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Abstract

Objective: To evaluate mental health problems and associations between mental health problems and health-related
quality of life in adolescents with type 1 diabetes in comparison with the general population.

Method: A total of 629 11- to 17-year-olds with early-onset and long-lasting type 1 diabetes and their parents completed
comprehensive questionnaires. Mental health was assessed using the parent- and self-report versions of the Strengths and
Difficulties Questionnaire (SDQ). The Revised Children’s Quality of Life Questionnaire (KINDL-R) was used to measure quality
of life. The comparison group (n=6,813) was a representative sample from the German KiGGS study.

Results: The proportion of youths with mental health problems (defined as abnormal SDQ total difficulties score) was, based
on self-reports, 4.4% in the patient group and 2.9% in the general population (adjusted OR=1.61, p =0.044); and based on
proxy reports, 7.9% in the patient group and 7.2% in the general population (OR=1.05, p=0.788). Youths with type 1
diabetes and self-reported mental health problems scored worse in the KINDL-R subscales of physical well-being (adjusted
average difference f=—16.74, p<<0.001) and family (B=—11.09, p=0.017), and in the KINDL-R total score (f=—8.09, p<
0.001), than peers with self-reported mental health problems. The quality of life of diabetic adolescents and proxy-reported
mental health problems did not differ from peers with proxy-reported mental health problems adjusted for confounders.

Conclusions: Compared with the general population with mental health problems, the quality of life of adolescents with
type 1 diabetes who report mental health problems is more severely impaired. This observation calls for early prevention
and intervention as part of pediatric diabetes long-term care.
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Introduction treatment. The aim of these patient education programs is to aid
. . . ) ) patients in successfully managing their therapy to avoid negative
Lype 1 diabetes is a chronic disease that results from acute and long-term complications and to maintain a high quality

autoimmune destruction of insulin-producing beta cells of the
pancreas. Optimal insulin substitution is necessary to achieve near-
normal glycemic control and to avoid serious short- and long-term
complications. In recent years, biomedical and technological
advances have been made in the treatment of type 1 diabetes.
Children and adolescents in Western countries have benefited
from these developments in that flexible insulin regimens allow to
lead a more normal life. However, the therapeutic options raise
rather than supersede behavioral and psychological aspects of
diabetes care [1]. In Germany, structured patient education
programs are regarded as an indispensable part of diabetes
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of life (QoL) [2]. Glycemic control has improved in children and
adolescents with type 1 diabetes in Germany during the past
decade [3], but everyday practice of complex treatment regimens
remains challenging for patients and their parents. Behavioral and
psychosocial aspects of diabetes care in adolescents with type 1
diabetes are particularly concerning because mental health issues
can interfere with diabetes self~-management (e.g., self-monitoring
of blood glucose levels and injecting insulin as recommended).
Adolescents with type 1 diabetes and mental health comorbidities
are at increased risk of having less effective self-care, poor glycemic
control, and poorer health outcomes. Thus, mental health
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problems in adolescence may have a potentially persistent impact
on the life of the patients [4,5]. Several studies have been
conducted with regard to mental health problems in adolescents
with type 1 diabetes [5-10]. However, none of these studies
focused specifically on patients with type 1 diabetes onset during
the first five years of life, who suffer from the disease for nearly all
of their lives. This is surprising because the incidence of early-onset
type 1 diabetes has been steeply increasing in several Western
countries for some years [11]. In addition, there is increasing
evidence that the individual and societal impact in patients with
early disease onset is higher than in patients with later onset
[12,13].

As yet, it is not entirely clear whether mental health is worse in
adolescents with type 1 diabetes than in the general population. It
is assumed that adolescents with type 1 diabetes have an increased
risk of cognitive dysfunction (including attention problems), which
is likely a consequence of structural and functional changes to the
brain (most apparent in those patients with early-onset type 1
diabetes) [14]. It has been observed that the parent-reported
mental health of children and adolescents with type 1 diabetes is
poorer than the mental health of normative non-clinical samples
[5,6]. However, some studies based on self-reports [6-9] and
parent-reports [10] have shown that mental health problems
(including psychosocial difficulties and behavioral problems) are
no more prevalent in adolescents with type 1 diabetes than in
healthy control subjects. This circumstance led to our first research
question: Do mental health problems occur more frequently in adolescents
with early-onset type 1 diabetes than in the general population?

