud M, Dölle R, Ellert U, et al. The challenge of comprehensively
mapping children's health in a nation-wide health survey: Design of the German KiGGS-Study. BMC
Public Health. 2008; 8: 196. doi: 10.1186/1471-2458-8-196 PMID: 18533019

52. Lange M, Kamtsiuris P, Lange C, Schaffrath Rosario A, Stolzenberg H, Lampert T. Messung soziode-
mographischer Merkmale im Kinder- und Jugendgesundheitssurvey (KiGGS) und ihre Bedeutung am
Beispiel der Einschätzung des allgemeinen Gesundheitszustands. Bundesgesundheitsbl. 2007; 50:
578–589.

53. World Health Organization (WHO). BMI classification. 2008. Available: http://apps.who.int/bmi/index.
jsp?introPage = intro_3.html. Accessed 22 January 2015.

54. Tanofsky-Kraff M, Shomaker LB, Olsen C, Roza CA, Wolkoff LE, Columbo KM, et al. A prospective
study of pediatric loss of control eating and psychological outcomes. J Abnorm Psychol. 2011; 120:
108–118. doi: 10.1037/a0021406 PMID: 21114355

Symptoms of Eating Disorders, Depression and HbA1c in Type 1 Diabetes

PLOS ONE | DOI:10.1371/journal.pone.0131027 June 29, 2015 16 / 16

http://www.psychiatry.org/practice/dsm/dsm5/online-assessment-measures
http://dx.doi.org/10.1016/j.diabres.2010.06.026
http://www.ncbi.nlm.nih.gov/pubmed/20673594
http://www.ncbi.nlm.nih.gov/pubmed/14706723
http://dx.doi.org/10.1186/1472-6963-10-235
http://www.ncbi.nlm.nih.gov/pubmed/20704720
http://www.ncbi.nlm.nih.gov/pubmed/10582927
http://dx.doi.org/10.1002/eat.20679
http://www.ncbi.nlm.nih.gov/pubmed/19343793
http://www.ncbi.nlm.nih.gov/pubmed/18158003
http://dx.doi.org/10.1186/1471-2458-8-196
http://www.ncbi.nlm.nih.gov/pubmed/18533019
http://apps.who.int/bmi/index.jsp?introPage�=�intro_3.html
http://apps.who.int/bmi/index.jsp?introPage�=�intro_3.html
http://dx.doi.org/10.1037/a0021406
http://www.ncbi.nlm.nih.gov/pubmed/21114355

