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D ia b ete s M ellit us : an um brella term
Diabetes mellitus describes a group of heterogeneous metabolic conditions characterized by
a high blood glucose level (i.e. hyperglycemia) due to deficiency of insulin secretion and/or
decreased insulin action (sensitivity) at peripheral tissues.1 Insulin is a hormone produced in
the β-cells of the pancreas and is vital for the metabolism of ingested carbohydrates and thereby
for regulating glucose. There are four main categories of diabetes.1
* Type 1 diabetes: In type 1 diabetes (T1D), hyperglycemia is caused by an absolute insulin
deficiency. T1D can occur at any age, but is mostly diagnosed in childhood and generally
presents with severe acute symptoms of hyperglycemia such as increased thirst and frequent
urination, sudden unintended weight loss, fatigue and blurred vision.1 The absolute deficiency
of insulin creates an imminent death when not treated timely.
* Type 2 diabetes: Type 2 diabetes (T2D) accounts for 90% of diabetes cases and often shows a
gradual onset, meaning it can go unnoticed and undiagnosed for years. In T2D, hyperglycemia
results from a combination of diminished insulin sensitivity and an insufficient compensatory
insulin secretory response. T2D mostly develops in middle aged and older adults, although the
number of children and young adults diagnosed with T2D is rising. Apart from a hereditary
component, lifestyle behaviors (i.e. sedentariness or unhealthy diet) and obesity increase the
risk for the development and progression of the condition.1
* Gestational diabetes: Gestational diabetes entails high blood glucose levels during pregnancy,
not attributable to (preexisting) type 1, type 2, or other specific types of diabetes, and occurs
in 1-14% of pregnancies.1
* Other types: This category describes diabetes caused by other factors (e.g. monogenetic defects
in β-cell function, genetic defects in insulin action, secondary diabetes due medications or to
pancreatic surgery).1

A c l os e r lo o k at t ype 1 diabetes
Even though T1D accounts for merely 5-10% of diabetes cases, the economic costs in terms of
medical care and lost income per person are markedly higher for T1D than for T2D.2,3
Worldwide, more than a million young people under 20 years old have T1D and an estimated
132.000 more will develop the condition annually.4 The exact prevalence of T1D among children
and adolescents in The Netherlands is as yet unclear as the national registry of people with
diabetes (Dutch Pediatric and Adult Registration of Diabetes [DPARD]) is currently in development
and not yet in place.5 Relying on estimations, approximately 6.700 Dutch children and
adolescents under the age of 18 have T1D.4,6 As national and global trends predict an increase
in incidence, more and more young people and their families will be affected by this condition.7-9
In T1D, the absolute insulin deficiency, which causes hyperglycemia, was long thought to be
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caused by an error of the immune system leading to the destruction or deactivation of insulin
producing β-cells in the pancreas.10 More recently, research has indicated that the primary
problem resides within the β-cells themselves.11 β-Cells under stress can produce erroneous
peptides, which are not recognized as self and induce a hostile autoimmune response.11
Although studies suggests that people with T1D still have “hibernating” or “hiding” β-cells even
many years after diagnosis,12 a curative treatment for T1D is not yet within reach.13
The exact cause of T1D may not yet be fully understood,10,14 but the consequences of the
condition are clear. Without insulin, glucose cannot be transported into body cells to be
converted into energy. As a result, blood glucose level remains high, and with the lack of energy
sources within cells, counterregulatory hormones (e.g. glucagon and catecholamines) are
released, leading to wasting of fat and protein and further increasing the blood glucose levels.15
Moreover, when prolonged, this process induces severe loss of fluids as well as the release of
ketone bodies which, untreated, could lead to potentially fatal diabetic ketoacidosis (DKA).
Therefore, exogenous insulin treatment is immediately required after diagnosis of T1D.16

Treat ment of t ype 1 diabetes
One of the short-term treatment goals of T1D is to avoid acute complications by keeping blood
glucose levels within optimal range. Very high blood glucose levels should be avoided given
the risk of DKA, but very low blood glucose levels can be harmful as well. Severe hypoglycemia
is a state in which blood glucose levels have fallen dangerously low, causing severe cognitive
impairment and requiring immediate assistance of another person to treat the hypoglycemia. 17
Without urgent treatment, severe hypoglycemia may lead to convulsions, coma, and even
death.17 Furthermore, out-of-range blood glucose values may affect the brain which is in rapid
development during childhood and adolescence,18 leaving them at risk for developing cognitive
difficulties possibly hindering their academic performance.19 In several domains, such as
learning skills and executive function, youth with T1D perform worse than children without
diabetes.20,21
Keeping blood glucose levels within optimal range is also crucial in terms of long-term healthoutcomes. Prolonged hyperglycemia has been associated with damage to small blood vessels
(microvascular complications, e.g. nephropathy, retinopathy, and neuropathy) and large blood
vessels (macrovascular complications, i.e. cardiovascular disease).22,23 To gauge longer-term
glycemic outcome and the risk of future complications, glycated hemoglobin A1c (HbA1c) is
measured at clinic visits once every three months. HbA1c represents average glycation in the
past three months.24 Studies have shown that lowering HbA1c is beneficial in delaying the onset
or progression of micro- and macrovascular complications,22,23 making it an important evaluation
parameter in diabetes care. For children and adolescents, the American Diabetes Association
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recommends Hba1c <7.5%/ 58 mmol/mol.25 As of recently, the International Society of Pediatric
and Adolescent Diabetes have lowered their recommended glycemic target value to <7.0%/ 53
mmol/mol.26 However, striving for optimal HbA1c must be weighed against the increasing risk
for severe hypoglycemia when lower glucose levels are aimed and the consequences of intensive
treatment for the quality of life of children and adolescents with T1D and their families.26
Indeed, T1D affects more than just the physical wellbeing of the young person with T1D. 27
Diabetes care tasks, symptoms of hypo- (shakiness, sweating, paleness, palpitation, poor
concentration, dizziness) and hyperglycemia, and diabetes-related worries 28 may interfere with
all life domains, including family, school, hobby’s, social contacts, and self-image.27 Therefore,
how the child or adolescent is doing in terms of intellectual, emotional, and social development
should be regularly assessed as well.27 Ideally, families with T1D and their diabetes care team
(i.e. a pediatrician or endocrinologist, diabetes nurse, and on indication a dietician, social
worker, and psychologist) come to balanced treatment agreements in which all domains are
considered. However, the day-to-day implementation of these treatment agreements relies on
self-management and therefore on families themselves.

D ia b ete s self-m anagem ent
At diagnosis, a structured diabetes education program is provided to families with T1D aiming
to help them master the many different facets of the condition and its treatment, including
diabetes self-care and day-to-day problem solving skills.29,30
To achieve optimal short- and long-term glycemic outcome, T1D requires a demanding self-care
regimen aiming to keep blood glucose levels as much as possible within normal range and
mimic normal physiological patterns.16,26 Direct regimen tasks consist of self-monitoring of blood
glucose levels four to ten times a day,26 counting carbohydrate intake, and taking into account
other factors such as physical exertion, stress and illness, to optimally time and self-administer
the right dose of exogenous insulin. Insulin is administered by the child or adolescent, or their
parent through multiple daily injections (MDI) or by continuous subcutaneous insulin infusion
(CSII, i.e. insulin-pump therapy).
Even when a person with T1D is doing everything one can do in terms of diabetes self-care at
the most optimal time (which in itself can be considered a superhuman skill, given the myriad
of factors that affect blood glucose levels)31 and even with the help of technological advances
in glucose-measurement and insulin-delivery methods, (unexpected) out-of-range blood
glucose levels and acute complications can still occur, contributing to the burden of diabetes.
Diabetes self-management clearly demands broad knowledge, practical skills, cognitive abilities
(including counting, planning and flexibility), and regulation of emotions such as frustration or
sadness.29 Therefore, when children with T1D are young, parents are mainly responsible for the
diabetes tasks. As children grow older, the responsibility gradually shifts from parents to the
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youngster with T1D. 32,33 By adolescence, youth with type 1 diabetes are generally expected to
be at least partially responsible for their own diabetes management.33

Ch a l l enges in ado les cence
Adolescence is the developmental period following childhood and preceding emerging
adulthood. During adolescence, teens experience hormonal and physical (usually referred to
as physiological puberty), as well as psychosocial changes.34 Developmental tasks include
managing these biological changes, developing a strong sense of identity, and developing a
sense of self for the future with regard to e.g. higher education, social issues, and work.33 As
adolescents strive for more independence, parental influence is re-negotiated 35 and peer
influence increases.36 Adolescence is a particularly difficult period with regards to glycemic
outcomes, illustrated by the fact that only one-in-five adolescents with T1D achieve an HbA1c
<7.5%/58 mmol/mol.37 The importance of early optimal HbA1c is shown to be beneficial for
long-term outcomes,38 even when optimal values are not sustained over time.22 The deterioration
of HbA1c during adolescence39 is partly due to decreased insulin sensitivity caused by puberty,
40
but can also partly be attributed to suboptimal diabetes self-management as a result of
conflict with the developmental tasks of adolescence or related to treatable psychological
problems.
Most adolescents in the general population navigate through this challenging developmental
phase without serious mental health problems, but approximately one in five adolescents
develop a psychiatric disorder.41 Almost half of all lifetime psychiatric disorders have started by
the mid-teenage years, and three-fourth have started by the age of 24.42 Given that disorders
during adolescence are associated with future mental health problems 43-45 and adverse
economic outcomes later in life,43 timely recognition and treatment of disorders during
adolescence may alleviate current and future impairment.46
Depression and anxiety are among the most common mental health problems in adolescence.47
In a nationwide questionnaire survey in the Netherlands, one-in-five high school students (aged
12 to 16 years old) reported elevated internalizing symptoms, such as mood and anxiety
problems.48 In addition, the population-based Dutch TRacking Adolescents’ Individual Lives
Survey (TRAILS) found that 19-year-olds had a 12-month prevalence of 12% for mood disorders
and 18% for anxiety disorders.49 Adolescents with T1D face the additional challenge of balancing
their developmental tasks with their (often conflicting) diabetes treatment 50,51 possibly
augmenting their psychological risk in an already vulnerable state.
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Ty p e 1 diabetes in ado les cence: Double troub le?
Previous systematic reviews have reported conflicting results on whether T1D increases risk of
psychological difficulties. While Grey et al. (2002) reported that adolescents with T1D have an
up to three-fold greater prevalence of depression than youth without diabetes, 52 Johnson et
al. (2012) suggested the evidence was inconclusive.53 Reynolds and Helgeson (2011) also found
that children with T1D were more likely to have psychological difficulties than children without
a chronic condition, but that the differences were of small to medium size.54 Nevertheless,
Buchberger et al. (2016) reported a high prevalence of elevated depressive symptoms (30%)
and anxiety symptoms (32%) in youth with T1D, indicating that a considerable group of youth
with T1D might be struggling with emotional problems.55
These studies are, however, mainly based on self-report symptom checklists, while a clinical
interview with a psychiatrist/psychologist is the gold standard establishing a mood or anxiety
disorder. A (semi-)structured diagnostic interview approaches the gold standard better than
short self-report questionnaires. Previous studies that have used a diagnostic interview,
however, have other methodological limitations such as a small sample size (n<100),56-59 they
have been conducted over 20 years ago,56,57 or were carried out outside of Europe.57,58 Two recent
large European studies did estimate the prevalence of diagnosed disorders in T1D, but reported
overall estimates for young people (i.e. adolescents combined with children or young adults)
rather than adolescent-specific estimates and focused on diverging time frames. In an Austrian
sample of 322 youth (10-22 year olds) with T1D lifetime rates of 15.8% for anxiety disorders,
8.4% for depression, and 0.9% for dysthymia were reported.60 A Polish study reported a pointprevalence of 15.5% for anxiety disorder and 3.9% for mood disorders in 207 youth (aged 8-18
years old) with T1D.61
In terms of diabetes outcomes, the presence of psychiatric problems in adolescents has been
related to higher HbA1c.61 A systematic review concluded that symptoms of depression and
anxiety are also associated with higher HbA1c, but the authors also noted that the studies
included in the review were generally methodologically weak due to for example selection bias
and inferior (cross-sectional and non-blinded) design.55 Large-scale, well-designed prospective
studies are needed to gain more insight in the complex interrelation between depression and
anxiety on the one hand, and diabetes outcomes on the other. The few existing longitudinal
studies reported that depressive symptoms predicted suboptimal HbA1c 6 months 62,63 and four
years later.64 Anxiety symptoms were related to higher HbA1c one year later.65
In these previous studies, glycemic outcomes have most often been expressed as HbA1c. Clearly,
HbA1c is an important parameter in assessing risk of long-term complications, but other
parameters are becoming increasingly important 66,67 as HbA1c has its restrictions. 68 HbA1c reflects
an average glycation, thereby obscuring episodes of hyper- and hypoglycemia. Moreover, people
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with similar glucose profile may have different HbA1c’s due to metabolic and genetic differences
in glycosylation. In order to comprehensively measure and compare glucose regulation, four
additional parameters are now part of international consensus on glucose regulation:
hypoglycemia, hyperglycemia, time-in-range, and severe dysregulations (i.e. DKA or acute
admissions).69 Moreover, patient-reported outcomes, such as quality of life, have been adapted
in the consensus as a priority as well.69 Owing to advances in glucose monitoring technologies,
intraday patterns and extremes have become visible that would otherwise have remained
masked when merely focusing on HbA1c.70 Targeting glucose variability (i.e. the amplitude and
timing of blood glucose fluctuations)71 is therefore becoming an additional treatment parameter.
While the amplitude can give insight in how far out-of-range the blood glucose has veered, data
on blood glucose fluctuations can elucidate the time spent out-of-range. Both facets of glucose
variability seem to contribute to hyper- and hypoglycemia risk.70 Prior studies have reported
that glucose variability is an independent predictor of episodes of hypoglycemia.72 Furthermore,
glucose variability has been associated with lower quality of life and negative moods in women
with T2D.73 In adults with T1D, glucose variability was not significantly associated with mood
rating, while high blood glucose levels were associated with decreased positive mood, although
this was a 48-hour study.74 In adolescents with T1D, glucose variability has been associated with
increased inflammation,75 which might in turn contribute to the development of depression.76,77
Whether glucose variability is indeed of importance for emotional well-being or vice versa has
not been assessed in adolescents with T1D.

U n ta ngling t he web: A bio psyc hosoc ial ap p roac h
To better understand emotional problems in the context of type 1 diabetes, an integrative
biopsychosocial approach of health can be applied.78 The biopsychosocial perspective allows
for the incorporation of characteristics of the adolescent with T1D, his/her environment, and
T1D parameters when examining emotional problems. Similarly, biopsychosocial aspects that
may be related to glycemic parameters can be assessed.
Previous research has suggested that characteristics of the adolescent and T1D that may be of
importance for emotional distress include older age,79 female sex,79-81 ethnic minority status,82
longer disease duration,79,82 suboptimal following of treatment recommendations,80 and higher
HbA1c. 80,83 Furthermore, higher adolescent diabetes distress (i.e. distress regarding life with T1D)
has been related to increased depressive symptoms.84 Despite adolescence being characterized
by gaining independence, parents remain important in adolescent wellbeing. 85 Parental
emotional distress has infrequently been addressed in relation to adolescent emotional distress,
even though research in the general population has suggested parental depression to be
predictive of emotional problems in their children.86,87 Several explaining mechanisms have
been proposed for this association (i.e. shared biological sensitivity or psychological
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mechanisms,88,89 such as parents being inadequate social partners for their children, or children
“social modeling” their parents’ negative cognitions, behaviors, and affect.90 However, this body
of research has focused solely on the effects of maternal depression.90 In addition to child mental
health, parental depression and/or anxiety could also affect glycemic outcomes, as parental
diabetes problem-solving abilities 91 and their ability to support adolescents with their diabetes
management 92 could be affected. Parental involvement remains an important factor in
adolescent diabetes outcomes as greater perceived caregiver responsibility has been associated
with more frequent blood glucose monitoring. 93 Shared responsibility over diabetes self-care
has been related to a smaller deterioration of HbA1c, 94 while parental warmth and authoritative
parenting have been related to lower HbA1c. 95,96 These findings advocate the adoption of the
biopsychosocial model when addressing adolescent (mental and physical) health.

Ca re fo r ado les cents wit h anxiety and /or d ep ression:
Wh e re do we stand?
To ensure that appropriate mental health care is accessible to those with care needs, it is
important have a clear picture of these needs and to establish how the care is organized or
provided. ISPAD guidelines advise psychosocial screening, shortly after diagnosis and routinely
(i.e. at least annually).97 Whether screening indeed leads to better recognition of depression
and anxiety and the clinical implications of screening detected anxiety and/or depression
warrants more attention. In adults with diabetes, depression screening alone is not enough to
improve depressive symptoms, and more intensive depression management may be needed
to achieve change.98 Moreover, a closer look at the severity and the content of emotional distress
in adolescents with T1D is needed to facilitate appropriate intervention.99 Anxiety and mood
disorders may warrant a different approach than anxiety and depressive symptoms, while
diabetes distress could easily be confused with all the former.99,100 Furthermore, the presence
of flagged emotional problems does not necessarily indicate that the person with diabetes
perceives or experiences a need for a referral for further mental health care services.101 Attitudes
towards and the experienced need for mental health care on the side of the adolescent, 102 his/
her parents,103 and health care providers (including whether they feel confident in addressing
psychosocial issues),104 could play a role in deciding the course of action. Surprisingly, what
happens after flagging emotional problems in adolescents with T1D and how subsequent caredecisions in clinical practice are made, has been understudied.