Mental Health Problems among Adolescents with Type 1 Diabetes

There is some evidence that mental health problems are
associated with reduced QoL in the general population of children
and adolescents [15—17], although another report did not describe
an association between mental health problems and QoL [18].
QoL is an important outcome of pediatric diabetes care [19]. We
observed in a previous analysis that QoL was not impaired in
adolescents with early-onset type 1 diabetes compared with peers
from the general population in Germany [20]. However,
adolescents with type 1 diabetes and mental health problems
might be a sub-group with increased risk of impaired QoL. There
1s a lack of studies on this topic to date. This leads us to our second
research question: Is the QoL of adolescents with early-onset type 1 diabetes
and mental health problems worse than the QoL of peers from the general
population with mental health problems?

Research Design and Methods

Data sources

One data source was the nationwide, population-based ques-
tionnaire survey “Clinical Course of Type 1 Diabetes in Children,
Adolescents and Young Adults with Disease Onset in Preschool
Age” (diabetes study). The patients were selected from the
nationwide diabetes register maintained at the German Diabetes
Center, Diisseldorf, Germany, in cases where the type 1 diabetes
onset was during the period of 1993 to 1999 when the patients
were younger than 5 years old. The study was approved by the
responsible commissioner for data protection and the ethics
committee of Diisseldorf University (study number 3254). Data
were collected via standardized comprehensive self-administered
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Table 1. Description of the two study populations.
Category Subcategory Diabetes study (n=629)* KiGGS (n=6,813)"
Sex Boys 54.1 51.3
Girls 46.0 48.7
Age 11-13 years 240 39.6
14-17 years 76.0 60.4
Socioeconomic status Low 17.9 274
Intermediate 48.2 47.2
High 339 253
Immigrant background No 98.3 82.5
Yes 1.8 17.5
Region of residence West 86.2 81.4
East 13.8 18.6
Family structure Biological parents 79.2 74.6
Other (e.g. mother and partner, single parent, relatives) 20.8 25.4
Informants of the proxy reports Mothers 717 81.0
Fathers 6.4 1.1
Mothers and fathers 20.8 47
Others 1.1 3.2
Body Mass Index Underweight 33 7.5
Normal weight 80.7 74.8
Overweight (incl. adiposity) 16.0 17.7
Hospitalization during last 12 months No 724 92.4
Yes 27.6 7.6
* Percentages.
#Weighted percentages.
doi:10.1371/journal.pone.0092473.t001
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0.848
0.023

1.03 [0.79;1.34]
0.57 [0.39;0.92]

0.944
0.014

1.01 [0.79;1.28]
0.57 [0.37;0.89]
0.91 [0.70;1.18]
1.28 [0.88;1.87]

14.2 0.728
0.011

6.5

43

1

0.531

0.87 [0.57;1.34]
0.82 [0.58;1.16]
1.33 [0.81;2.19]
1.82 [1.18;2.80]

0.225

0319  0.78 [0.52;1.17]

53

44
7.0

Conduct problems

35

0.253

0.328
0.182
0.017

0.85 [0.61;1.18]

0.239

Hyperactivity-inattention

0.467  1.01 [0.76;1.35] 0.939
1.36 [0.91;2.03]

0.743
0.140

12.9
4.1

11.9
55

0.260
0.007

1.35 [0.87;2.10]
1.62 [1.09;2.42]

0.198
0.007

3.0

39
49

Peer problems

0.129

0.190

29

Prosocial behavior

18.0

10.5

Impact

* Based on self-reports/proxy reports, abnormal was defined as a score for total difficulties =20/=17, for emotional symptoms =7/=5, for conduct problems =5/=4, for hyperactivity-inattention =7/=7, for peer problems =6/=4,

for prosocial behavior <5/<5, and for impact =2/=2 [25].

Chi-squared test.
*Diabetes study versus the reference group KiGGS adjusted for age group and sex (Model 1.1).

*Diabetes study versus the reference group KiGGS adjusted for age group, sex, socioeconomic status, immigration background, region of residence, family structure, proxy-informant (except self-reports), weight status, and

hospitalization during past 12 months (Model 1.2).

doi:10.1371/journal.pone.0092473.t002
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questionnaires during the years 2009 and 2010. The patients and
their parents/caregivers (proxies) gave written informed consent
and answered the mailed questionnaires at home. The response
rate was 43% among 11- to 13-year-olds and 42% among 14- to
17-year-olds. The study is described in more detail elsewhere
[20,21].