A im a n d o ut line of t h e dis s ertation
Pioneering work has been done in the field of pediatric psychosocial diabetes research, but as
previously outlined several lapses in knowledge still need to be addressed. The overall aim of
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Figure 1. Overview of the dissertation
Note: Definitions are based on DSM-IV-TR
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this dissertation is to contribute to early recognition and appropriate treatment of anxiety and
depression in adolescents with T1D by examining the prevalence and course of these emotional
problems, their risk factors, the relation with diabetes outcomes, and current care trajectories.
First, Chapter 2 describes a systematic review of the existing literature to: i) determine the
prevalence and severity of anxiety and depression in adolescents with T1D, ii) compare these
figures to those of peers without diabetes, iii) assess associations of anxiety and depression
with HbA1c in adolescents with T1D. Secondly, as the remainder of this dissertation is based on
data collected in the ongoing Longitudinal study of Emotional problems in Adolescents with
type 1 diabetes and their Parents/caregivers (Diabetes LEAP), the design of this prospective
study with three yearly assessments is described in Chapter 3. Using cross-sectional baseline
data from Diabetes LEAP, Chapter 4 assesses the prevalence of anxiety and mood disorders in
Dutch adolescents with T1D and explores biopsychosocial correlates of symptom severity.
Chapter 5 prospectively examines associations between parental emotional distress and oneyear adolescent outcomes (i.e. symptoms of anxiety and depression; HbA1c), and whether the
association between parental emotional distress and HbA1c is mediated by the division of
diabetes care responsibilities in families and treatment behaviors. Adopting a broader view on
glycemic outcomes, Chapter 6 characterizes glycemic variability and examines whether these
parameters are related to symptoms of anxiety and/or depression in adolescents with T1D. In
Chapter 7, the trajectories of psychological care for “screening detected” (i.e. based on a
structured diagnostic interview excluding clinician’s judgments) anxiety and mood disorders
in adolescents with T1D are evaluated. In the general discussion (Chapter 8), the main findings
of chapters 2 through 7 are summarized and discussed, and implications for future research
and clinical practice are presented.

16

GENERAL INTRODUCTION

1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

American Diabetes Association. Diagnosis and Classification of Diabetes Mellitus. Diabetes Care. 2014;37(Supplement
1):S81-S90.
Dall T, Edge Mann S, Zhang Y, et al. Distinguishing the Economic Costs Associated with Type 1 and Type 2 Diabetes. Popul
Health Manag. 2009;12(2):103-110.
Tao B, Pietropaolo M, Atkinson M, Schatz D, Taylor D. Estimating the cost of type 1 diabetes in the U.S.: a propensity score
matching method. PLoS One. 2010;5(7):e11501-e11501.
International Diabetes Foundation. IDF Diabetes Atlas, 8th edn. In: Brussels, Belgium2017.
Centrum gezondheid en Maatschappij & Rijksintituut voor Volksgezondheid en Milieu. Landelijke registratie van mensen
met diabetes type 1. https://bronnen.zorggegevens.nl/Bron?naam=Dutch-Pediatric-and-Adult-Registration-of-Diabetes.
Dutch Diabetes Research Foundation. Diabetes in Cijfers. https://www.diabetesfonds.nl/over-diabetes/diabetes-in-hetalgemeen/diabetes-in-cijfers.
Fazeli Farsani S, Souverein PC, Vorst MMJ, et al. Increasing trends in the incidence and prevalence rates of type 1 diabetes
among children and adolescents in the Netherlands. Pediatr Diabetes. 2016;17(1):44-52.
Patterson C, Guariguata L, Dahlquist G, Soltész G, Ogle G, Silink M. Diabetes in the young - a global view and worldwide
estimates of numbers of children with type 1 diabetes. Diabetes Res Clin Pract.103(2):161-175.
Patterson CC, Dahlquist GG, Gyürüs E, Green A, Soltész G. Incidence trends for childhood type 1 diabetes in Europe during
1989–2003 and predicted new cases 2005–20: a multicentre prospective registration study. Lancet. 2009;373(9680):20272033.
Atkinson MA, Eisenbarth GS. Type 1 diabetes: new perspectives on disease pathogenesis and treatment. Lancet.
2001;358(9277):221-229.
Kracht MJL, van Lummel M, Nikolic T, et al. Autoimmunity against a defective ribosomal insulin gene product in type 1
diabetes. Nat Med. 2017;23:501.
Oram RA, Jones AG, Besser REJ, et al. The majority of patients with long-duration type 1 diabetes are insulin microsecretors
and have functioning beta cells. Diabetologia. 2014;57(1):187-191.
Skyler JS. Hope vs hype: where are we in type 1 diabetes? Diabetologia. 2018;61(3):509-516.
Mayer-Davis EJ, Kahkoska AR, Jefferies C, et al. ISPAD Clinical Practice Consensus Guidelines 2018: Definition, epidemiology,
and classification of diabetes in children and adolescents. Pediatr Diabetes. 2018;19(S27):7-19.
Wolfsdorf JI, Glaser N, Agus M, et al. ISPAD Clinical Practice Consensus Guidelines 2018: Diabetic ketoacidosis and the
hyperglycemic hyperosmolar state. Pediatr Diabetes. 2018;19(S27):155-177.
Danne T, Phillip M, Buckingham BA, et al. ISPAD Clinical Practice Consensus Guidelines 2018: Insulin treatment in children
and adolescents with diabetes. Pediatr Diabetes. 2018;19(S27):115-135.
Abraham MB, Jones TW, Naranjo D, et al. ISPAD Clinical Practice Consensus Guidelines 2018: Assessment and management
of hypoglycemia in children and adolescents with diabetes. Pediatr Diabetes. 2018;19(S27):178-192.
Biessels GJ, Reijmer YD. Brain MRI in Children With Type 1 Diabetes: Snapshot or Road Map of Developmental Changes?
Diabetes. 2014;63(1):62-64.
Cato A, Hershey T. Cognition and Type 1 Diabetes in Children and Adolescents. Diabetes Spectr. 2016;29(4):197-202.
Gaudieri PA, Chen R, Greer TF, Holmes CS. Cognitive function in children with type 1 diabetes: a meta-analysis. Diabetes
Care. 2008;31(9):1892-1897.
He J, Ryder AG, Li S, Liu W, Zhu X. Glycemic extremes are related to cognitive dysfunction in children with type 1 diabetes:
A meta-analysis. 2018;9(6):1342-1353.
Nathan D. M. for the DCCT/EDIC Research Group. The Diabetes Control and Complications Trial/Epidemiology of Diabetes
Interventions and Complications Study at 30 Years: Overview. Diabetes Care. 2014;37(1):9-16.
Donaghue KC, Marcovecchio ML, Wadwa RP, et al. ISPAD Clinical Practice Consensus Guidelines 2018: Microvascular and
macrovascular complications in children and adolescents. Pediatr Diabetes. 2018;19(S27):262-274.
American Diabetes Association (ADA). Standards of care: 6. Glycemic Targets. Diabetes Care. 2017;40(Supplement 1):S48-S56.
American Diabetes Association. 12. Children and Adolescents: Standards of Medical Care in Diabetes—2018. Diabetes Care.
2018;41(Supplement 1):S126-S136.
DiMeglio LA, Acerini CL, Codner E, et al. ISPAD Clinical Practice Consensus Guidelines 2018: Glycemic control targets and
glucose monitoring for children, adolescents, and young adults with diabetes. Pediatr Diabetes. 2018;0.
Delamater AM, de Wit M, McDarby V, et al. Psychological Care of Children and Adolescents with Type 1 Diabetes. Pediatr
Diabetes. 2018;0.
Balfe M, Doyle F, Smith D, et al. What’s distressing about having type 1 diabetes? A qualitative study of young adults’
perspectives. BMC Endocr Disord. 2013;13:25.
Phelan H, Lange K, Cengiz E, et al. ISPAD Clinical Practice Consensus Guidelines 2018: Diabetes education in children and
adolescents. Pediatr Diabetes. 2018;19(S27):75-83.
Coffen RD, Dahlquist LM. Magnitude of Type 1 Diabetes Self-management in Youth Health Care Needs Diabetes Educators.
Diabetes Educ. 2009;35(2):302-308.

17

Chapter 1

R E F E R E N CE S

CHAPTER 1

31.
32.
33.
34.
35.
36.
37.

38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.

51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.

18

A B. Diatribe: 42 Factors That Affect Blood Glucose?! A Surprising Update. 2018; https://diatribe.org/42factors.
Silverstein J, Klingensmith G, Copeland K, et al. Care of Children and Adolescents With Type 1 Diabetes. A statement of the
American Diabetes Association. 2005;28(1):186-212.
Chiang JL, Kirkman MS, Laffel LMB, Peters AL. Type 1 Diabetes Through the Life Span: A Position Statement of the American
Diabetes Association. Diabetes Care. 2014;37(7):2034-2054.
Sawyer SM, Afifi RA, Bearinger LH, et al. Adolescence: a foundation for future health. The Lancet. 2012;379(9826):1630-1640.
Crosnoe R, Johnson MK. Research on Adolescence in the Twenty-First Century. Annu Rev Sociol. 2011;37(1):439-460.
Albert D, Chein J, Steinberg L. The Teenage Brain:Peer Influences on Adolescent Decision Making. Curr Dir Psychol Sci.
2013;22(2):114-120.
Wood JR, Miller KM, Maahs DM, et al. Most Youth With Type 1 Diabetes in the T1D Exchange Clinic Registry Do Not Meet
American Diabetes Association or International Society for Pediatric and Adolescent Diabetes Clinical Guidelines. Diabetes
Care. 2013;36(7):2035-2037.
Svensson M, Eriksson JW, Dahlquist G. Early Glycemic Control, Age at Onset, and Development of Microvascular
Complications in Childhood-Onset Type 1 Diabetes. A population-based study in northern Sweden. 2004;27(4):955-962.
Miller KM, Foster NC, Beck RW, et al. Current State of Type 1 Diabetes Treatment in the U.S.: Updated Data From the T1D
Exchange Clinic Registry. Diabetes Care. 2015;38(6):971-978.
Bloch CA, Clemons P, Sperling MA. Puberty decreases insulin sensitivity. The Journal of Pediatrics. 1987;110(3):481-487.
Costello EJ, Egger H, Angold A. 10-Year Research Update Review: The Epidemiology of Child and Adolescent Psychiatric
Disorders: I. Methods and Public Health Burden. J Am Acad Child Adolesc Psychiatry. 2005;44(10):972-986.
Kessler RC, Amminger GP, Aguilar-Gaxiola S, Alonso J, Lee S, Ustun TB. Age of onset of mental disorders: A review of recent
literature. Current opinion in psychiatry. 2007;20(4):359-364.
Fergusson DM, Boden JM, Horwood LJ. Recurrence of major depression in adolescence and early adulthood, and later
mental health, educational and economic outcomes. Br J Psychiatry. 2007;191(4):335-342.
Pine DS, Cohen P, Gurley D, Brook J, Ma Y. The risk for early-adulthood anxiety and depressive disorders in adolescents
with anxiety and depressive disorders. Arch Gen Psychiatry. 1998;55(1):56-64.
Kim-Cohen J, Caspi A, Moffitt TE, Harrington H, Milne BJ, Poulton R. Prior juvenile diagnoses in adults with mental disorder:
Developmental follow-back of a prospective-longitudinal cohort. Arch Gen Psychiatry. 2003;60(7):709-717.
Patton GC, Coffey C, Romaniuk H, et al. The prognosis of common mental disorders in adolescents: a 14-year prospective
cohort study. The Lancet. 2014;383(9926):1404-1411.
Michaud P-A, Fombonne E. Common mental health problems. BMJ (Clinical research ed). 2005;330(7495):835-838.
Stevens G. VDS, Boer M., De Roos S., Duinhof E., Ter Bogt t., Van den Eijnden R., Kuyper L., Visser D., Vollebergh W., de Loose,
M. HSBC 2017: Gezondheid en welzijn van jongeren in Nederland. In: Utrecht: Universiteit van Utrecht; 2018.
Ormel J, Raven D, van Oort F, et al. Mental health in Dutch adolescents: a TRAILS report on prevalence, severity, age of
onset, continuity and co-morbidity of DSM disorders. Psychol Med. 2015;45(2):345-360.
De Boer G, Van Dongen, L., Poolman-Mazel, T., Portegijs, C., Wieringa, W., & Snoek, F.J. De inzet van de medisch psycholoog
bij de behandeling van kinderen & jeugdigen met diabetes mellitus. In. Sectie Psychologien ALgemene/Academische
Ziekenhuizen (PAZ) van het Nederlands Instituut van Psychologen (NIP)2008.
Silverstein J, Klingensmith G, Copeland K, et al. Care of Children and Adolescents With Type 1 Diabetes: A statement of the
American Diabetes Association. Diabetes Care. 2005;28(1):186-212.
Grey M, Whittemore R, Tamborlane W. Depression in Type 1 diabetes in children: Natural history and correlates. J Psychosom
Res. 2002;53(4):907-911.
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(2):199-208.
Reynolds KA, Helgeson VS. Children with Diabetes Compared to Peers: Depressed? Distressed?: A Meta-Analytic Review.
Annals of behavioral medicine : a publication of the Society of Behavioral Medicine. 2011;42(1):29-41.
Buchberger B, Huppertz H, Krabbe L, Lux B, Mattivi JT, Siafarikas A. Symptoms of depression and anxiety in youth with type
1 diabetes: A systematic review and meta-analysis. Psychoneuroendocrinology. 2016;70:70-84.
Blanz BJ, Rensch-Riemann BS, Fritz-Sigmund DI, Schmidt MH. IDDM is a risk factor for adolescent psychiatric disorders.
Diabetes Care. 1993;16(12):1579-1587.
Kovacs M, Goldston D, Obrosky DS, Bonar LK. Psychiatric disorders in youths with IDDM: rates and risk factors. Diabetes
Care. 1997;20(1):36-44.
Northam EA, Matthews LK, Anderson PJ, Cameron FJ, Werther GA. Psychiatric morbidity and health outcome in Type 1
diabetes--perspectives from a prospective longitudinal study. Diabet Med. 2005;22(2):152-157.
Liakopoulou M, Alifieraki T, Katideniou A, et al. Maternal expressed emotion and metabolic control of children and
adolescents with diabetes mellitus. Psychother Psychosom. 2001;70(2):78-85.
Berger G, Waldhoer T, Barrientos I, et al. Association of insulin-manipulation and psychiatric disorders: A systematic
epidemiological evaluation of adolescents with type 1 diabetes in Austria. Pediatr Diabetes. 2018.
Butwicka A, Fendler W, Zalepa A, et al. Psychiatric Disorders and Health-Related Quality of Life in Children With Type 1
Diabetes Mellitus. Psychosomatics. 2016;57(2):185-193.

62.
63.
64.
65.
66.
67.
68.
69.

70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.

83.
84.
85.
86.
87.
88.
89.
90.
91.

McGrady ME, Hood KK. Depressive symptoms in adolescents with type 1 diabetes: associations with longitudinal outcomes.
Diabetes Res Clin Pract. 2010;88(3):e35-37.
Hood KK, Rausch JR, Dolan LM. Depressive symptoms predict change in glycemic control in adolescents with type 1 diabetes:
rates, magnitude, and moderators of change. Pediatr Diabetes. 2011;12(8):718-723.
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(3):254-270.
Hilliard ME, Herzer M, Dolan LM, Hood KK. Psychological screening in adolescents with type 1 diabetes predicts outcomes
one year later. Diabetes Res Clin Pract. 2011;94(1):39-44.
Hirsch IB. Glycemic Variability and Diabetes Complications: Does It Matter? Of Course It Does! Diabetes Care. 2015;38(8):16101614.
Suh S, Kim JH. Glycemic Variability: How Do We Measure It and Why Is It Important? Diabetes Metab J. 2015;39(4):273-282.
Beck RW, Connor CG, Mullen DM, Wesley DM, Bergenstal RM. The Fallacy of Average: How Using HbA1c Alone to Assess
Glycemic Control Can Be Misleading. Diabetes Care. 2017;40(8):994-999.
Agiostratidou G, Anhalt H, Ball D, et al. Standardizing Clinically Meaningful Outcome Measures Beyond HbA1c for Type 1
Diabetes: A Consensus Report of the American Association of Clinical Endocrinologists, the American Association of Diabetes
Educators, the American Diabetes Association, the Endocrine Society, JDRF International, The Leona M. and Harry B.
Helmsley Charitable Trust, the Pediatric Endocrine Society, and the T1D Exchange. Diabetes Care. 2017;40(12):1622-1630.
Kovatchev B, Cobelli C. Glucose Variability: Timing, Risk Analysis, and Relationship to Hypoglycemia in Diabetes. Diabetes
Care. 2016;39(4):502-510.
Kovatchev BP. Metrics for glycaemic control — from HbA1c to continuous glucose monitoring. Nat Rev Endocrinol.
2017;13:425.
Kilpatrick ES, Rigby AS, Goode K, Atkin SL. Relating mean blood glucose and glucose variability to the risk of multiple
episodes of hypoglycaemia in type 1 diabetes. Diabetologia. 2007;50(12):2553-2561.
Penckofer S, Quinn L, Byrn M, Ferrans C, Miller M, Strange P. Does Glycemic Variability Impact Mood and Quality of Life?
Diabetes Technol Ther. 2012;14(4):303-310.
Hermanns N, Scheff C, Kulzer B, et al. Association of glucose levels and glucose variability with mood in type 1 diabetic
patients. Diabetologia. 2007;50(5):930-933.
Hoffman RP, Dye AS, Huang H, Bauer JA. Glycemic variability predicts inflammation in adolescents with type 1 diabetes. J
Pediatr Endocrinol Metab. 2016;29(10):1129-1133.
Bullmore E. Inflamed depression. Lancet. 2018;392(10154):1189-1190.
Raison CL, Miller AH. Is depression an inflammatory disorder? Current psychiatry reports. 2011;13(6):467-475.
Engel GL. The biopsychosocial model and the education of health professionals. Ann N Y Acad Sci. 1978;310(1):169-181.
Al Hayek AA, Robert AA, Braham RB, Issa BA, Al Sabaan FS. Predictive Risk Factors for Fear of Hypoglycemia and AnxietyRelated Emotional Disorders among Adolescents with Type 1 Diabetes. Med Princ Pract. 2015;24(3):222-230.
Hood KK, Huestis S, Maher A, Butler D, Volkening L, Laffel LM. Depressive symptoms in children and adolescents with type
1 diabetes: association with diabetes-specific characteristics. Diabetes Care. 2006;29(6):1389-1391.
Lawrence JM, Standiford DA, Loots B, et al. Prevalence and Correlates of Depressed Mood Among Youth With Diabetes: The
SEARCH for Diabetes in Youth Study. Pediatrics. 2006;117(4):1348-1358.
Knight A, Weiss P, Morales K, et al. Identifying Differences in Risk Factors for Depression and Anxiety in Pediatric Chronic
Disease: A Matched Cross-Sectional Study of Youth with Lupus/Mixed Connective Tissue Disease and Their Peers with
Diabetes. J Pediatr. 2015;167(6):1397-1403.e1391.
Hassan K, Loar R, Anderson BJ, Heptulla RA. The role of socioeconomic status, depression, quality of life, and glycemic
control in type 1 diabetes mellitus. J Pediatr. 2006;149(4):526-531.
Powers MA, Richter SA, Ackard DM, Craft C. Diabetes Distress Among Persons With Type 1 Diabetes. Diabetes Educ.
2017;43(1):105-113.
Giannakopoulos G, Dimitrakaki C, Pedeli X, et al. Adolescents’ wellbeing and functioning: relationships with parents’
subjective general physical and mental health. Health Qual Life Outcomes. 2009;7:100-100.
Weissman MM, Warner V, Wickramaratne P, Moreau D, Olfson M. Offspring of depressed parents: 10 years later. Arch Gen
Psychiatry. 1997;54(10):932-940.
Lieb R, Isensee B, Höfler M, Pfister H, Wittchen H. Parental major depression and the risk of depression and other mental
disorders in offspring: A prospective-longitudinal community study. Arch Gen Psychiatry. 2002;59(4):365-374.
Beardslee WR, Gladstone TRG, O’Connor EE. Transmission and Prevention of Mood Disorders Among Children of Affectively
Ill Parents: A Review. J Am Acad Child Adolesc Psychiatry. 2011;50(11):1098-1109.
Goodman SH, Gotlib, I. H. Risk for psychopathology in the children of depressed mothers: a developmental model for
understanding mechanisms of transmission. Psychol Rev. 1999;106(3):486-490.
Goodman S, Gotlib I. Children of depressed parents: Mechanisms of risk and implications for treatment. US: Washington
DC2002.
Wysocki T, Iannotti R, Weissberg-Benchell J, et al. Diabetes problem solving by youths with type 1 diabetes and their
caregivers: measurement, validation, and longitudinal associations with glycemic control. J Pediatr Psychol. 2008;33(8):875884.

19

Chapter 1

GENERAL INTRODUCTION

CHAPTER 1

92.
93.

94.
95.
96.
97.
98.
99.
100.

101.
102.
103.

104.

20

Wiebe DJ, Gelfand D, Butler JM, et al. Longitudinal associations of maternal depressive symptoms, maternal involvement,
and diabetes management across adolescence. J Pediatr Psychol. 2011;36(7):837-846.
Vesco AT, Anderson BJ, Laffel LMB, Dolan LM, Ingerski LM, Hood KK. Responsibility sharing between adolescents with type
1 diabetes and their caregivers: importance of adolescent perceptions on diabetes management and control. J Pediatr
Psychol. 2010;35(10):1168-1177.
Helgeson VS, Reynolds KA, Siminerio L, Escobar O, Becker D. Parent and adolescent distribution of responsibility for diabetes
self-care: Links to health outcomes. J Pediatr Psychol. 2008;33(5):497-508.
Stoker Greene M, Mandleco B, Olsen Roper S, Marshall ES, Dyches T. Metabolic Control, Self-care Behaviors, and Parenting
in Adolescents With Type 1 Diabetes. Diabetes Educ. 2010;36(2):326-336.
Shorer M, David R, Schoenberg-Taz M, Levavi-Lavi I, Phillip M, Meyerovitch J. Role of Parenting Style in Achieving Metabolic
Control in Adolescents With Type 1 Diabetes. Diabetes Care. 2011;34(8):1735-1737.
Pihoker C, Forsander G, Fantahun B, et al. ISPAD Clinical Practice Consensus Guidelines 2018: The delivery of ambulatory
diabetes care to children and adolescents with diabetes. Pediatr Diabetes. 2018;19(S27):84-104.
Pouwer F. Should we screen for emotional distress in type 2 diabetes mellitus? Nat Rev Endocrinol. 2009;5:665.
Fisher L, Gonzalez JS, Polonsky WH. The confusing tale of depression and distress in patients with diabetes: a call for greater
clarity and precision. Diabet Med. 2014;31(7):764-772.
Esbitt SA, Tanenbaum ML, Gonzalez JS. Disentangling Clinical Depression from Diabetes-Specific Distress: Making Sense
of the Mess We’ve Made. In: Lloyd CE, Pouwer F, Hermanns N, eds. Screening for Depression and Other Psychological Problems
in Diabetes: A Practical Guide. London: Springer London; 2013:27-46.
Snoek FJ, Kersch NYA, Eldrup E, et al. Monitoring of Individual Needs in Diabetes (MIND): Baseline Data From the CrossNational Diabetes Attitudes, Wishes, and Needs (DAWN) MIND Study. Diabetes Care. 2011;34(3):601-603.
Gulliver A, Griffiths KM, Christensen H. Perceived barriers and facilitators to mental health help-seeking in young people: a
systematic review. BMC Psychiatry. 2010;10:113-113.
Reardon T, Harvey K, Baranowska M, O’Brien D, Smith L, Creswell C. What do parents perceive are the barriers and facilitators
to accessing psychological treatment for mental health problems in children and adolescents? A systematic review of
qualitative and quantitative studies. Eur Child Adolesc Psychiatry. 2017;26(6):623-647.
Hambly H, Robling M, Crowne E, Hood K, Gregory JW. Communication skills of healthcare professionals in paediatric
diabetes services. Diabet Med. 2009;26(5):502-509.

21

CHA P TE R 2

The prevalence of depression and anxiety and
their associations with HbA 1c in adolescents
with type 1 diabetes:
A systematic review

Nguyen LA, Nefs G, Aanstoot HJ, Aalders J, Hartman E, Pouwer F.
Original text

CHAPTER 2

A BSTRACT
Objective
To conduct a systematic review of observational studies to: 1) determine the prevalence and
symptom severity of depression and anxiety in adolescents with type 1 diabetes, 2) compare
these data with those of peers without diabetes, and 3) study the associations between
depression or anxiety and HbA1c in adolescents with type 1 diabetes.
Research design and methods
PubMed and PsycInfo databases were systematically searched for articles examining depression
and anxiety in adolescents with type 1 diabetes up to January 2018. Two independent reviewers
assessed the eligibility of the retrieved records, using predefined inclusion criteria.
Results
Out of the 1244 records screened, 155 studies were included in the systematic review reporting
on 121 unique samples. The majority of studies had mixed samples (including children and/or
adults). Anxiety was relatively understudied compared with depression, and prevalence rates
of depression and anxiety varied between registry (4-7%), questionnaire (2-54% and 10-38%,
respectively) and interview-based studies (4%-17% and 16%-47%). Incidence rates of depression
and anxiety appeared to be higher in T1D cohorts (4 and 5%, respectively) than in controls (2
and 4%). Based on questionnaire studies, the prevalence of elevated depression or anxiety did
not differ between adolescents with T1D and control-groups, but symptom severity was higher
in the T1D group. Depressive and anxiety symptoms appeared to be related to higher HbA1c in
cross-sectional studies, but longitudinal associations remain unclear.
Conclusions
Methodological differences between studies hinder the ability to summarize results. Depression
and anxiety seem to be common in adolescents with T1D, and symptom severity is higher in
adolescents with T1D than in controls. However, high quality (and prospective) studies focusing
on adolescents, are needed for a better understanding of the scope of these emotional problems
and how they interact with HbA1c.
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Achieving and maintaining optimal glycemic outcomes is the primary treatment goal for type
1 diabetes mellitus (T1D) since the DCCT has shown its association with a decreased risk of
long-term complications.1 Yet, several studies in the United States and Europe have shown that
only 11-32% of adolescents achieve the age-specific HbA1c target value of 7.5% (58 mmol/mol).2,3
The International Society for Pediatric and Adolescent Diabetes has recently lowered the target
value to 7.0% (53 mmol/mol),4 meaning even less adolescents achieve recommended HbA1c. A
better understanding of why HbA1c deteriorates particularly during adolescence 3,5,6 is crucial to
improve the outcomes of this vulnerable group.
While metabolic and hormonal changes in puberty are likely to play a role, 7 suboptimal self-care
may also be of importance,8 as adolescents become more responsible for their own diabetes
management.9 Diabetes tasks often interfere with the adolescent’s strive for independence and peer
normalcy,10,11 possibly adding to the perceived burden of diabetes care during this developmental
period. Psychological problems (e.g. fatigue, pessimism, low self-esteem,or anxiety)11,12 can make
it more difficult to bring the agreed treatment plan into practice and thus affect HbA1c. Biological
links between major depression and T1D have been proposed as well.13 In a previous systematic
review and meta-analysis, Buchberger et al. (2016)14 reported a high prevalence of elevated
depressive and anxiety symptoms in youth with T1D (30% and 32%, respectively) and also concluded
that higher depression symptom levels were related to higher HbA1c.
However, this review had important limitations, as interview-based studies were not included,
the severity of symptoms was not systematically compared across studies, estimates were not
compared between adolescents with T1D and with those without diabetes for studies with a
case-control design or with norms in studies without a control group, and only considered
studies conducted from 2008 onwards. Furthermore, children and adolescents were pooled
together leaving developmental stage-specific prevalence and implications unaddressed, while
adolescents are a clearly distinct group who require targeted care strategies.15
Therefore, the present review aims to systematically summarize and interpret the existing literature
in order to better understand the prevalence and severity of emotional problems (i.e. depressive
symptoms or mood disorders, and anxiety symptoms or disorders) in adolescents with type 1
diabetes, their comparison with peers without diabetes, and their relation – if any – to HbA1c.
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R E SE A R C H DE S I GN A N D M E T HODS
Search strategy
A systematic search for relevant literature was performed using PubMed and PsycINFO via
EBSCO. The search terms are shown in Supplementary Table 1. The search was restricted to
studies published from 1990 (as the first American Diabetes Association’s Standards of Care
were published in 1989)16 to January 2018.
Selection criteria
Studies meeting the following criteria were eligible to be included in the review: (i) the studied
sample included (at least some) adolescents aged 12 up to 18 with type 1 diabetes, (ii) the study
assessed symptoms of depression or mood disorders, and/or symptoms of anxiety or anxiety
disorders, (iii) depression and anxiety were determined by using a diagnostic interview, by using
validated questionnaires, by physician’s diagnosis, or based on prescribed antidepressant or
anxiolytic medication, (iv) the study was written in English and published in a peer-reviewed
journal. For the present study, “adolescents” were defined as youth aged 12-18 years old. In The
Netherlands and many other countries, teens graduate from elementary school and transition
to high school at age 12, marking an increase in responsibilities and independence. By the age
of 18, in most countries people are considered adults. Review papers, case-studies, intervention
studies, qualitative studies and PhD-dissertations were excluded. To be able to determine the
potential impact of having type 1 diabetes on risk of depression or anxiety, only studies having
a control group 1) without diabetes or 2) a healthy control group were included for the research
question relating to the comparison with peers.
Extraction of data
For all studies, LN extracted the following information from the articles: first author, year of
publication, country, sample size, sociodemographic and clinical characteristics of the
participants and control group, and information with regard to (the measurement of) depressive
and anxiety symptoms, HbA1c, and information on the statistical analyses associating depressive
and anxiety symptoms and HbA1c. The extracted information was checked by GN, FP, JA, or EH.

R E SU LTS
Study selection
Two authors (LN and GN) independently screened the unique records (n= 1244) for eligibility
based on the title and abstract. When there were doubts, the full-text article was assessed to
determine relevancy. If full-text articles could not be obtained, the corresponding author was
contacted by LN. Discordance between reviewers (< 3%) was solved in a consensus meeting,
resulting in 155 relevant papers. Records based on the same sample or subsamples of a larger
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study were considered as one study when answering the research questions, resulting in 121
unique samples. This brought the total number of relevant studies to 59 and 21 for the prevalence
of depression and anxiety, 75 and 32 for the severity of depressive and anxiety symptoms, 32
and 21 for the comparison of depression and anxiety with peer control groups without diabetes
or other chronic conditions, and 66 and 25 for the relation of depression and anxiety with HbA1c.
A flow diagram of the search process and study selection is shown in Figure 1.