The second data source was the Public Use File of the German
Health Interview and Examination Survey for Children and
Adolescents (KiGGS) conducted from 2003 to 2006 (Robert Koch
Institute, Berlin (Germany), 2008). KiGGS is a nationwide survey,
representative for non-institutionalized children and adolescents
living in Germany. The data collection included questionnaires
that were answered by 11- to 17-year-olds and their parents at the
study centers. The response rate was 69% in 11- to 13-year-olds
and 63% in 14- to 17-year-olds [22]. The extensive, standardized
questionnaires used in the diabetes study were to a large extent
identical to those used in the KiGGS, but contained additional
diabetes-specific questions.

The study population

A total of 629 diabetic children and adolescents fulfilled the
inclusion criteria for the patient group: they had been newly
diagnosed with type 1 diabetes between the ages of 0 to 4 years
and within the years 1993-1999 in Germany, and participated in
the questionnaire survey between the ages of 11 and 17 years,
together with their parents or other caregivers. A total of 6,813
children and adolescents fulfilled the inclusion criteria for the
comparison group: participation in the KiGGS between the ages
of 11 to 17 years, together with their parents or other caregivers.

Variables

A brief questionnaire adopted worldwide for assessing emotion-
al and behavioral problems with child psychiatric relevance, the
Strengths and Difficulties Questionnaire (SDQ), was used. The
self- and parent-report versions of the SDQ) consist of 25 3-point
Likert-scaled items referring to the past six months. In addition,
the SDQ has a 4-point Likert-scaled impact supplement to report
on overall distress and social impairment of the child. The items
are grouped in subscales, each containing five items: emotional
symptoms, conduct problems, hyperactivity-inattention, peer
problems, prosocial behavior, and impact. Each subscale score
ranges from 0 to 10. Higher scores indicate greater difficulties/
impact, except for prosocial behavior, where a higher score reflects
more strength. A total difficulties score is calculated by totaling the
four subscale scores indicating difficulties (emotional symptoms,
conduct problems, hyperactivity-inattention, peer problems)
[23,24]. Norms from the United Kingdom were applied for the
classification into normal, borderline, and abnormal scores [25].
Only participants with abnormal SDQ) total difficulties scores were
considered to have mental health problems. The German SDQ
meets the basic psychometric requirements of a reliable and valid
measurement; it has a good internal consistency and validity, and
the five-factor model provides good fit. The items and subscales
correspond to the major categories and criteria of the current
psychiatric classification systems, ICD-10 and DSM-1V [26-29].

QoL was assessed by means of the self-report version of the
Revised Children’s Quality of Life Questionnaire (KINDL-R).
The KINDL-R questionnaire consists of 24 5-point Likert-scaled
items that cover six dimensions: physical well-being, emotional
well-being, self-esteem, family, friends, and school. The six
subscales were combined to form a total score. All measured
values are given on scales of 0 to 100 points with higher scores
indicating better QoL. The KINDL-R was evaluated to be a
methodologically suitable, psychometrically sound and flexible
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Figure 1. QoL in patients with type 1 diabetes compared to KiGGS participants differentiated by self-reported mental health
problems. * Clinically important differences between the patient group and the reference group.

doi:10.1371/journal.pone.0092473.g001

measure to assess the QoL in children and adolescents through
self-report [30-32].

Several covariates were included in the analyses: age, sex,
socioeconomic status (integrated information about parental
education level, parents’ professional status, and household income
classified into low, intermediate, and high according to [33]),
immigrant background (yes, no), region of residence in Germany
(East, West), family structure (living together with biological
parents; yes, no), informant of the proxy report (mother, father,
mother and father together, others), body mass index (BMI;
classified into underweight, normal weight, and overweight/
adiposity according to [34]), and hospitalization during the past
12 months (yes, no).

Statistical analyses

All analyses were performed with SAS for Windows version 9.3
(SAS Institute, Cary, North Carolina, USA). The descriptive
statistics are reported as percentages or means and standard
deviations (SD). All analyses, including KiGGS data, were
weighted with a survey weighting factor as recommended to
represent the age-, sex-, regional-, and citizenship-structure of the
population in Germany [35].