Figure 1. Flow diagram of the study selection process
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Total hits
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Articles excluded after
further inspection
n= 20
Articles eligible
n=155
Reporting on 121
unique
samples

27

Chapter 2

DEPRESSION, ANXIETY, AND THEIR ASSOCIATIONS WITH HBA 1C

CHAPTER 2

R E SU LTS
Study characteristics
Of all included studies, 91 were conducted in North America,8,17-106 3 in South-America,107-109 4 in
Northern Europe,110-113 9 in the UK and Ireland,114-122 8 in Central Europe,123-130 1 in Eastern Europe,131
7 in Western Europe,132-138 4 in Southern Europe,139-142 2 in Africa,143,144 7 in Western Asia and the
Middle East,145-151 4 in South-Central Asia,152-155 9 in Eastern Asia,156-164 and 6 in Australia,165-170
In the unique studies, symptom checklists were most often used to assess depression (n = 98)
and anxiety (n= 41). Other methods included registry data (n= 4 for depression and n= 3 for
anxiety), chart review (n= 2 for depression, and n= 0 for anxiety), and a few studies have used a
(semi-) structured diagnostic interviews (n= 9 for depression and n= 9 for anxiety). While all
studies included at least some participants in the adolescent age-range, only 16 studies focused
on adolescents between 12-18 years only.
In studies comparing youth with T1D with a control-group, the composition of the control-group
varied from “healthy” children (e.g. Nardi et al. [2008])141 to more clearly defined groups such
as youth without T1D, or a control group with a medical or psychiatric condition (e.g. Maas-Van
Schaaijk [2011]).171
The characteristics of the included studies are presented in Table 1. Table 2 displays the results
for all individual studies assessing depression and Table 3 presents the results of all individual
studies assessing anxiety in adolescents with T1D. Table 4 presents the in- and exclusion criteria
of the included studies.
The prevalence of depression in adolescents with T1D
Summary of studies based on questionnaire data
A large variety of questionnaires and different cut-offs were used. Most studies used the
Children’s Depression Inventory (CDI) with total scores ≥ 13 being indicative of elevated
symptoms,32,37,51,72,74,82,84,133,155,172,173 but cut-offs of ≥ 10,25 > 14,43 ≥ 16,174 ≥ 19,145,169 and ≥ 20 were
used as well.19 Other versions of the CDI included the CDI-short form with T-scores ≥ 65 being
indicative of depression,36 the CDI-2nd version short form (cut-off not reported),64 and the CDIparent report (cut off ≥ 17).72,82
Beck’s Depression Inventory (BDI) cut-off scores were set at ≥ 14 20,140 and ≥ 10.166 One study used
a revised version of the BDI (cut-off > 11),44 one used the BDI-II (cut off ≥ 14),34 and one included
the BDI-Y,111 which was developed for use in youth aged 11-17 years old specifically.
Studies using the Center of Epidemiological Studies Depression Scale (CES-D) most often
considered total scores ≥ 24 as indicative of depression.17,175 In one study, a cut-off of ≥ 15 was
used.49 One study administered sex-specific cut-offs (≥ 12 for boys and ≥ 22 for girls).66 One study
did not report the cut-off value that was used.70 The CES-D for Children (CES-DC) was used in
two studies, of which one 157 used sex-specific cut-offs similar to Markowitz et al. (2015),49 and
the other used ≥ 15.143
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Less frequently used self-report measures were the Hospital Anxiety and Depression ScaleDepression, 107,115,117 the Patient Health Questionnaire (PHQ)-9 (cut off ≥ 5)41 and PHQ–Adolescent
(cut off ≥ 10),170 the Childhood Psychopathology Measurement Schedule (CPMS, cut-off +1
standard deviation above the population norm),152 the Depression Self Rating Scale of Children
(DSRS),159 the Major Depression Inventory (with scores ≥ 25 indicating moderate to severe
depression),144 the Hamilton scale (total score > 7),142 the World Health Organization-5 (WHO-5,
with scores <28 being indicative for depression risk),154 and the Physiological hyperarousal and
positive and negative affect schedule for children (PH-PANAS-CH).168
The prevalence rates of depression ranged from 2% 154 to 54%,142 with most studies reporting
rates from 10% to 25%. In the studies with a lower prevalence of depression, mean participant
age was often approximately 12 years or younger.168,172 Three studies reporting a relatively high
prevalence used the CES-D 66,143,157 or questionnaires that were not frequently applied in
adolescents with T1D (e.g. Manarte et al. [2010]),142 or were conducted in developing countries
(e.g. Khater et al. [2017]).143
With respect to responder categories, two studies included adolescent- as well as parent-report.
In both studies, adolescent-reported depression was lower than parent-proxy-reported
depression (16% vs. 25% 82 and 23% vs. 28%)72 although this was not statistically tested.
With respect to longitudinal studies (n= 3), rates of depression seemed to decline 51,85 or stay
stable from baseline to 6-month follow-up.79 Jaser et al. (2017) only included youth with a
diabetes duration of at least 6 months,79 while McGill et al. (2017) reported on newly diagnosed
youth or youth initiating pump-therapy which may explain why McGill et al (2017) found lower
rates of depression after 6 months.51 Both Jaser et al. (2017) and McGill et al. (2017) reported
an increase in depression rate from 6-month to 12-month follow-up.51,79
Summary of studies based on medical record review and registry data
Studies that used medical chart review (based on diagnoses 153 or anti-depressant medication
use)150 to estimate the prevalence of mood problems, reported rates of 4-5%. Registry studies
reported a lower prevalence of antidepressant medication use (0.8%),124 and internalizing
disorders (3% in youth with T1D).30 In adolescents aged 13-18 years old, the prevalence was
6.6%.30
Summary of studies based on (semi-)structured diagnostic interviews
Eight studies established depression based on (semi)-structured diagnostic interviews. Most
studies used versions of the Kiddie-Schedule For Affective Disorder (K-SADS), including Present
(K-SADS-P),139 Present and Lifetime (K-SADS-PL),24,129 and Epidemiological (K-SADS-E).135 Other
interviews were the Interview Schedule for Children and Adolescents (ISCA),176 Diagnostic
Interview for Children and Adolescents –Version Four (DICA-IV),177 Standard for Clinicians’
Interview in Psychiatric– Patient version,161 and an unnamed clinical diagnostic interview
assessing DSM-IV criteria.163
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There was considerable difference in the timeframes used, ranging from point- to lifetime
prevalence. Rates of current mood disorders in adolescents ranged from 4% 129 to 17%, 163
although the latter study focused specifically on girls with T1D and eating disorders. Lifetime
mood disorders were present in 4% of Polish 129 and 31% of Canadian youth.24 The latter study
only focused on girls and included both minor depression and subclinical depression as well
as major disorders.24 Notably, youth with T1D who also had one or more comorbid diseases
appeared to have higher rates of mood disorders (current dysthymia 17% and present or past
dysthymia in 47% of girls with T1D and obesity,135 77% in girls with bulimia nervosa and 46%
in girls with binge-eating disorder).163 Nakazato et al. (2000) focused specifically on youth with
T1D and psychiatric disorders and reported 36% to have depressive disorders.161
Prevalence of depression in participants with T1D vs. controls
In studies based on self-report questionnaires, rates of depression or mood problems in those
with T1D did not statistically differ from rates in the control groups.67,117,133,140,168 One study
reported subthreshold depression to be more prevalent in T1D youth with T1D than in
controls.168 When taking sex and age into account, moderately elevated symptoms were only
more prevalent in T1D compared with peers from a normative sample for 11-14-year-old girls
and boys.111 In studies where a formal statistical test of the difference was lacking, the reported
rates in the T1D and control group appeared comparable (e.g. Dybdal et al. [2017]).110
Differences were more apparent in registry based studies, with less favorable estimates for
people with T1D (based on e.g. anti-depressant use,112 depression prevalence,116 and incident
depression rates).110 With respect to diagnoses at discharge from hospitalizations, youth with
T1D were also more 3.5 times likely to have a co-morbid mood or anxiety disorder than youth
without T1D.69 Furthermore based on an interview-based study, youth with T1D and major
depression show a less favorable course in terms of recurrence risk and depression free period
than youth with major depression but without T1D.77
The severity of depression in adolescents with T1D
Irrespective of the questionnaire used, the average severity of depression seemed to be mild.
Mean CDI-scores ranged from 3.87 to 17.43,148,172 with most scores being between 5 and 8. Storch
et al. (2005)68 reported a mean CDI score of 34, which presumably is the mean T-score. When
adopting a cut-off of ≥13, only Mutlu et al. (2015)148 found a mean above the cut-off. Butwicka
et al. (2016)128 reported T-scores of both self-reported and parent-proxy-reported CDI. While the
mean T-score of the self-reported CDI was below the clinical cut-off (T-score > 65), parentreported T-score was in the elevated range. In other studies, self-reported CDI T-scores were
also below the clinical cut-off.81,158
All studies reporting a mean CES-D(C) score were below 24 and in the “none to minimal” or
“mild” depressive symptoms range.17,23,29,45,46,48,49,53,55,59,66,70,106,143,157 BDI scores ranged from 5.94 to
7.30,34,65,138 all under the clinical cut-off score. Similarly, studies using the HADS-D all reported
mean scores (2.87 – 3.40) below the clinical cut-off.108,115,117 Additionally, several studies used
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Severity of depression in participants with T1D vs. controls
Both self-reported 123 and parent-reported 146 internalizing symptoms appeared to be significantly
higher in youth with T1D than in control groups. However, when examined in the same study,141
only parent-reported depressive and affective problems were higher in the T1D group than in
the control group.141
Studies focusing on depressive symptoms often reported significantly higher depressive
symptoms in T1D than in control groups. 67,70,147-149,158 Grey et al. (1995) reported higher depression
scores at intake in the T1D than in the control group, but this difference was not replicated at
1-year and 2-year follow-up.31 Only a minority of the included studies did not find a difference
in depressive symptoms between people with T1D and control-groups. 50,55,113,117,171 These studies
were conducted in North-Western Europe and the USA; the studies that did find a difference
were conducted in the USA, UK, but also South-Korea, Turkey, and Kuwait.
The association between depression/depressive symptoms and HbA1c
Summary of studies based on disorders/elevated symptoms (dichotomous)
Studies in people with T1D examining whether HbA1c differed between those with and those
without depression, used a variety of statistical tests, such as t-tests, univariable linear regression
analyses and logistic regression analyses.
While some studies reported that youth with elevated depressive symptoms had significantly
higher HbA1c than those without depression 66,84,115,128 and even suggested a dose-response relation
across minimal, mild, and moderate/severe depression categories,45 the majority did not find a
difference between depressed and non-depressed youth with T1D.24,36,64,76,117,132,142 There were no
clear differences between the studies that did find an effect and the studies that did not. HbA1c
also did not differ between symptomatic (defined as having depressive, anxiety, or obsessivecompulsive symptoms) and asymptomatic children.139 The prevalence of depression did not differ
between those with optimal HbA1c versus suboptimal HbA1 c either.127 and the presence of
depression was not a predictor of suboptimal values in a logistic regression analysis.20
In half of the studies adjusting for covariates, HbA1c seemed to be positively associated with the
presence of depression.41,45,124,143 In studies that did not find the association in adjusted analyses,
the method used to assess HbA1c was not reported,145 HbA1c was analyzed as a dichotomous
variable,20 or the age-range was relatively wide.107,142 The number and type of covariates taken
into account varied between the studies. All studies included either demographic or diabetesrelated covariates, but not all studies included both.
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the Child Behavior Checklist, reporting on the Affective Problems141 and Anxious/Depressed
subscales,131,146,156 and Withdrawn/Depressed subscales.125,141,156 Zheng et al. (2013)156 reported
a mean raw score of 2.18 and in other studies T-scores ranged from 21.54 to 61.10 (which is in
the normal range).
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Summary of studies based on depressive symptoms (continuous data)
Most studies assessing correlations between depressive symptoms and HbA1c reported a
significant positive correlation, ranging from r= 0.13 to r= 0.52.37,147 Nardi et al. (2008) reported
that self-reported affective problems were significantly related to HbA1c in 14-18-year-olds, but
not in younger age-groups.141 Parent-reported depressive symptoms were also correlated with
HbA1c.72,141
Half of the studies assessing whether depressive symptoms or internalizing symptoms differed
between youth with T1D and optimal HbA1c vs. (moderate HbA1c vs.) suboptimal HbA1c did not
find a statistical group difference using t-tests and ANOVA.125,146,156,158 In three studies,111,141,154
lower depression scores were reported in the group with optimal HbA1c vs. the group with
suboptimal HbA1c, and all obtained HbA1c from either a blood sample or medical records, as
opposed via an endocrinologist questionnaire,146 questionnaire,158 or unreported method.125
Adjusted for covariates, higher depressive symptoms appeared to be associated with higher
HbA1c.17,33,44,73,75 Notably, four of these studies were specifically focused on adolescents aged
12-18 years old. For McGrady et al. (2009)73 the age range was not reported. However, Herzer
and Hood (2010) also based their conclusions on data from a sample of adolescents-only 37 and
did not find an association after adjusting for covariates. Hood et al. (2006)84 and McGill et al.
(2018)51 found similar results in mixed samples. Furthermore, depression was not associated
with the odds of achieving optimal HbA1c.170
Prospective associations between depression and HbA1c
Prospective studies on the longitudinal associations between depressive symptoms and HbA1c
showed mixed results. Gruhn et al. (2016) reported baseline depressive symptoms to be related
to HbA1c at 12-month follow-up, but baseline HbA1c was not associated with 12-month depressive
symptoms.32 Herzer et al. (2011) (based on a subsample of Herzer et al. [2010])37 examined
associations over three time-points (at baseline, at 6-month follow-up, and 9-month follow-up)
and only found a correlation between depressive symptoms at 6-month follow-up and HbA1c
at 9 months. However, after adjusting for covariates, this association was no longer statistically
significant,38 in line with Colton et al. (2013).24 The 12-month follow-up report of a subsample
of Herzer et al. (2010) also reported baseline depressive symptoms not to be related to HbA1c
at 12-month follow-up.80 Whether changes in depressive symptoms are associated with changes
in HbA1c is also unclear given the conflicting evidence.8,159
The prevalence of anxiety in adolescents with T1D
Summary of studies based on questionnaire data
Most studies (62%, 13/21) used self- or proxy reported questionnaires to assess the prevalence
of anxiety. The Hospital Anxiety and Depression Scale- Anxiety Subscale (HADS-A) was used in
three studies, all adopting a cut-off score of ≥ 8.107,115,117 Two studies used the Screen for Child
Anxiety-Related Emotional Disorders (SCARED (-41), cut-off: total score ≥ 25)20,41 and two others
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the State-Trait Anxiety Inventory for Children – State scale, with scores ≥ 1 standard deviation
above the mean being indicative of elevated anxiety.37,38 Other measures included the Childhood
Psychopathology Measurement Schedule (CPMS) anxiety factor score (cut-off: + 1SD of the local
population norm),152 the Generalized Anxiety Disorder-7 Item Scale (GAD-7, with total scores of
≥ 10 meaning elevated anxiety),170 Beck Anxiety Inventory-Youth (BAI-Y, cut-off not reported),111
and the Physiological Hyperarousal and Positive And Negative Affect Schedule for Children
(PH-PANAS-C).168 Rates of elevated scores ranged from 10% (measured with the CPMS)152 to 38%
(measured with the PH-PANAS-C),168 with most studies reporting rates from 10-30%.
Specific types of anxiety were also addressed. Needle anxiety was assessed in two studies, using
the Diabetes Fear of Injecting and Self-testing Questionnaire Fear of Injections version (D-FISQ
FI), Fear of Infusion Site Change (D-FISQ FISC), Fear of Self-testing (FST) ≥ 6,22 FACES pain scale
(≥4) and the Perceptions of Insulin Shots and Fingersticks Survey (≥ 4).39 Fear of injections/
infusion site change was higher than the fear of self-testing both in self-report (22% and 12%
respectively) and in parent proxy-report (26% and 13%). Howe et al. (2011)39 reported higher
rates of fear of injections (41%) and fingersticks (32%) and showed that these anxieties
diminished over time (10% and 10% at follow-up). The high baseline rates could be explained
by the fact that Howe et al. (2011)39 only included newly diagnosed youth with T1D.
Summary of studies based on registry data
Based on registry data, the prevalence of internalizing disorders in youth with T1D was 3.3%,
but 6.6% in adolescents (aged 13-18) specifically.30 Incident anxiety disorders during a mean
follow-up of 7.8 years was 4.9%.110
Summary of studies based on (semi-)structured diagnostic interviews
Three studies used a variation of the KSADS to assess the prevalence of anxiety disorders. 129,135,139
Other interviews included the ISCA,42 SCID-P,161 DICA,177 Child PTSD reaction Index, 126 and an
unnamed instrument.163 Based on these interview studies, the prevalence of anxiety disorders
ranged from 16%129 to 47%.139 Again, timeframes used differed between studies, and lifetime
prevalence of anxiety disorders was 19% 129 and prevalence during 10-year follow-up period
was 20% 42. Nakazato et al. (2000) only included youth with T1D and psychiatric disorders and
of these 16 adolescents, 1 had a panic disorder (6%).161 Landolt et al. (2012) focused specifically
on post-traumatic stress and reported a prevalence of post-traumatic stress of 4% at baseline
and 2% at follow- up).126
Prevalence of anxiety in participants with T1D vs. controls
Based on a registry study, children with T1D were more likely to have a comorbid anxiety
disorder at release from hospitalization than children discharged without T1D.69 When anxiety
prevalence was compared with norm data (of a non-clinical sample), the prevalence did not
seem to differ. 117 However, compared with a control group of children without diabetes,
prevalence of anxiety (based on a questionnaire) was significantly higher in the T1D group
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(χ2 = 19.6, p< 0.001).168 In sub analyses stratified by sex and age, only the rate of moderately
elevated anxiety scores in 11-14 year old girls differed from the control group.111 A study focusing
specifically on girls reported that the difference in prevalence of anxiety disorders was only
significant between girls with T1D and obesity vs. girls without T1D and without obesity. Incident
anxiety disorders appeared to be less common in a randomly selected control group (3.6%)
than in the diabetes group (4.9%) although no statistical testing was employed.110 Similarly,
prevalence of anxiety was compared with a control group (35% vs. 6%), again no statistical
testing was conducted.139
The severity of anxiety in adolescents with T1D
Average anxiety measured with the STAI(C)-state scale ranged from 24 to 47.29,31,37,86,145,178 Mullins
et al. (2004) is the only study reporting a mean above the clinical cut-off –score of 40,179 possibly
because their target age-range was lower (7-12 years old) than that of the other studies. The
Child Behavior Checklist Anxious/Depressed 68,125,131,137,146,156,158 and Withdrawn/Depressed 125,146,156
subscale scores were also often used. Reported T-scores ranged from 21 131 to 61, 146 all below
the clinical cut-off score of 65. Pisaric & Nivesic (2011) had a particularly low score and conducted
the only study with a full adolescent sample. Zheng et al. (2013) and Storch et al. (2005)68
reported raw scores only, making comparison with other studies difficult.156
In other studies, the average anxiety severity also seemed mild, as reported means were below
the clinical cut-off values (if available) for the CPMS (score < 2),123 SCARED (total score < 25),148
RCMAS (total score < 15),27 GAD-7 (total score < 10),170 HADS-A (total score < 8),115,117 SAS-A (total
score ≤ 50),28 Child PTSD reaction index (total score < 24),126 SASC-R (total score < 54 for girls, <
50 for boys).68 Of the remaining studies, cut-off scores were not available (e.g. due to the use of
subscale scores or a short form of a questionnaire).87,95,113,114,118,119,138,149,151,152,169
Three prospective studies reported longitudinal results. Grey et al. (1995)31 reported STAIC-state
scores of 28.7 at diagnosis, 27.9 after one year and 28.9 after two years. Hilliard et al. (2011)80
reported relatively stable anxiety scores at baseline and 12-month follow-up. Finally, Helgeson
et al. (2007) reported a negative association between time and anxiety symptoms (BASC scores
of 1.65 at baseline, 1.53 after one year, 1.58 after two years).95
Severity of anxiety in participants with T1D vs. controls
With regard to severity of symptoms, anxiety and internalizing symptoms appeared to be higher
in the T1D group than in groups of healthy youth and youth without diabetes.123,146,156,158 When
comparing youth with T1D with their healthy siblings, no statistical differences were found with
internalizing symptoms severity.50 Nardi et al. (2008) included both self-report and parent-report
questionnaires, and only parent-reported withdrawn/depressed scores differed between T1D
and control group.141
Moussa et al. (2005) was the only study to compare median anxiety scores and found that the
median anxiety score in children with T1D was higher than in healthy peers.149 Mutlu et al. (2015)
reported children with T1D to have higher anxiety symptoms than a healthy group measured
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with the SCARED questionnaire.148 However, Sivertsen et al. (2014) found no difference in anxiety
symptoms using the 5-item short form of the SCARED.113 Furthermore, the mean age in Sivertsen
et al. (2014) was 17.9 years old, while the mean age of Mutlu et al. (2015) was 9.9 years old,148
possibly explaining the different results.
One prospective study reported that anxiety did not differ between children with/without T1D
at intake, after one year, or after 2 years.31 Finally, some studies compared the severity of anxiety
to local population norm scores,152 or healthy controls and controls without major chronic
illness,95,131 but did not statistically test the difference.
The association between anxiety/anxiety symptoms and HbA1c
Summary of studies based on disorders/elevated symptoms (dichotomous)
The evidence regarding whether the presence of anxiety is related to higher HbA1c is conflicting
and thus inconclusive. On the one hand, HbA1c was not related to the odds of having anxiety
41,107
and the presence of anxiety was not be related to the odds of having suboptimal HbA1c.20
Similarly, Johnson et al. (2014) reported that HbA1c did not differ between those who had
elevated anxiety vs. those who do not 115 and Liakopoulou et al. (2001) did not find differences
in HbA1c between symptomatic and asymptomatic children.139 On the other hand, Shaban et al.
(2006) had contrary results indicating that adolescents who reported at least moderate anxiety,
had higher HbA1c levels than those who had minimal to no anxiety.117 Adolescents with high
anxiety had higher HbA1c than those who reported moderate or low anxiety.37
Summary of studies based on anxiety symptoms (continuous)
Most studies seem to imply a positive correlation between anxiety symptoms and HbA1c (r range:
r= 0.08 to r= 0.35),37,109,145,149,170 but there are also studies disputing an association 29,39,86,148. Both
Santos et al. (2013)109 and Herzer et al. (2010)37 reported a positive correlation, but the
association did not hold after adjusting for diabetes knowledge and resilience,109 while it did in
Herzer et al. (2010) after adjustment for adolescent characteristics and caregiver characteristics.37
Nardi et al. (2008) examined both self- and parent-reported anxiety symptoms, but only parentreported anxiety and withdrawn/depressed scores were correlated with HbA1c (r= 0.35 and r=
0.31, respectively).141
Specific types of anxiety, i.e. needle anxiety 39 and social anxiety,28,138 were not correlated with
HbA1c. Al Hayek et al. (2015)151 assessed different types of anxiety within one study, and reported
that children with HbA1c ≥ 7% had higher scores on social anxiety disorder and lower on school
avoidance both in univariable as adjusted analyses, but not panic disorder, generalized anxiety
disorder, and separation anxiety disorder.
CBCL (Anxious/Depressed or Withdrawn/Depressed) scores did not significantly differ in
between those with optimal HbA1c, moderate HbA1c, or suboptimal HbA1c,146 and suboptimal
vs. adequate HbA1c.125,156,158 Adjusted for covariates, CBCL scores were still not significantly
associated with HbA1c.146 While these studies reported on mixed anxiety/depressive symptoms,
Kristensen et al. (2014) focused on anxiety symptoms alone and reported lower anxiety scores
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in the optimally controlled group vs. those in suboptimal control.111 However, anxiety symptoms
were not associated with higher odds of in target HbA1c.170
Prospective associations between anxiety and HbA1c
Herzer et al. (2011)38 assessed anxiety and HbA1c at baseline, at 6-month follow-up, and at
9-month follow-up. Of all possible bivariate pairs, only baseline and 6-month anxiety scores
were significantly correlated with HbA1c at 9 months.38 After adjustment for covariates, 6-month
anxiety symptoms were predictive of 9-month HbA1c. In the subsample from Herzer et al. (2010)37
that also completed a 12-month follow-up, baseline anxiety symptoms were related to 12-month
HbA1c (both dichotomously as continuously) even after adjustment for covariates.80 A different
study reported anxiety at baseline to be correlated to HbA1c at follow-up, but not after adjustment
for covariates.121

D I SCUSS I O N
The aim of the present review study was to summarize and interpret the current scientific
literature about depression and anxiety in adolescents with T1D diabetes, in terms of prevalence
and severity of depression and anxiety, comparison with controls, and relation with HbA1c. A
total of 155 papers were identified. Overall, anxiety seems to be understudied, as the majority
of the included studies focused on depression. Also, merely 16 of the 121 unique study samples
consisted of adolescents (12- 18 years) only, meaning most estimates are based on samples
also including children (< 12 years old) and/or adults (> 18 years old).
In general, the wide range of instruments to measure depression and anxiety, the different
definitions and cut-off scores, and the varying statistical analyses (both unadjusted and
adjusted), make it difficult to summarize and quantify the results from the included studies.
However, some tentative conclusions emerged from the data.
The prevalence of anxiety and depression varied widely, which depended partly on the method
of assessment. Most studies used questionnaires and reported rates of elevated scores between
10-30%. Lower rates were found for disorders based on medical chart review (4-5%)150,153 and
registry data (7%),30 as well as registry-based antidepressant medication use (< 1%).124
With regard to interview-based rates of depression and anxiety, studies reported on different
time-frames, ranging from point-prevalence to lifetime prevalence. Current mood disorders
ranged from 4-17%,129,135,139,167 while prevalence during 10-year follow-up was 26%,42 and lifetime
prevalence was 4-31%.24,129 For anxiety, current problems disorders ranged from 16%47%,129,135,139,167 while prevalence during 10-year follow-up was 20%,42 and lifetime disorders was
19%.129 Anxiety problems appeared to be more prevalent than mood problems, which is conform
the global trend in children and adolescents.180 The large discrepancies between questionnaire-
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based, registry-based, and interview-based rates give rise to the question what method gives
the most reliable estimate. While questionnaire-based studies may overestimate prevalence
rates,181 registry-based numbers may underestimate the scope of the problem as there is underrecognition and undertreatment of anxiety and depression in primary care.182 Structured
diagnostic interviews approach the gold standard for the diagnosis of anxiety and mood
disorders (clinical interview with psychologist or psychiatrist) and thus give a more precise
estimate.181 However, rates are hard to compare when different timeframes are used. Future
studies are therefore advised to report both current and lifetime prevalence rates in order to
provide a comprehensive view of how often adolescents with T1D face emotional disorders.
The results of the studies that have used self-report measures of depression suggest that
depression does not seem to be more prevalent in youth with T1D than in control groups,
although one study showed anxiety and subthreshold depression to be higher in youth with
T1D than in healthy controls.168 Registry data did suggest incident depression to be significantly
higher in youth with T1D than youth without T1D,160 but the difference in incident depression
and anxiety rates was not always statistically tested.110 With respect to the course of major
depression, an interview-based study reported that adolescents with T1D had a higher risk of
recurrence than adolescents without T1D.77 Similar results have been found for adults with T1D,
with Lustman et al. (1997)183 reporting a higher relapse rate compared with the general
population.184
The severity of depression and anxiety symptoms appeared to be mild when comparing mean
scores with the corresponding cut-off scores (if available), irrespective of which questionnaire
was used. Only two studies reported a mean symptom severity above the clinical cut-off 52,148
and both included a relatively young sample. However, depressive and anxiety symptoms do
appear to be higher in adolescents with T1D than in control-groups, suggesting that presence
of T1D does augment emotional symptom severity.
Whether depression and anxiety are associated with HbA1c is still unclear due to the
methodological differences between studies. Symptom severity appeared to be related to HbA1c,
but this association was much less robust when depression and anxiety were dichotomized.
This could be the result of loss of information and subsequent loss of statistical power.185
Furthermore, clinical cut-off values of self-report questionnaires are often developed balancing
sensitivity and specificity. Overall, sensitivity appears to be higher than specificity for most
depressive symptom screening questionnaires.186 For screening purposes, it is imaginable that
the risk of false negatives outweighs the risk of false positives. However, adopting these cut-off
values may not truly distinguish between those with clinical depression or anxiety versus those
without, possibly explaining why HbA1c did not differ between those scoring below or above
the clinical cut-off values. The few studies with interview-based disorders reported conflicting
results with regard to a potential association with HbA1c.138 24,129,135,139
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We also noted that parent-reported emotional problems were often higher than self-reports,
although this was never statistically tested. A previous meta-analysis concluded that parentchild agreement with respect to internalizing symptoms is lower than agreement with respect
to externalizing symptoms.187 In the general population, parents seem to overlook emotional
distress in their children.188,189 In the context of T1D, however, parent proxy-reported quality of
life is lower than the self-reported quality of life 190 and parents report significantly lower
psychosocial health compared with a healthy control group, while self-reported psychosocial
health does not differ.191
Another observation was that depression rates appeared to be higher in people with T1D and
comorbidities, such as eating disorders.163 In the general population, depression and anxiety
also often co-occurs with eating disorders.192,193 As half of adolescents with T1D report body and
weight issues 194 this may be a particularly vulnerable group in terms of psychopathology.
Strengths and limitations
Strengths of the study are the thorough literature search resulting in 155 studies on depression
and anxiety in samples with at least some adolescents with T1D, as well as the systematic
approach to reviewing all these studies. However, most samples were not adolescent-only
samples, thus results must be interpreted with caution. Furthermore, included studies differed
considerably in research design, assessment methods, and statistical procedures; hence the
quality of the studies also varied. A risk of bias assessment can give more insight into the
reliability of found rates and associations and a meta-analysis can be conducted in order to
summarize effect sizes for the group between 12-18 years specifically. Finally, there were only
a few prospective studies, which also showed conflicting results. High quality prospective
studies are needed to assess the course of depression and anxiety over time, as well as
longitudinal links with HbA1c.
In summary, methodological differences between studies warrant some caution in interpretation
of the results of this review. However, depression and anxiety appeared to be common in
adolescents with T1D, with diagnostic interviews suggesting current depression prevalence
rates of 4-17% and anxiety prevalence rates of 16-47%. Furthermore, even though questionnairebased symptoms seemed to be mild, they were more severe in adolescents with T1D than in
(healthy) controls. Given the differences between studies, it may be too soon to conclude the
presence or absence of an association between depression or anxiety, and HbA1c. When
associations were found, depression, anxiety and HbA1c were most often analyzed as continuous
variables, but high quality (and prospective) studies are needed for a better understanding of
how these emotional problems and HbA1c interact.
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40
295
97

42

187

252

127

Turkey, 2 training and research
hospitals

India, tertiary care hospital

Turkey, university hospital

Saudi Arabia, military hospital

USA, outpatient clinics

USA, university/private partnership
clinic (76%) and a community-based
private practice (24%)

USA, hospital (91%) and summer
diabetes camp (8%)

USA, urban academic affiliated
diabetes center

Adal et al. (2015)145
Cross-sectional, 2006-2008

Agrawal et al. (2016)152
Cross-sectional, 2012

Akbaş et al. (2009)146
Cross-sectional, NR

Al Hayek et al. (2015)151
Cross-sectional, 2013-2014

Baucom et al. (2015)17
Cross-sectional data from the
first wave of a prospective
longitudinal study, NR

Berg et al. (2009)18
Cross-sectional data of the
first wave of a 3-year
longitudinal study, NR

Berg et al. (2007)19
Cross-sectional, NR

Bernstein et al. (2013)20
Cross-sectional, 2010
150

175

n

Country, setting

First author (year)
Design*, year(s) of data
collection

Table 1. Study characteristics of all included studies.

49% (74)

48%(61)

53.6% (135)

64.6% (113)

50.8% (95)

45.2% (19)

39% (38)

42% (125)

Gender,
%female
(n)

17.1 ± NR, 11-25, 11-25

12.85 ± 1.71, NR, 10-15

12.49 ± 1.53, NR, 10-14

17.7± 0.38, NR, 17-18

15.27 ± 1.61, 13-18, 13-18

12.92 ± 2.4, 8-18, NR

9.6 ± 2.69, 5-15, 4-15

14.7± 1.9, 11-18, NR
NR

Age (yrs)
(Mean ± SD, range,
target range)

8.6 ± 1.9%
< 8.5%: 54% (81)

NR
NR

8.4 ± 1.6%
NR

8.19 ± 1.60%
<7.5%: 35.6%(62)

NR
< 7%: 18.2% (34)

8.97 ± 2.1%
Good control <7.5%:
31% (13)
Moderate control
7.5-9%: 19% (8)
Bad control >9 :50%
(21)

Mean over 6 months
prior to enrollment:
9.1 ± 2.08%
< 7.5%: 24% (23)

9.58 ± 2.1%
NR

NR

5% (6)

50.8% (128)

46.3% (81)

19.3% (36)

NR

0% (0)

0% (0)

Treatment
HbA1c
(Mean ± SD)
%CSII
% HbA1c
(n)
within target range (n)

7.1 ± 5.4

4.52 ± 2.86

4.13 ± 3

7.46 ± 3.76

7.1 ± 5.2

2.8 ± 2.6

2.41 ± 1.49

5.93 ± 3.71

Diabetes
duration
(yrs)
(Mean ± SD)
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42% (39)

67% (20)

Germany, diabetes outpatient clinics, 2 93
diabetic self-aid organisations, and
local newspaper advertisements

South-Korea, diabetes camp of a
university hospital

USA, university/private partnership
clinic and a community-based private
practice
Extracted from Berg et al. (2009) 18

Blanz et al. (1993)123
Cross- sectional, unclear

Boo et al. (2015)157
Cross-sectional, 2012-2013

Butler et al. (2011)91
Cross-sectional data from a
longitudinal study, NR

Butler et al. (2007)89
Cross-sectional data from
follow-up phase of a
longitudinal study (16.06
months), NR

47% (37)

42% (87)

55% (83)

51% (19)

78

163

207

n= 150,
11-17 yrs:
n= 100
n= 37

USA, hospital and summer diabetes
camp
Extracted from Berg et al. (2007) 19

Poland, hospital

Poland, tertiary referral center for
pediatric diabetes

USA, hospital

South-Korea, university hospital

Butwicka et al. (2012)128
Cross-sectional, 2010-2011

Butwicka et al. (2016)129,
Cross-sectional data from a
longitudinal study, 2008-2011

Cemeroglu et al. (2015)22
Cross-sectional, NR

Cho et al. (2013)158
Cross-sectional, NR

43% (70)

55% (27)

49

30

Gender,
%female
(n)

n

Country, setting

First author (year)
Design*, year(s) of data
collection

13.8 ± 2.7, 6-17, NR

12.68 ± 2.94, NR, 6-17

13.5 ± 2.7, 8-18, NR

13.6 ± 2.6, 8-18, ≥ 8

14.21 ± 1.68, 11.58-17.42,
NR

12.6 ± 1.54, 10-14, 10-18

13.3 ± 2.8, 8-18, 8-18

18.1 ± NR, 17-19, 17-19

Age (yrs)
(Mean ± SD, range,
target range)

54% (88)

Mean previous year:
7.94 ± 1.68%
NR

9.1 ± 2.0%
< 8%: 27% (10)

8.6 ± 1.2%
NR

Chapter 2

NR

73% (110)

55.1% (114)

NR

Available for n= 53
8.66 ± 1.41%
NR

7.9 ± 1.6%
62.6 ± 17.7 mmol/mol
NR

51% (25)

0% (0)

0% (0)

8.52 ± NR%
NR

8.8 ± 1.8%
≤ 7.5%: 31% (9)

NR
< 7.5= 25% (23)
7.6 – 9.5%= 48% (45)
> 9.5% = 27% (25)

Treatment
HbA1c
(Mean ± SD)
%CSII
% HbA1c
(n)
within target range (n)