Both univariable and multivariable regression analyses (SAS
SURVEYREG and SURVEYLOGISTIC procedures) were
applied to identify differences between the patient group and the
reference group. To answer the first research question, the
dependent variables were abnormal SDQ) scores (yes vs. no in total
difficulties, emotional symptoms, conduct problems, hyperactivity-
Inattention, peer problems, and prosocial behavior) based on self-
and proxy reports. For each outcome, two models were applied:
model 1.1 (M1.1) included a term for differences between
participants of the type 1 diabetes and the KiGGS study (diabetes
study versus KiGGS, referred to as study effect), age group, and
sex as the independent variables, and model 1.2 (M1.2) added the
variables socioeconomic status, immigration background, region of
residence, family structure, proxy-informant (except for SDQ self-
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reports), weight status, and hospitalization during the past
12 months as independent categorical variables. To answer the
second research question, analyses were performed with the
continuous KINDL-R total score and the KINDL-R subscale
scores as dependent variables. Again, two models were used for
each outcome: model 2.1 (M2.1) and model 2.2 (M2.2) were
identical to M1.1 and M1.2, but additionally included a term for
mental health problems (abnormal SDQ total difficulties score yes
vs. no) and the interaction term study effect * mental health
problems as independent variables. Two-sided p-values =0.05
were considered statistically significant.

Results

Description of the study populations

The study populations did not differ regarding the proportion of
boys (54.1% in the diabetes study versus 51.3% in the KiGGS,
p = 0.188). However, they differed regarding mean age (15.3 (1.7)
years in the diabetes study versus 14.6 (2.0) years in the KiGGS,
p<<0.001), region of residence (p=0.003), family structure
(p=0.010), socioeconomic status, immigrant background, infor-
mants of the proxy reports, BMI, and hospitalization during the
past 12 months (each p<<0.001) (Table 1). A more detailed
description has been published elsewhere [20].

In addition, the participants in the diabetes study were
characterized by a mean type 1 diabetes manifestation age of
2.7 years (SD=1.1, range 0.6-4.9 years), by a mean diabetes
duration of 12.5 years (SD = 1.6, range 10.0-16.5 years), and by a
mean hemoglobin Alc (HbAlc) of 8.3% (SD=1.3, range 5.6—
14.4%, 28.2% with HbAlc <7.5%, 25.2% with HbAlc >9.0%).
A total of 48.8% of the patients used continuous subcutaneous
insulin infusion, 43.3% had =4 daily injections, and 7.9% had 1-3
daily injections.
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Figure 2. QoL in patients with type 1 diabetes compared to KiGGS participants differentiated by proxy-reported mental health

problems.
doi:10.1371/journal.pone.0092473.g002

Frequency of mental health problems

The proportions of adolescents with mental health problems
were overall comparable in both study populations (Table 2).
Based on the self-reports, the percentage of adolescents with
abnormal total difficulties scores was higher in the patient group
than in the KiGGS (4.4% versus 2.9%, p=0.036). The OR for
abnormal self-reported total difficulties in the patient group was
1.62 (95%-CI: 1.07-2.48) in the minimal adjusted model M1.1
and 1.61 (95%-CI: 1.01-2.56) in the fully adjusted model M1.2.
However, the percentage of adolescents with abnormal scores in
the four subscales indicating difficulties were not different. In
addition, the percentage of adolescents with abnormal prosocial
behavior was higher in the diabetes study than in the KiGGS
(4.9% versus 2.9%, p =0.007). The OR for self-reported abnormal
prosocial behavior in the patient group was 1.62 (95%-CI: 1.09—
2.42) in the M1.1 and 1.82 (95%-CI: 1.18-2.80) in the M1.2.

Based on the proxy reports, the percentage of adolescents with
abnormal SDQ) scores differed only in the hyperactivity-inatten-
tion subscale between the diabetes study and the KiGGS (3.5%
versus 6.5% with abnormal score, p=0.011). The OR for proxy-
reported abnormal hyperactivity-inattention in the patient group
was 0.57 (95%-CI: 0.37-0.89) in the M1.1 and 0.57 (95%-CL:
0.39-0.92) in the M1.2.

A total of 10.5% of the patients and 18.0% of their parents
reported abnormal impact scores. Comparative data from the
KiGGS were not available.

Associations between mental health problems and QoL

The patient group without self-reported mental health problems
(defined as normal/borderline SDQ) total difficulties score) rated
their QoL partly better and partly worse than peers’ scores
(Figure 1 and Table 3). According to the M2.2, diabetic patients
scored on average 4.9 points higher for the KINDL-R dimension
“self-esteem”, 3.9 points higher for “school”, 1.6 points higher for
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“friends”, and 1.4 points higher for total QoL. compared to their
peers. In addition, they scored 1.9 points lower for the dimension
“family”.

Several QoL differences between the two study populations
were observed for the subgroups with self-reported mental health
problems (defined as abnormal classified SDQ) total difficulties
score) in the univariable and M2.1 analyses (Figure 1 and Table 3).
However, according to the M2.2, compared to the reference group
with mental health problems, diabetic patients with mental health
problems reported lower scores only in the dimensions “physical
well-being” (—16.7 points) and “family” (—11.1 points), and also
for total QoL (—8.1 points).

The patients whose caregivers had not reported mental health
problems for their children rated on average 4.0 points higher for
“self-esteem”, 3.1 points higher for “school”, and 2.6 points lower
for “family” than their peers from the KiGGS (Figure 2 and
Table 4). The QoL of adolescents with type 1 diabetes and proxy-
reported mental health problems did not differ significantly from
the QoL of peers with proxy-reported mental health problems
according to the M2.2, although the univariable and M2.1
analyses indicated several differences.

Discussion

In this study, the frequency of mental health problems and their
associations with QoL were analyzed in adolescents with early-
onset and long-duration type 1 diabetes and compared with peers
from the general population. The observed differences between
the two study populations regarding the frequency of mental
health problems were dependent on the respondent, but were
generally minor (first research question): few adolescents with
early-onset and long-lasting type 1 diabetes reported abnormal
total difficulties and abnormal prosocial behavior (each less than
5%). The proportions were slightly higher than the prevalence of
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mental health problems in the general population. The proxy
reports pointed to a lower proportion of adolescents with
abnormal hyperactivity-inattention in the diabetes study than in
the general population.

Comparison with previous literature

Even though the findings are plausible in the context of previous
research [5-10], one has to keep in mind the large methodological
differences between studies. Results are probably highly dependent
on sample characteristics, applied screening instruments, and
statistical methods. All previous studies that compared adolescents
with and without type 1 diabetes on indices of mental health
problems had in common that the sample size was quite small,
with less than 150 participants in the patient group. This might
explain the fact that no [5,6,8,9] or only two [7] to three [10]
confounding factors were considered in these studies. However, it
1s known that there exists a strong association between
demographic factors (e.g., age, sex, socioeconomic factors,
migration) and mental health [27,36-39].

Implications

The observed associations between mental health problems and
QoL (second research question) were partially distinct, but
depended on the respondent and the statistical model used: based
on self-reports, the QoL of adolescents with type 1 diabetes and
mental health problems was more severely impaired than was the
case in the general population with mental health problems (total
score, dimensions “physical well-being” and “family” in the fully
adjusted model). However, according to the proxy reports, such
differences could not be observed after adjustment for confound-
ing factors. Differences between self- and parent-rated SDQ have
been observed before in a representative sample [40] and a clinical
setting [29]. The authors concluded that the informant source of
the mental health problem modifies the estimations, because a
subject can be looked at from different perspectives. Usually, the
use of mental health services and treatment decisions depends on
parent-reports. However, the differences in perceptions should be
taken into account so that the young patients receive the help they
really need [40].

As far as we know, there have been no previous reports of more
severe QoL impairments among adolescents with type 1 diabetes
and mental health problems than among peers from the general
population with mental health problems. This raises the question
of whether the observed differences are of clinical importance. In
absence of more specific information for the KINDL-R, we base
our decision on clinical relevance of observed differences on the
0.5 SD default value as proposed by Norman et al for QoL
measures used in patients with chronic diseases [41]. The
differences between the diabetes study and the normative sample
were higher than 0.5 SD of the normative sample for total QoL
(] —8.1] >6.4) and QoL in the dimensions “physical well-being”
(]1—16.7] >9.7) and “family” (| —11.1| >10.6) among adoles-
cents with self-reported mental health problems (Table 3). Thus,
we conclude that only these differences are of clinical importance.
The observed differences between the study populations without
mental health problems are probably not clinically relevant,
because the average differences were below the 0.5 SD default
value.

Limitations

This study has some limitations. A general limitation of our
analysis is that the cross-sectional design prevents any inferences
about causality. In addition, the SDQ) is a screening tool for
mental health problems, but it is not suitable for diagnosing
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psychiatric disorders. Although the SDQ is a widely used tool,
there is still ongoing controversy on methodological issues. It has
been suggested that using the broader internalizing dimension
(covering emotional and peer items) and externalizing dimension
(including behavioral and hyperactivity items) may be more
appropriate for low-risk epidemiological samples. In addition,
population-specific SDQ norms have been recommended [42].
We retained the original subscales because the five-dimensional
model was supported in Germany. Additionally, we used the UK
norms because German norms have not yet been established for
SDQ  self-reports [27,28]. A further limitation is that the
generalizability of our findings might be limited due to selection
bias. An indication of this is that the patient group differed
significantly from the representative sample with respect to some
demographic factors. We therefore considered all of these factors
as potential confounders when comparing the patient group with
the representative sample. Nonetheless, there might be relevant
methodological differences between the two studies for which we
could not adjust. One might expect that patients with better
glycemic control were more prone to participation. However, the
mean reported HbAlc of our sample (HbAlc 8.3%) was no better
than the mean HbAlc documented in a large database of patients
with type 1 diabetes in Germany in the year 2009 (N = 30,708, age
<20 years, diabetes duration >2 years, HbAlc 8.1%) [3].