3.6 ± 2.9

5.3 ± 3.2

4.0 ± 2.1

4.0 ± 2.0

At least one
year

4.7 ± 2.7

4.0 ± 3.3

8.7 ± NR

Diabetes
duration
(yrs)
(Mean ± SD)
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41

42
NR

Baseline
100% (98)
Follow-up
100% (98)

100% (106)

48% (244)

46.8% (37)

70% (163)

n= 230

Baseline
n= 98
Follow up
n= 98

n= 106

n= 509
Children
n= 88
Adolescents
n= 55
n= 17
n= 79

n= 233

USA, children’s medical center

Canada, hospital for Sick Children

Canada, Hospital for Sick Children

USA, hospital medical center

USA, two private outpatient diabetes
clinics

USA, six Navajo area HIS units and two
tribally operated health facilities

USA, summer camp for children with
diabetes and a children’s medical
Center

The Netherlands outpatient clinics,
online assessment

Clayton et al. (2013)23
Longitudinal, intended
follow-up NR, mean follow-up
NR, 2001-2003

Colton et al. (2013)24
Longitudinal, intended
follow-up 5 yr, mean follow-up
NR, NR

Colton et al. (2007)92
Longitudinal study, intended
follow-up 1 yr, mean follow-up
NR, NR

Corathers et al. (2013)25
Cross-sectional, 2011- 2012

Cote et al. (2003)26
Cross-sectional, unclear

Dabelea et al. (2009)93
Cross-sectional, 2001-2005

Daviss et al. (1995)27
Cross-sectional, 1993

De Wit et al. (2011)132
Cross-sectional, unclear

NR

52.7% (29)

51.5% (17)

Gender,
%female
(n)

n

Country, setting

First author (year)
Design*, year(s) of data
collection

Table 1. continued

15.5 ± 2.2, NR, 9-19

12.8 ± 1.8, 10.0-16.0, NR

15.3 ± 4.5, NR, <20

9.91 ± 1.38, NR, 8-12
14.80 ± 1.69, NR, 13-18

15.5 ± 1.4, NR, 13-17

Baseline:
11.8 ± 1.5, 9.0-14.5, 9–13
Follow-up:
12.9 ± 1.6, 10.2-15.7, NR

Baseline
11.7 ± 1.5, NR, 9-14
Follow-up
16.5 ± 1.6, NR, 14-18

Baseline:
13.82 ± 1.80, 11-18, 11-18

Age (yrs)
(Mean ± SD, range,
target range)

8.1 ± 1.6%
NR

9.6 ± 2.0%
NR

9.8 ± 2.3%
< 8%: 20% (3)

NR

8.9 ± 1.8%
NR

Baseline:
8.2 ± 1.1%
Follow up:
8.5 ± 1.1%

Baseline
8.3 ± 1.1%
67 ± 12 mmol/mol
Follow-up
8.5 ± 1.1%
69 ± 12 mmol/mol

Baseline:
8.48 ± 1.67%
≤ 7.5%: 30% (69)

NR

NR

NR

NR

55% (280)

NR

NR

NR

Treatment
HbA1c
(Mean ± SD)
%CSII
% HbA1c
(n)
within target range (n)

5.9 ± 4.4

4.5 ± 3.4

6.0 ± 4.7

At least one
year

5.9 ± 4.0

4.7 ± NR

Baseline
4.8 ± 2.9
Follow-up
10.7 ± 2.9

Baseline:
4.26 ± 3.48

Diabetes
duration
(yrs)
(Mean ± SD)
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UK, Pediatric clinic in the southwestern n= 70
England

Edgar et al. (2003)114
Cross-sectional, unclear
n= 7602
Adolescents:
n= 3094

58.7% (71)

n= 121,
of whom 12
were aged <
19 years old

USA, diabetes and endocrine center of
Orlando

Eaton et al. (1992)29
Cross-sectional, 1985

USA, pediatric Health Information
System database

48% (2423)

n= 5084

Denmark,
Population-based data (combining the
National Patient Register and the
Danish Civil Registration Register)

Dybdal et al. (2018)110
Longitudinal, intended
follow-up: until there was a
diagnosis of a psychiatric
disorder or emigration from
Denmark or death or
termination of the study
period (31-12-2013), mean
follow-up: 7.8 years, 1996-2013

Garrison et al. (2005)30
Longitudinal, duration of
follow-up: from 3 to 24
months, 2001- 2003

46.7% (14)

n= 30

Turkey, department of Pediatrics,
training and research hospital in
Istanbul

Duru et al. (2016)147
Cross-sectional, 2013- 2014

47% (3576)
Adolescents:
49% (1531)

45.7% (30)

57% (43)

n = 76

2 pediatric outpatient diabetes clinics
in Nashville,Tennessee (USA), Toronto,
Ontario, (Canada)

Di Battista et al. (2009)28
Cross-sectional, 2004- 2007

Gender,
%female
(n)

n

Country, setting

First author (year)
Design*, year(s) of data
collection

11.49 ± 3.42, 5-18, 5-18
Adolescents:
14.86 ± 1.48, 13-18, 13-18

14.1 ± 2.1, NR, 11-18

NR, ≥ 14 years, ≥ 14 years

9.91 ± 4.52, 0-18, 0-18

12.9 ± 2.9, 8-17, 8-17

15.9 ± 1.44, 13-18, 13-18

Age (yrs)
(Mean ± SD, range,
target range)

NR

NR
NR

NR

0% (0)

NR

NR

NR

NR

Chapter 2

8.21 ± 2.03
Mean HbA1c
14-19-year-olds: 9.9 ±
3.4
NR

NR
NR

9.3 ± 2.7%
NR

8.90 ± 1.86 %

Treatment
HbA1c
(Mean ± SD)
%CSII
% HbA1c
(n)
within target range (n)

NR

5.01 ± 4.15

NR

NR

2.8 ± 1.8

6.4 ± 3.6

Diabetes
duration
(yrs)
(Mean ± SD)
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43

44
Gender,
%female
(n)
63.2% (43)

58% (52)

52% (54)

44% (41)

51.1% (73)

63.2% (86)

n

n= 68

n= 89

n= 103

n= 93

n= 143

n= 136

Country, setting

USA, four diabetes treatment centers,
Northeastern states

USA, four diabetes treatment centers

USA, three diabetes treatment centers

USA, outpatient pediatric diabetes
clinic of a university medical center

USA, tertiary care setting

China, 17 tertiary general hospitals, in
all of the 14 cities in Hunan Province

First author (year)
Design*, year(s) of data
collection

Grey et al. (1994)94
Cross-sectional data from a
longitudinal study, unclear

Grey et al. (1995)31
Longitudinal, intended
follow-up at 3, 6, 12, and 24
months, mean follow-up NR,
NR

Grey et al. (1991)86
Cross-sectional, unclear

Gruhn et al. (2016)32
Longitudinal, intended
follow-up at 1 year, mean
follow-up NR, NR

Guilfoyle et al. (2011)33
Longitudinal, intended
follow-up at three months,
mean follow-up NR, unclear

Guo et al. (2013) 164
Cross-sectional data from a
longitudinal study, 2009- 2010
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13.5 ± 3.5, NR, 8-19

16.0 ± 1.4, NR, 13-18

12.6 ± 2.1, 10-16, 10-16

12.9 ± 3.0, 8-18, NR

11.3 ± 2.0, 8-14, 8-14

11.2 ± 1.9, NR, 8-16

Age (yrs)
(Mean ± SD, range,
target range)

9.68 ± 2.86
Subgroup 8-12 years
old:
8.8 ± 2.27%
< 8%: 47.3% (26)
Subgroup 13-19 years
old:
10.31 ± 2.08%
< 7.5%: 21.1% (16)

9.1 ± 2.0 %

Baseline:
7.62 ± 1.15%
< 7.5%: 52.7% (49)
Follow-up:
7.84 ± 6.63%
< 7.5% 44.7% (42)

1.1 ± 3.9% (regarded as
missing)
NR

NR

NR

NR

62.2% (89)

94% (78)

0%

0%

0%

Treatment
HbA1c
(Mean ± SD)
%CSII
% HbA1c
(n)
within target range (n)

3.23 ± NR

6.5 ± 3.8

4.72 ± 3.41

5.3 ± 3.9

5.2 weeks

Newly
diagnosed

Diabetes
duration
(yrs)
(Mean ± SD)
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Gender,
%female
(n)
Baseline:
63.2% (86)
Follow-up:
62.8% (54)

62% (334)

Baseline:
56.5% (104)

56.9% (103)

51% (80)

53% (118)

50% (38)

n

Baseline:
n= 136
Follow-up:
n= 86

n= 537

Baseline:
n= 184
Follow-up:
n= 161

n= 181

n= 157,
of whom 93
with T1D
n= 222
of whom
50% (111)
between
13-17 years
old
n= 76

Country, setting

China, 17 tertiary general hospitals in
all of the 14 cities in Hunan Province

Australia, national online survey

USA, regional university medical
centre, a private hospital and a
regional diabetes centre

USA, diabetes care clinics of a regional
university medical center, a private
hospital, and a regional diabetes care
center

Zambia, 4 major urban hospitals

USA, large academic pediatric
diabetes clinic setting

USA, children’s hospital, summer
camp and local information sessions

First author (year)
Design*, year(s) of data
collection

Guo et al. (2015)159
Longitudinal, intended
follow-up between 6-12
months, mean follow-up NR,
2009- 2010

Hagger et al. (2017)165
Cross-sectional, 2014

Hanna et al. (2014)34
Longitudinal, intended
follow-up: 12 months
(extracted from Hanna et al.
2013 195), mean follow-up NR,
NR

Hanna et al. (2014b)35
Cross-sectional, NR

Hapunda et al. (2017)144
Cross-sectional, unclear

Hassan et al. (2006)36
Cross-sectional, unclear

Helgeson et al. (2009)106
Cross-sectional, unclear

14.54 ± 0.95, 13-16, 13-16

NR, NR, 8-17

39 ± 17, 12-68, ≥ 12,
27% (42) adolescents
(age not specified)

18.2 ± 0.4, NR, 17-19

Baseline:
18.2 ± 0.44, NR, 17-19

15.7 ± 1.9, 13-19, 13-19

Baseline:
13.5 ± 3.5, 8-19, 8-19
Follow-up:
NR, 13-19, 13-19

Age (yrs)
(Mean ± SD, range,
target range)

8.65 ± 1.78%
NR

51% (39)

NR

NR

49.7% (90)

Baseline:
48% (89)
Follow-up:
55.9% (90)

50% (266)

NR

Chapter 2

8.5 ± 1.9%
≤ 8%: 50% (110)

NR

8.87 ± 1.67%
NR

Baseline:
8.9 ± 1.7%
Follow-up:
9.1 ± 2.1

8.1 ± 1.5%
65 ± 16 mmol/mol
NR

Baseline:
9.68 ± 2.93%
NR
Follow-up:
9.71 ± 2.83%
NR

Treatment
HbA1c
(Mean ± SD)
%CSII
% HbA1c
(n)
within target range (n)

6.34 ± 3.22

NR

NR

8.6 ± NR

Baseline:
8.5 ± 3.96

6.5 ± 4.5

Baseline:
3.23 ± NR
Follow-up:
At least 3.23

Diabetes
duration
(yrs)
(Mean ± SD)
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45

46
53% (70)

53% (70)

47.5% (131)

n= 132

n= 132

n= 276

USA, children’s hospital
Helgeson et al. (2009b)8
Longitudinal, annual follow-up
for four years, unclear

USA, Children’s hospital

USA, two pediatric diabetes centers

Helgeson et al. (2007)95
Longitudinal, intended
follow-up: 2 years in three
waves, mean follow-up NR, NR

Herzer et al. (2010)37

51.7% (76)

64% (34)

62% (294)

51.3% (77)

n= 147

n= 53

n= 471

n= 150

USA, pediatric tertiary care center

USA, children’s hospital

Australia, national web survey

USA, diabetes center

Herzer et al. (2011)38
Longitudinal, intended follow
up at 6 and 9 months, mean
follow-up NR, NR

Hilliard et al. (2009)87
Baseline measurement prior
to pump use in a longitudinal
study, intended follow up at 1,
6, and 12 months after pump
start, mean follow-up NR, NR

Hilliard et al. (2017)170
Cross-sectional, 2014

Hilliard et al. (2011)80
Longitudinal, intended follow
up at 12 months, mean
follow-up NR, NR

Cross-sectional, NR

Gender,
%female
(n)

Country, setting
n

First author (year)
Design*, year(s) of data
collection
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15.5 ± 1.4, 13-18, 13-18

15.7 ± 1.9, 13-19, 13-19

12.0 ± 2.4, 8-17, 8-17

15.5 ± 1.4, 13-18, NR

15.6 ± 1.39, 13.0-18.5,
13-18

12.08 ± 0.73, 10.70-14.21,
11-13

12.10 ± 0.77, 10.73-14.21,
11-13

Age (yrs)
(Mean ± SD, range,
target range)

8.8 ± 1.9%
Follow-up:
8.9 ± 1.8%

8.2 ± 1.6%
66 ± 17 mmol/mol
≤ 7.5%/58.0 mmol/mol
38.7% (163)

7.5 ± 0.87%
NR

At 9-month follow-up:
9.1 ± 2.1%
NR

8.9 ± 1.8%
NR

8.04 ± 1.31%
NR

8.04 ± 1.31%
NR

63.3% (95)

53% (249)

0%

63.3% (93)

55.1% (152)

NR

26% (34)

Treatment
HbA1c
(Mean ± SD)
%CSII
% HbA1c
(n)
within target range (n)

6.0 ± 3.9

6.9 ± 4.2

4.4 ± 3.3

6.0 ± 3.8

6.61 ± 4.01

4.91 ± 2.98

4.91 ± 2.98

Diabetes
duration
(yrs)
(Mean ± SD)
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45% (84)

Baseline:
56.7% (479)

56% (81)

n= 187

Baseline:
n= 1026
12 months
follow-up:
n= 540
24 months
follow-up:
n= 520
60 months
follow-up:
n= 454
n= 145

USA, tertiary diabetes clinic

USA, SEARCH study sites four
geographically defined populations in
Ohio, Washington, South Carolina, and
Colorado; health plan enrollees in
Hawaii and California; and Indian
Health Service beneficiaries from four
Native American populations.

USA, pediatric diabetes center

USA, SEARCH study sites from four
geographically defined populations in
Ohio, Washington, South Carolina, and
Colorado; health plan enrollees in
Hawaii and California; and Indian
Health Service beneficiaries from four
Native American populations.

Hood (2009)82
Cross-sectional, NR

Hood et al. (2014)
Longitudinal, intended
follow-up at 12, 20, and 60
months after baseline, mean
follow-up NR, NR

Hood et al. (2006)84
Cross-sectional, NR

Hood et al. (2012)97,
Cross-sectional, 2001-2004

51.1% (1025)

NR

n= 46

USA, three outpatient endocrinology
clinics

Hoff et al. (2005)81
Cross-sectional, NR

n= 2007

51% (77)

n= 150

USA, tertiary pediatric medical center

Hilliard et al. (2013)96
Longitudinal, Intended
follow-up a 18 and 24 months,
mean follow-up period
between first and second visit
was 7 months and from first to
third visit was ,13.4 months,
and from first to fourth visit
was 19.7 months, NR

83

Gender,
%female
(n)

n

Country, setting

First author (year)
Design*, year(s) of data
collection

15.0 ± 3.1, <20, NR

14.9 ± 2.3, 10-18, NR

13.7 ± 2.5, NR, NR

14.4 ± 2.4, NR, 10-18

12.33 ± 2.88, 8-18, NR

15.5 ± 1.4, 13-18, 13-18

Age (yrs)
(Mean ± SD, range,
target range)

8.4 ± 1.7%
NR

8.7 ± 1.4%
NR

NR

0% (0)

NR

47% (88)

NR

63% (95)

Chapter 2

Baseline:
7.7 ± 0.1%
12-month follow-up:
8.5 ± 0.1%
24 months follow-up:
8.9 ± 0.1%
60 months follow-up:
9.3 ± 0.1%

NR

9.0 ± 1.5%

NR
NR

8.8 ± 1.9%
NR

Treatment
HbA1c
(Mean ± SD)
%CSII
% HbA1c
(n)
within target range (n)

5.2 ± 4.3

8.3 ± 3.5

Baseline:
0.87 ± 0.54

6.5 ± 3.9

4.49 ± 3.50

6.0 ± 3.9

Diabetes
duration
(yrs)
(Mean ± SD)
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47

48

Country, setting

46.7% (122)
52%(16)
46%(54)

Baseline:
45% (53)

59.4% (57)

52.4% (45)

n= 261
n= 30
n= 118

Baseline:
n= 117
6-month
follow-up:
n= 105
12-month
follow-up:
n= 99
n= 96

n= 86

USA, two pediatric diabetes centers

USA, pediatric diabetes clinic of a
university medical center

USA, outpatient diabetes clinic

USA, outpatient diabetes clinic

UK, two clinics for young adults

Pakistan, children’s hospital and
children’s health institute

Ingerski et al. (2010)98
Cross-sectional, NR

Jaser et al. (2010)40,
Cross-sectional, NR

Jaser et al. (2014)78
Cross-sectional, NR

Jaser et al. (2017)79
Longitudinal, intended
follow-up at 6 and 12, mean
follow-up NR, unclear