Despite these limitations, there are a number of strengths of this
study. In order to focus on a patient group of special concern, the
analyses were based on a population-based cohort with a type 1
diabetes onset during the first five years of life. The patients were
mntensely treated, and therefore reflect current diabetes care in
Germany [3]. Reference data came from the KiGGS which is
representative of the general population in Germany. Since
comprehensive individual data for patients and KiGGS partici-
pants were available, extensive statistical analyses were performed
and adjusted for demographic and health-related factors. Mental
health, QoL, and confounding factors were assessed with the same
questions in the diabetes study as in the KiGGS to achieve
maximum comparability. Mental health was assessed by a
standardized, validated screening tool with two different informant
sources whereby the importance of the self- and proxy reports
were considered equally. This enabled us to shed light on the
differences in perceptions, which can be important for treatment
decisions. Only youths with abnormally high symptom scores were
regarded as having mental health problems in order to provide a
conservative estimate.

Conclusions

The results of this study offer insights into the mental health of
11- to 17-year-olds with early-onset and long-duration type 1
diabetes which are relevant for clinical practice. Only a minority of
patients was screened positive for mental health problems.
However, these patients rated their own QoL significantly lower
than one would expect from observations in the general
population. All those who are engaged in diabetes care should
be aware of this association between mental health and QolL.
Patients with a high risk of mental health problems, and their
parents, might profit from intensified psychosocial support as part
of pediatric diabetes care at an early stage in order to prevent the
emergence of more serious problems. Thus, early prevention and
intervention as part of long-term pediatric diabetes care is
recommended for patients at risk of severely impaired QoL.

March 2014 | Volume 9 | Issue 3 | €92473



Acknowledgments

The authors are indebted to all the adolescents and their families and
health care providers whose participation made this study possible.

References

1.

2.

20.

21.

22.

Speight J (2013) Managing diabetes and preventing complications: what makes
the difference? Med J Aust 198: 16-17.

Kulzer B, Albus C, Herpertz S, Kruse J, Lange K, et al. (2013) Psychosoziales
und Diabetes (Teil 1): S2-Leitlinie Psychosoziales und Diabetes — Langfassung.
Diabetologie 8: 198-242.

. Rosenbauer J, Dost A, Karges B, Hungele A, Stahl A, et al. (2012) Improved

Metabolic Control in Children and Adolescents With Type 1 Diabetes: A trend
analysis using prospective multicenter data from Germany and Austria. Diabetes
Care 35: 80-86.

. Bernstein CM, Stockwell MS, Gallagher MP, Rosenthal SL, Soren K (2013)

Mental Health Issues in Adolescents and Young Adults With Type 1 Diabetes:
Prevalence and Impact on Glycemic Control. Clinical Pediatrics 52: 10-15.

. Moore SM, Hackworth NJ, Hamilton VE, Northam EP, Cameron FJ (2013)

Adolescents with type 1 diabetes: parental perceptions of child health and family
functioning and their relationship to adolescent metabolic control. Health Qual
Life Outcomes 11: 50.

. Wake M, Hesketh K, Cameron F (2000) The Child Health Questionnaire in

children with diabetes: cross-sectional survey of parent and adolescent-reported
functional health status. Diabetic Medicine 17: 700-707.

. Northam EA, Lin A, Finch S, Werther GA, Cameron FJ (2010) Psychosocial

Well-Being and Functional Outcomes in Youth With Type 1 Diabetes 12 years
After Disease Onset. Diabetes Care 33: 1430-1437.

. de Wit M, Delemarre-van de Waal HA, Bokma JA, Haasnoot K, Houdijk MC,

et al. (2007) Self-report and parent-report of physical and psychosocial well-
being in Dutch adolescents with type 1 diabetes in relation to glycemic control.
Health Qual Life Outcomes 5: 10.

. Graue M, Wentzel-Larsen T, Hanestad BR, Batsvik B, Sovik O (2003)

Measuring self-reported, health-related, quality of life in adolescents with type 1
diabetes using both generic and disease-specific instruments. Acta Paediatr 92:
1190-1196.