Johnson et al. (2014)115
Cross-sectional, 2010-2011

Khan et al. (2014)155

Cross-sectional, 2011

47.8% (11)

n= 23

Baseline:
52.4% (76)

Baseline:
n= 145

USA, hospital

Gender,
%female
(n)

n

Howe et al. (2011)39
Longitudinal, intended
follow-up 6-9 months, mean
follow-up NR, 2003-2005

USA, tertiary pediatric diabetes clinic
Hood et al. (2011)85
Longitudinal, intended
follow-up: 6 months, mean NR,
unclear

First author (year)
Design*, year(s) of data
collection
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NR ± NR, 7-15, NR

18.1 ± 1.3, 16-21, NR

Baseline:
12.8 ± 2.1, 10-16, 10-16

12.8 ± 2.0, 10-16, 10-16

12.6 ± 1.6, 10-16, 10-16

15.7 ± 1.4, NR, 13-18

9.9 ± NR, NR, 4.9-16.2

Baseline:
15.5 ± 1.4, 13-18, NR

Age (yrs)
(Mean ± SD, range,
target range)

NR
≤ 7.5%: 15.1% (13)

10.0 ± 2.1%
86 ± 23 mmol/mol
<7 .5%/ 58mmol/mol:
9.4% (9)

Baseline:
7.6 ± 1.1
12-month follow-up:
7.92 ± 1.24%

NR

7.64 ± 1.12%

7.9 ± 1.5%
NR

9.0 ± 1.8%
NR

NR
NR

Baseline:
8.8 ± 1.9%
Follow-up:
9.1 ± 2.1

NR

11.5% (11)

Baseline:
82.9% (97)

18% (21)

74% (23)

55.9% (54)

NR

Baseline:
63.5% (92)

Treatment
HbA1c
(Mean ± SD)
%CSII
% HbA1c
(n)
within target range (n)

At least one
year

8.1 ± 4.7

Baseline:
5.1 ± 3.7

4.9 ± 3.6

5.8 ± 4.7

7.0 ± 3.9

Newly
diagnosed

Baseline:
5.9 ± 3.8

Diabetes
duration
(yrs)
(Mean ± SD)
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51% (44)
86% (43)

n= 86
n= 50

Egypt, university children’s diabetes
clinic

USA, diabetes center for children

Khater et al. (2017)143
Cross-sectional, 2015

Knight et al. (2015)41,

49% (102)

49% (62)
45% (117)
Baseline:
53.2% (49)

48.5% (32)

52.3%(46)

n= 209

n= 127
n= 260
n= 92

n= 66

n= 88

Brazil, outpatient clinics

USA, outpatient pediatric diabetes
clinics

India, department of endocrinology

USA, inpatient service in a children’s
hospital

USA, inpatient service in a children’s
hospital

USA, inpatient service in a children’s
hospital

Knychala et al. (2015)107
Cross-sectional, 2011-2012

Korbel et al. (2007)88
Cross-sectional, NR

Kota et al. (2012)153
Cross-sectional, 1997-2011

Kovacs et al. (1997)42
Longitudinal, intended
follow-up: 10 years, mean
follow-up 9.1 years, 1978-1985

Kovacs et al. (1995)99
Longitudinal, intended
follow-up: 10 years, mean
follow-up NR, 1978-1985

Kovacs et al. (1996)76
Longitudinal, intended follow
up: 10 years, mean follow-up:
8.6 years, 1978-1985

Cross-sectional, 2012-2014

Gender,
%female
(n)

n

Country, setting

First author (year)
Design*, year(s) of data
collection

Final follow-up:
19.7 ± 3.2, NR, NR

Baseline:
11.0 ± 1.5, 8.1-13.8, 8-13

Baseline:
11 ± NR, 8.4-13.7, 8-13

Baseline:
11.0 ± 1.5, 8.2-13.8, 8-13
Final follow-up:
19.6 ± NR, 11.5-26.5, NA

20.8 ± 9.8, 3-23, NR

12.84 ± 1.71, 10-15, NR

NR ± NR, 14-40, 14-40

15.0 ± 3.3, NR, NR

11.1 ± 2.9, NR, NR

Age (yrs)
(Mean ± SD, range,
target range)

NR

NR

NR

NR

5% (6)

NR

42%(21)

NR

Chapter 2

Average during
follow-up:
11.99 ± 2.28

Baseline NR

11.83 ± 2.36%
Long-term metabolic
control was based on
all
HbA1c values for a
patient during study
observation.
<14.3% 39.4% (26)

NR

NR
NR

8.92 ± 1.47%
NR

NR
< 7.5%: 9.1% (19)

NR

NR

8.92 ± 1.80%
NR

Treatment
HbA1c
(Mean ± SD)
%CSII
% HbA1c
(n)
within target range (n)

Final
follow-up:
8.7 ± 2.9

Baseline:
NR

9.57 ± 2.33 at
the end of
the study

Newly onset
at baseline

Newly
diagnosed

NR

4.55 ± 2.87

NR

NR ± NR

5.0 ± 2.18

Diabetes
duration
(yrs)
(Mean ± SD)
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49

50
51.5% (405)

60% (30)
59.5% (25)
Total sample:
39.7% (83)
T1D sample:
41.1% (23)
Total sample:
38.7% (111)
T1D sample:
41.7% (30)

n= 786

n= 50
n= 42
Total
sample:
n= 209
T1D sample:
n= 56
Total
sample:
N= 287
T1D sample:
n= 72

Denmark, Danish Registry of
Childhood Diabetes

USA, endocrine clinic at a children’s
hospital

USA, university Diabetes Metabolic
Unit

Switzerland, four children’s hospitals

Switzerland, four children’s hospitals

USA, SEARCH study sites from
geographically defined populations in
Ohio, Washington, South Carolina, and
Colorado; Indian Health Service
beneficiaries from 4 American Indian
populations; and enrollees in
managed health care plans in Hawaii
and southern California

Kristensen et al. (2014)111
Cross-sectional, NR

Kuttner et al. (1989)43
Cross-sectional, NR

La Greca et al. (1995)44
Cross-sectional, NR

Landolt et al. (2003)130
Cross-sectional, NR

Landolt et al. (2012)126
Longitudinal, intended
follow-up at 12 months, mean
follow-up NR, NR

Lawrence et al. (2006)175,
Cross-sectional, 2001-2005
Type 1
diabetes
sample:
n= 2266

52% (1391)

54.7%(13)

n= 24

USA, inpatient service in a children’s
hospital

Kovacs et al. (1997b)77
Longitudinal, intended
follow-up, mean follow-up: 8.6
years years, mean NR,
1978-1985

n= 2672

Gender,
%female
(n)

n

Country, setting

First author (year)
Design*, year(s) of data
collection
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NR
NR

9.53 ± 2.38%
NR

9.9 ± 1.8 %
NR

8.06 ± 1.14%
NR

NR
NR

15.3 ± NR, 10-21, < 20
years in 2001
Type 1 diabetes sample:
15.0 ± NR

8.4 ± 1.9%
NR

NR

NR

NR

0% (0)

0% (0)

42.8% (443)

NR

Treatment
HbA1c
(Mean ± SD)
%CSII
% HbA1c
(n)
within target range (n)

Total sample:
NR
10.36 ± 2.52, 6.5-16, 6.5-16
T1D subgroup:
10.67 ± 2.50, 6.5-16, 6.5-16

Total sample:
10.0 ± 2.3, 6.5-14.5,
6.5-14.5
T1D sample:
10.4 ± 2.5

15.8 ± 1.8, 12-18, 12-18

13.8 ± 2.1, 10-16, 10-16

13.4 ± 2.6, NR, 4-17

Baseline:
11.2 ± 1.5, 8-13, 8.3-13.5

Age (yrs)
(Mean ± SD, range,
target range)

Type 1
diabetes
sample:
66.2 months

5 ± NR

5-6 weeks
after
diagnosis

5-6 weeks
after
diagnosis

6.9 ± 4.4

7.0 ± 3.5

5.24 ± 3.28

NR

Diabetes
duration
(yrs)
(Mean ± SD)
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T1D sample:
52% (13)
50.9% (28)
51.9% (27)
T1D
47.1% (32)

100% (1373)

n= 52
of whom 25
had T1D
n= 55
n= 52
T1D
n= 68

n= 1373

n= 54

Australia, one children’s hospital

Greece, diabetes clinic

Greece, Diabetes Center from a
university hospital and college

Scotland, three pediatric
endocrinology and two pulmonary
specialty clinics

Taiwan, Taiwan’s national Health
Insurance Research Database

USA, two diabetes clinics: Clinic 1 is
within a large tertiary children’s
hospital that serves patients of mixed
socio-economic status and insurance
types. Clinic 2 is within the Los Angeles
county hospital system, which mainly
provides medical care for
underrepresented populations, often
minorities and those with public or no
insurance.

Leung et al. (1997)166
Cross-sectional, NR

Liakopoulou et al. (2001)139
Cross-sectional, NR

Liamou et al. (1994)140
Cross-sectional, NR

Lopez et al. (2008)118
Cross-sectional, NR

Lu et al. (2016)160
Longitudinal study, intended
follow-up: 5 years, mean
follow-up NR, 2000-2007

Lu et al. (2015)46
Cross-sectional, 2012

46.2% (25)

50% (1301)

n= 2602
Aged ≥ 10:
n= 2027

USA, SEARCH study sites from
geographically defined populations in
Ohio, Washington, South Carolina, and
Colorado; Indian Health Service
beneficiaries from 4 American Indian
populations; and enrollees in
managed health care plans in Hawaii
and southern California.

Lawrence et al. (2012)100
Cross-sectional, 2001
prevalent and 2002-2005
incident cohort

Gender,
%female
(n)

n

Country, setting

First author (year)
Design*, year(s) of data
collection

15.8 ± 1.8, NR, 13-18

Baseline
12.2 ± 3.5, NR, 5-18

NR

26.18 ± 9.66, NR, NR

12.9 ± 1.99, NR, NR

T1D sample:
16.2 ± 0.38, NR, 12-19

13.6 ± 4.1, NR, ≥ 5 years
and < 20

Age (yrs)
(Mean ± SD, range,
target range)

48.1%(26)

NR

NR

NR

NR

NR

22% (574)

Chapter 2

8.4 ± NR %
< 7.5%: 22% (12)

NR

NR
NR

NR
Cut-off NR: 36.5% (19)

10.44 ± 2.18 %
NR

T1D sample:
9.3 ± 0.38 %
NR

8.5 ± 1.6%
≤ 9.5: 79.9% (2079)

Treatment
HbA1c
(Mean ± SD)
%CSII
% HbA1c
(n)
within target range (n)

7.9 ± 4.5

NR

6.7 ± 4.6

9.77 ± 8.29

3.9 ± 2

T1D sample:
7.4 ± 0.71

5.2 ± 3.92

Diabetes
duration
(yrs)
(Mean ± SD)
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51

52
54% (64)

60% (148)

40.6% (43)
43.9%
(13382) in
1997 and
41.7%
(14733) in
2007
51% (64)

47% (115)

n= 118

n= 247

n= 106
n= 30463 in
1997 and
n= 35323 in
2007;
numbers
per age
category NR
n= 126

n= 244

USA, interdisciplinary outpatient
pediatric endocrinology clinic

USA, two pediatric endocrinology
clinics

Portugal, Portuguese Association for
Protection of Diabetic Patients

Finland, registries

USA, clinic

USA, five pediatric endocrinology/
diabetes clinics

USA, three pediatric diabetes centers

Main et al. (2014)47
Cross-sectional, NR

Main et al. (2015)48
Cross-sectional baseline data
from a 2-year longitudinal
study, NR

Manarte et al. (2009)142
Cross-sectional, 2007

Manderbacka et al. (2011)112
Longitudinal, intended
follow-up 10 years, mean
follow-up NR, 1997-2007

Markowitz et al. (2015)49
Cross-sectional, NR

McCarthy et al. (2002)50
Cross-sectional, NR

McGill et al. (2018)51
Longitudinal, intended
follow-up at 1, 6 and 12
months after onset or pump
start, mean follow-up NR, NR

51% (53)

57% (86)

n= 151
of whom
145 had
complete
data

NL, nine hospitals (extracted from
Maas-Van Schaaijk et al., 2011171)

Maas- Van Schaaijk et al.
(2013)133
Cross-sectional, NR

n= 96

Gender,
%female
(n)

n

Country, setting

First author (year)
Design*, year(s) of data
collection
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13.2 ± 2.1, 10-17, 10-17

14.8 ± 3.2, NR, 8-18

12.8 ± 2.7, 8-17, 8-17

NR, NR, 15-no upper
limits

36.3 ± 13.6, 12-72, ≥ 16

17.76 ± 0.39, NR, NR

12.74 ± 1.64, NR, 10-15

14.89 ± 1.71, 12-18, 12-18

Age (yrs)
(Mean ± SD, range,
target range)

10.04 ± 2.57%

NR for total group

8.0 ± 0.9%

NR

9.2 ± 1.8%
≤ 7%: 9.3% (10)

8.3 ± 1.63 %
NR

8.55 ± 1.55%
NR

8.3 ± 1.46%
NR

44% (42)

0% (0)

83% (105)

NR

NR

42% (104)

25% (30)

53% (80)

Treatment
HbA1c
(Mean ± SD)
%CSII
% HbA1c
(n)
within target range (n)

1.8 ± 3.0

7.1 ± 3.9

6.0 ± 3.5

NR

16.5 ± 10.6

7.35 ± 3.89

4.12 ± 2.78

5.74 ± 3.92

Diabetes
duration
(yrs)
(Mean ± SD)
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43% (2361)

62.2% (217)

64% (16)

55% (26)

n= 5548

n= 349

n= 25

n= 47

UK, data from the Clinical Practice
Research datalink

Kuwait, 182 different schools

USA, large children’s hospital in the
southwest of the USA

Turkey, pediatrics endocrinology clinic

Morgan et al. (2014)116
Longitudinal, intended
follow-up until a depression
outcome or censoring on the
earliest of their date of death,
date of leaving and date of last
data collection in the practice,
mean follow-up 4.8 years,
1988-2010

Moussa et al. (2005)149
Cross-sectional, 2000-2002

Mullins et al. (1995)52
Cross-sectional, NR

Mutlu et al. (2015)148
Cross-sectional, 2014-2015

75% (12)

47.5% (131)

n= 276

USA, two pediatric diabetes clinics

McGrady et al. (2009)73
Cross-sectional, NR

n= 16

52% (75)

n= 144

USA, pediatric diabetes clinic

McGrady et al. (2010)101
Longitudinal study, intended
follow-up at 6 months, mean
follow-up NR, NR

Nakazato et al. (2000)161
Japan, Division of Endocrinology and
Longitudinal, intended
division of Psychiatry at Chiba
follow-up: twice-a-week
Children’s Hospital
follow-up during 5 years, mean
follow-up y ± 2.3 years,
1988-1997

Gender,
%female
(n)

n

Country, setting

First author (year)
Design*, year(s) of data
collection

14.3 ± 5.1, NR, NR

9.87 ± 1.63, 8-12, 8-12

9.84 ± NR, 7-13, 7-13

13.38 ± 3.18, 6-18, 6-18

17.7 ± 9.3, NR, NR-35

15.6 ± 1.4, NR, NR

15.45 ± 1.39, 13-18, 13-18

Age (yrs)
(Mean ± SD, range,
target range)

NR

0% (0)

NR

NR

NR

55.1% (152)

64% (92)

Chapter 2

NR for total sample
NR

8.38 ± 1.45% / 68.04 ±
15.82 mmol/mol
NR

NR

NR

NR

NR

8.9 ± 1.8%

3.57 ± 1.52%

Treatment
HbA1c
(Mean ± SD)
%CSII
% HbA1c
(n)
within target range (n)

6.7 ± NR

2.77 ± 1.86

NR

NR

Newly
diagnosed

6.6 ± 1.81

5.94 ± 3.78

Diabetes
duration
(yrs)
(Mean ± SD)
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53

54
Total sample:
44.3% (31)

37.5% (18)

44% (18)

100% (76)

53.8% (98)

Total
sample:
n= 70

n= 48

n= 41

n= 76

n= 183

Italy, pediatric multidisciplinary
diabetes center

USA, a pediatric diabetes university
clinic and at a sponsored camp for
diabetic children

Australia, children’s hospital

Canada, children’s hospital

USA, university diabetes clinic or
university based private practice

Nardi et al. (2008)141
Cross-sectional, 2006

Niemcryk et al. (1990)53
Longitudinal, median
follow-up 182 days, NR

Northam et al. (2005)167
Cross-sectional data from a
prospective study, 1990-1992

Olmsted et al. (2008) 21
Longitudinal, intended
follow-up: five assessments
over five years, mean
follow-up NR, baseline
1998-2001