. Helgeson VS, Snyder PR, Escobar O, Siminerio L, Becker D (2007)

Comparison of adolescents with and without diabetes on indices of psychosocial
functioning for three years. J Pediatr Psychol 32: 794-806.

. Patterson CC, Dahlquist GG, Gyiirtis E, Green A, Soltész G (2009) Incidence

trends for childhood type 1 diabetes in Europe during 1989-2003 and predicted
new cases 2005-20: a multicentre prospective registration study. The Lancet
373: 2027-2033.

. Persson S, Dahlquist G, Gerdtham UG, Steen Carlsson K (2013) Impact of

childhood-onset type 1 diabetes on schooling: a population-based register study.
Diabetologia 56: 1254-1262.

Salardi S, Porta M, Maltoni G, Rubbi F, Rovere S, et al. on behalf of the
Diabetes Study Group of the Italian Society of Paediatric Endocrinology and
Diabetology (ISPED) (2012) Infant and Toddler Type 1 Diabetes: Complications
after 20 years’ duration. Diabetes Care 35: 829-833.

. Marzelli MJ, Mazaika PK, Barnea-Goraly N, Hershey T, Tsalikian E, et al. for

the Diabetes Research in Children Network (DirecNet) (2013) Neuroanatomical
correlates of dysglycemia in young children with type 1 diabetes mellitus.
Diabetes 63: 343-353.

. Ravens-Sieberer U, Wille N, Erhart M, Bettge S, Wittchen HU, et al. (2008)

Prevalence of mental health problems among children and adolescents in
Germany: results of the BELLA study within the National Health Interview and
Examination Survey. Eur Child Adolesc Psychiatry 17 Suppl 1: 22-33.

. Bot M, de Lecuw den Bouter BJE, Adriaanse MC (2011) Prevalence of

psychosocial problems in Dutch children aged 8-12 years and its association
with risk factors and quality of life. Epidemiol Psychiatr Sci 20: 357-365.

. Rajmil L, Palacio-Vieira J, Herdman M, Lopez-Aguila S, Villalonga-Olives E, et

al. (2009) Effect on Health-related Quality of Life of changes in mental health in
children and adolescents. Health and Quality of Life Outcomes 7: 103.
Stevanovic D (2012) Impact of emotional and behavioral symptoms on quality of
life in children and adolescents. Qual Life Res 22: 333-337.

. Delamater AM (2009) Psychological care of children and adolescents with

diabetes. Pediatr Diabetes 10 Suppl 12: 175-184.

Stahl A, Strapburger K, Lange K, Bachle C, Holl RW, et al. (2012) Health-
Related Quality of Life Among German Youths With Early-Onset and Long-
Duration Type 1 Diabetes. Diabetes Care 35: 1736-1742.

Stahl-Pehe A, Strapburger K, Castillo K, Bachle C, Holl RW, et al. (2013)
Quality of life in intensively treated youths with early-onset type 1 diabetes: a
population-based survey. Pediatric Diabetes. doi: 10.1111/pedi.12096.

Kurth BM, Kamtsiuris P, Holling H, Schlaud M, Dolle R, et al. (2008) The
challenge of comprehensively mapping children’s health in a nation-wide health
survey: design of the German KiGGS-Study. BMC Public Health 8: 196.

PLOS ONE | www.plosone.org

Mental Health Problems among Adolescents with Type 1 Diabetes

Author Contributions

Analyzed the data: JR AS. Wrote the paper: AS. Discussed the results and
commented on the manuscript: K. CB KC RWH JR.

23.

24.

26.

27.

28.

29.

30.

31.

33.

34.

36.

37.

38.

39.

40.

41.

Goodman R, Meltzer H, Bailey V (1998) The Strengths and Difficulties
Questionnaire: a pilot study on the validity of the self-report version. Eur Child
Adolesc Psychiatry 7: 125-130.

Goodman R, Ford T, Simmons H, Gatward R, Meltzer H (2000) Using the
Strengths and Difficulties Questionnaire (SDQ) to screen for child psychiatric
disorders in a community sample. Br J Psychiatry 177: 534-539.

Goodman R, Youth in Mind (2012 October) SDQ Scoring Instructions English
(UK). www.sdqinfo.com/py/sdqinfo/b3.py?language = Englishqz(UK).

Essau CA, Olaya B, Anastassiou-Hadjicharalambous X, Pauli G, Gilvarry C, et
al. (2012) Psychometric properties of the Strength and Difficulties Questionnaire
from five European countries. Int J Methods Psychiatr Res 21: 232-245.
Rothenberger A, Becker A, Erhart M, Wille N, Ravens-Sieberer U (2008)
Psychometric properties of the parent strengths and difficulties questionnaire in
the general population of German children and adolescents: results of the
BELLA study. Eur Child Adolesc Psychiatry 17: 99-105.

Becker A, Woerner W, Hasselhorn M, Banaschewski T, Rothenberger A (2004)
Validation of the parent and teacher SDQ in a clinical sample. Eur Child
Adolesc Psychiatry 13: 1I/11-11/16.

Becker A, Hagenberg N, Roessner V, Woerner W, Rothenberger A (2004)
Evaluation of the self-reported SDQ in a clinical setting: do self-reports tell us
more than ratings by adult informants? Eur Child Adolesc Psychiatry 13 Suppl
2: 11/17-11/24.

Ravens-Sieberer U, Bullinger M (1998) Assessing health-related quality of life in
chronically ill children with the German KINDL: first psychometric and content
analytical results. Qual Life Res 7: 399-407.

Bullinger M, Brutt AL, Erhart M, Ravens-Sieberer U (2008) Psychometric
properties of the KINDL-R questionnaire: results of the BELLA study. Eur
Child Adolesc Psychiatry 17 Suppl 1: 125-132.

. Erhart M, Ellert U, Kurth BM, Ravens-Sieberer U (2009) Measuring

adolescents’” HRQoL via self reports and parent proxy reports: an evaluation
of the psychometric properties of both versions of the KINDL-R instrument.
Health Qual Life Outcomes 7: 77.

Lange M, Kamtsiuris P, Lange C, Schaffrath Rosario A, Stolzenberg H, et al.
(2007) Messung soziodemographischer Merkmale im Kinder- und Jugendge-
sundheitssurvey (KiGGS) und ihre Bedeutung am Beispiel der Einschitzung des
allgemeinen Gesundheitszustands. Bundesgesundheitsblatt Gesundheits-
forschung Gesundheitsschutz 50: 578-589.

Kromeyer-Hauschild K, Wabitsch M, Kunze D, Geller F, Geif C, et al. (2001)
Perzentile fir den Body-mass-Index fiir das Kindes- und Jugendalter unter
Heranziehung verschiedener deutscher Stichproben. Monatsschr Kinderheilkd
8: 807-818.

. Kamtsiuris P, Lange M, Schaffrath Rosario A (2007) Der Kinder- und
Jugendgesundheitssurvey (KiGGS): Stichprobendesign, Response und Nonre-

sponse-Analyse. Bundesgesundheitsblatt Gesundheitsforschung Gesund-
heitsschutz 50: 547-556.

Holling H, Kurth BM, Rothenberger A, Becker A, Schlack R (2008) Assessing
psychopathological problems of children and adolescents from 3 to 17 years in a
nationwide representative sample: results of the German health interview and
examination survey for children and adolescents (KiGGS). Eur Child Adolesc
Psychiatry 17 Suppl 1: 34-41.

Helm D, Laussmann D, Eis D (2010) Assessment of environmental and socio—
economic stress. Cent Eur J Public Health 18: 3-7.

Perna L, Bolte G, Mayrhofer H, Spies G, Mielck A (2010) The impact of the
social environment on children’s mental health in a prosperous city: an analysis
with data from the city of Munich. BMC Public Health 10: 199.

Boe T, Overland S, Lundervold AJ, Hysing M (2011) Socioeconomic status and
children’s mental health: results from the Bergen Child Study. Social Psychiatry
and Psychiatric Epidemiology 47: 1557-1566.

Olives EV, Forero CG, Maydeu-Olivares A, Almansa J, Palacio Vieira JA, et al.
(2012) Environmental risk and protective factors of adolescents’ and youths’
mental health: differences between parents’ appraisal and self-reports. Qual Life
Res 22: 613-622.

Norman GR, Sloan JA, Wyrwich KW (2003) Interpretation of changes in
health-related quality of life: the remarkable universality of half a standard
deviation. Med Care 41: 582-592.

. Achenbach TM, Rescorla LA, Ivanova MY (2012) International Epidemiology

of Child and Adolescent Psychopathology I: Diagnoses, Dimensions, and
Conceptual Issues. J] Am Acad Child Adolesc Psychiatr 51: 1261-1272.

March 2014 | Volume 9 | Issue 3 | €92473