Osborn et al. (2013)54
Cross-sectional data from the
fourth wave of a longitudinal
study, intended follow-up:
each 6 months for three years,
mean follow= up NR, NR

14-18 yr:
n= 36

11-13 yr:
n= 23

6-10 yr:
n= 11

Gender,
%female
(n)

n

Country, setting

First author (year)
Design*, year(s) of data
collection
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14.1 ± 1.51, NR, NR

11.9 ± 1.4, NR, 9-13

14.9 ± 2.1, NR, 11-18

19.89 ± 1.97, NR, 17.5-25

14-18 yr:
16.2 ± 1.3, NR, 14-18

11-13 yr:
12.5 ± 0.9, NR, 11-13

6-10 yr:
9.0 ± 1.3, NR, 6-10

Total sample:
13.8 ± 3.0, NR, 6-18

Age (yrs)
(Mean ± SD, range,
target range)

8.71 ± 1.72%
NR

8.3 ± 1.1%
NR

9.3 ± 1.5%
NR

7.89 ± 2.08%
NR

14-18 yr:
8.6 ± 1.2%
NR

11-13 yr:
8.6 ± 1.6%
NR

6-10 yr:
8.3 ± 1.0%
NR

Total sample:
8.6 ± 1.3%
NR

64.4% (118)

NR

NR

0% (0)

0% (0)

Treatment
HbA1c
(Mean ± SD)
%CSII
% HbA1c
(n)
within target range (n)

NR

4.3 ± 3.1

NR

9.24 ± 5.25

14-18 yr:
7.2 ± 3.9

11-13 yr:
5.1 ± 3.0

6-10 yr:
4.7 ± 2.5

Total sample:
6.1 ± 3.6

Diabetes
duration
(yrs)
(Mean ± SD)
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Gender,
%female
(n)
50.4% (59)

42% (21)

54% (23)

51% (168)

NR

NR
59% (23)

n

n= 117

n= 50

n= 43

n= 326

Total
sample: n=
93
n= 31 with
type
diabetes
n= 53986
n= 39

Country, setting

USA, originally from Children’s
Hospital

USA, pediatric endocrinology clinic

USA,
three different sites: Augusta University
in
Augusta, GA; Emory University in
Atlanta, GA; and
Joslin Diabetes Center in Boston, MA

Israel, juvenile diabetes clinic

Serbia, Institute for Child and Youth
Health Care of Vojvodina in Novi Sad

Germany, German Diabetes Register,
364 participating diabetes clinics

USA, diabetes clinic in a northwest
suburban Chicago hospital

First author (year)
Design*, year(s) of data
collection

Palladino et al. (2013)55
Longitudinal, intended follow
–up: 12 months, mean
follow-up NR, NR

Perfect et al. (2012)56
Cross-sectional, NR

Peterson et al. (2018)57
Cross-sectional, NR

Pinhas-Hamiel et al. (2015)150
Cross-sectional, 2012-2013

Pisarić and Nišević (2011)131
Cross-sectional, NR

Plener et al. (2015)124
Cross-sectional, 2011

Potts et al. (2015)58,
Cross-sectional, NR

12.5 ± 2.73, NR, NR

NR, NR, younger 25 years

NR, 12-16, NR

18.5 ± 6.0, 6.2–30.0, 5-30

12.86 ± 1.83, 10-17, 10-17

13.42 ± 2.12, 10.26-16.97,
10-16

18.15 ± 0.41, NR, NR

Age (yrs)
(Mean ± SD, range,
target range)

8.39 ± 1.63%
NR

NR
NR

NR
NR

8.1 ± 1.3%
NR

8.30 ± 1.29%
NR

9.08 ± 1.97%
NR

NR

8.9 ± 1.75%

Chapter 2

NR

NR

NR

62.9% (205)

0% (0)

62% (31)

57.5% (68)

Treatment
HbA1c
(Mean ± SD)
%CSII
% HbA1c
(n)
within target range (n)

4.00 ± 3.42

NR

NR

8.7 ± 5.0

4.3 ± 3.5

5.35 ± 3.11

11.2 ± 3.10

Diabetes
duration
(yrs)
(Mean ± SD)
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56
Gender,
%female
(n)
Adolescents:
NR
45% (22)

54% (136)

47% (60)

NR
53% (45)

48.7% (55)

55.6% (15)
44.7% (122)

n

Adolescents:
n= 182
n= 49

n= 252

n= 128
of which 82
had type 1
diabetes,
n= 46 had
cystic
fibrosis
n= 34
n= 85

n= 113

n= 27
n= 273

Country, setting

USA, unclear

India, tertiary care institute

USA, university/private partnership
clinic and a community-based
independent practice

USA (Southeast), children’s hospital

USA, pediatric department of medical
school

Brazil, outpatient diabetes center

Brazil, outpatient diabetes center

USA, university hospital clinics

UK, outpatient clinics in general
hospital

First author (year)
Design*, year(s) of data
collection

Powers et al. (2017)59
Cross-sectional, NR

Puri et al. (2013)154,
Cross-sectional, NR

Rassart et al. (2017)60
Longitudinal, intended
follow-up: 1.5 years, mean
follow-up: NR, NR

Reynolds et al. (2014)61,
Cross-sectional, 2008-2009

Rothbaum et al. (1992)62,
Cross-sectional, NR

Santos et al. (2013)109
Cross-sectional, 2012

Santos et al. (2015)108
Cross-sectional, 2013

Schoenherr et al. (1992)63
Cross-sectional, NR

Shaban et al. (2006)117
Cross-sectional, NR
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38.7 ± 11.4, NR, 16-60

12.7 ± 2.7, NR, NR

NR, 11-23, NR
54.8% (62) in the age
range 11-18

17.7 ± 3.72, 11-22, NR
48% (41) between the
ages of 11-18

NR ± NR, 7.5-18, NR

14.7 ± 1.8, NR, NR

12.49 ± 1.53, NR 10-14,

11.7 ± 3.1, 6.5-18, NR

Adolescents:
NR ± , 12-18, 12-18

Age (yrs)
(Mean ± SD, range,
target range)

8.8 ± 1.5%
NR

NR
NR

9.3 ± 2.3%
NR

9.3 ± 2.3%
≤7.5% 23.5% (20)

NR
NR

NR

NR
NR

9.5 ± 2.01%
22.9% within target
range (ADA norms)

Adolescents:
NR

NR

NR

NR

NR

NR

NR

51% (129)

NR

Adolescents:
NR

Treatment
HbA1c
(Mean ± SD)
%CSII
% HbA1c
(n)
within target range (n)

17.2 ± 12.0

3.4 ± 3.1

NR

NR

5.08 ± NR

NR

4.74 ± 2.96

4.3 ± 3.7

Adolescents:
NR

Diabetes
duration
(yrs)
(Mean ± SD)
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49% (128)

100% (20)

43% (23)

50% (20)

43% (32)

Follow-up:
46% (25)

Baseline:
43% (32)
Follow-up:
46% (24)
60% (139)

n= 261

n= 20

n= 53

n= 40

n= 74

Follow-up:
n= 54

Baseline:
n= 74
Follow-up:
n= 52
n= 231

USA, Pediatric Diabetes Consortium
(PDC) includes eight academic
pediatric diabetes treatment centers

USA, three different outpatient
pediatric clinics (pediatric wellness
clinic, diabetes clinic, eating disorder
clinic) of a large U.S. medical center

Australia, public hospital pediatric
diabetes clinics and the general
population in North Queensland

Norway, large population-based study
in Hordaland County

UK, pediatric clinics of four regional
hospitals in the south of England

England, four regional hospitals in
Southern England

England, four regional hospitals

USA, children’s medical center

Silverstein et al. (2015)64
Cross-sectional, NR

Sim et al. (2009)65
Cross-sectional, NR

Sinnamon et al. (2012)168
Cross-sectional, NR

Sivertsen et al. (2014)113
Cross-sectional, 2012

Skinner and Hampson
(1998)119
Cross-sectional, NR

Skinner and Hampson
(2001)121
Longitudinal, intended
follow-up: 1 year, mean
follow-up NR, NR

Skinner et al. (2000)122
Longitudinal, intended
follow-up: 6 months, mean
follow-up NR, NR

Stewart et al. (2005)66
Baseline data of a longitudinal
study, intended follow-up 2
years, mean follow-up NR,
2001-2003

Gender,
%female
(n)

n

Country, setting

First author (year)
Design*, year(s) of data
collection

13.87 ± 1.79, 11-18, 11-18

Baseline:
15.2 ± 1.8, NR ,12-18
Follow-up:
15.6 ± 1.9

Baseline age:
14.51 ± 1.84, NR, 12-18

15.18 ± 2.01, 12-18, 12-18

17.9 ± 0.8, 16-19, NR

12.36 ± NR, 6-18, 7-18

15.3 ± 1.7, NR, 13-18

13.9 ± 2.1, 10-17, 10-17

Age (yrs)
(Mean ± SD, range,
target range)

8.61 ± 1.76%
NR

NR
NR

NR
NR

NR

NR

NR

8.23 ± 2.78%
NR

NR

0% (0)

0% (0)

NR

NR

NR

NR

NR

Chapter 2

8.3 ± 1.7%
67 ± 18 mmol/mol
NR

Treatment
HbA1c
(Mean ± SD)
%CSII
% HbA1c
(n)
within target range (n)

4.20 ± 3.45

Follow-up:
5.9 ± 3.6

Baseline:
5.3 ± 3.7

Baseline
diabetes
duration:
4.89 ± 3.73

4.86 ± 3.69

NR

NR

7.5 ± NR

NR

Diabetes
duration
(yrs)
(Mean ± SD)
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58
57% (86)
60% (139)

NR
Total sample
72% (46)

40.6% (13)

n= 151
n= 231

n= 32
Total
sample
(including
children
without
diabetes) n=
64
n= 32
Total
sample
(including
children
with short
stature) n=
58
T1D and
comorbid
mental illness
hospitalizations
n= 57122
Total
hospitalizations
n= 7312611

USA, Children’s Endocrinology Center

USA, metropolitan pediatric hospital

USA, clinic

USA, pediatric endocrinology care

USA, Kids’ Inpatient Database

Stewart et al. (2011)67
Cross-sectional, NR

Stewart et al. (2009)104
Cross-sectional analysis of a
longitudinal study, intended
follow-up: 5 years, mean
follow-up NR, NR

Storch et al. (2004)102
Cross-sectional, NR

Storch et al. (2005)68
Cross-sectional, NR

Sztein et al. (2016) 69
Cross-sectional, 2009

Total
hospitalizations
52.6%
(3846380)

NR

Gender,
%female
(n)

n

Country, setting

First author (year)
Design*, year(s) of data
collection
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NR

NR
Total sample 12.85 ± 2.70,
8-19, NR

NR
Total sample 12.9 ± 2.7,
8-18, NR

13.87 ± 1.79, 11-18, 11-18

13.26 ± 1.38, 11-15, 11-15

Age (yrs)
(Mean ± SD, range,
target range)

NR
NR

NR
NR

NR
NR

8.61 ± 1.76%
NR

8.74 ± 1.68%
NR

NR

NR

NR

NR

8%(12)

Treatment
HbA1c
(Mean ± SD)
%CSII
% HbA1c
(n)
within target range (n)

NR

NR

NR

4.20 ± 3.45

4.53 ± 2.94

Diabetes
duration
(yrs)
(Mean ± SD)
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n= 65
100% (65)
women with
T1D, (n= 22
with bulimia
nervosa,
(BN), n= 11
with
binge-eating
disorder
(BED); n= 32
controls
with T1D no
eating
disorder)
100% (79)

49% (26)

53.6% (135)

54% (64)

n= 79
women: of
whom n= 55
with bulimia
nervosa and
n= 24 with
binge eating
disorder
n= 53

n= 252

n= 118

Japan, outpatient clinic (participants
referred to Department of
Psychosomatic Medicine for treatment
of disordered eating and T1D) and
diabetes center (controls)

Japan, outpatient clinic (participants
referred to Department of
Psychosomatic Medicine for treatment
of disordered eating and T1D)

USA, outpatient diabetes clinic

USA, university/private partnership
clinic (76%) and a community-based
private practice (24%)

USA, large pediatric endocrinology
clinic

Takii et al. (1999)163
Cross-sectional, 1994-1998

Takii et al. (2002)162
Cross sectional, 1994-2001

Tercyak et al. (2005)70
Cross-sectional, NR

Tran et al. (2011)71
Cross-sectional, NR

Tucker et al (2018)103
Cross-sectional, NR

Gender,
%female
(n)

n

Country, setting

First author (year)
Design*, year(s) of data
collection

13.24 ± 1.69, NR, 10-15

12.50 ± 1.53, 10-14, 10-14

15.6 ± 2.3, 13-21, 13-21

BED: 25.2 ± 5.4, NR, NR
BN: 22.9 ± 4.3, NR, NR

BN: 23.2 ± 4.4, 16-36, NR
BED: 24.8 ± 7.5, 16-36, NR

Age (yrs)
(Mean ± SD, range,
target range)

8.55 ± 1.55%

8.35 ± 1.58%
NR

8.8 ± 1.8%

25.4% (30)

50.8% (128)

9% (5)

0% (0)

0% (0)

Chapter 2

BED: 9.8% ± 1.7
BN: 12.1% ± 2.8

BN: 12.3% ± 2.6
BED: 9.7% ± 2.1
Controls: 6.2% ± 0.8

Treatment
HbA1c
(Mean ± SD)
%CSII
% HbA1c
(n)
within target range (n)

4.62 ± 2.84

4.13 ± 3.0

NR

BED: 7.1 ± 5.7
BN: 8.42 ±
5.74

BN: 8.7 ± 5.7
BED: 4.7 ± 1.8
Controls: 7.9
± 5.5

Diabetes
duration
(yrs)
(Mean ± SD)
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60
Gender,
%female
(n)
58% (25)
100% (40)
31.2% (29)

100% (52)

49% (83)
45.2% (19)

47.6% (39)

68% (42)

n

n= 43
n= 40
T1D:
n= 93
n= 52,
of whom 15
were obese,
37 were
non-obese
n= 171
n= 42

n= 82

n= 62

Country, setting

Belgium, university hospital

France, pediatric diabetology unit at
hospital

France, department of pediatric
diabetology at a hospital

France, pediatric diabetology unit at
hospital

France, pediatric unit of Diabetology of
a hospital

Germany, unclear

USA, originally from a hospital (91%)
and summer diabetes camp (8%)
Extracted from Berg et al. (2007)19

Australia, advertised through Diabetes
Australia and Juvenile Diabetes
Research Foundation Australia

First author (year)
Design*, year(s) of data
collection

Van Gampelaere et al. (2018)134
Cross-sectional, NR

Vera et al. (1997)138
Cross-sectional, NR

Vila et al. (1999)136
Cross-sectional, NR

Vila et al. (1995)135
Cross-sectional, NR

Vila et al. (2004)137
Cross-sectional, NR

Weglage et al. (2000)125
Cross-sectional, NR

Wiebe et al. (2011)90
Longitudinal, intended
follow-up: 16 months, mean
follow- NR, NR

Williams et al. (2014)169
Cross-sectional, NR

Table 1. continued

14.6 ± 1.33, 13-17, NR

Baseline:
12.79 ± 1.70, 10.00-15.99,
10-15
Follow-up:
14.16 ± 1.69, 11.58-17.41

14.8 ± 2.7, 10-18, 10-18

13.2 ± 3.4, 5-18, 5-18

15.9 ± 1.8, NR, 13-19

12.4 ± 3.4, NR, >7 years
old

15.9 ± 1.9, 13-19, 13-19

12.0 ± 2.07, NR, 8-15

Age (yrs)
(Mean ± SD, range,
target range)

8.07 ± 1.30%
≤ 8 mmol/l: 49% (30)

Baseline:
8.86 ± 1.31 %
Follow-up:
8.63 ± 1.40%

9.6 ± 1.5%
Good control according
to St Vincent
recommendation
guideline 1998: 47.6%
(20)

9.3 ± 1.5%
NR

10.0 ± 1.8%
NR

9.4 ± 1.6%
≤ 8.3%: 33% (30)

9.9 ± 1.8%
NR

NR
NR

NR

NR

NR

NR

0% (0)

NR

0% (0)

NR

Treatment
HbA1c
(Mean ± SD)
%CSII
% HbA1c
(n)
within target range (n)

4.82 ± 3.52

5.4 ± NR

7.4 ± 4.2

5.8 ± 3.7

NR

NR

7 ± 3.9

4.67 ± 3.32

Diabetes
duration
(yrs)
(Mean ± SD)
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45% (84)
51.3% (77)

51.7% (92)
51% (68)

55.4% (56)

50% (186)

44.2% (19)

n= 187
n= 150

n= 178
n= 133

n= 101

n= 372

n= 43

USA, tertiary pediatric diabetes center

USA, ADA certified tertiary pediatric
diabetes center

Ireland, group of hospitals

USA, midwestern region tertiary care
diabetes center at a children’s hospital

USA, thee university hospitals and a
diabetes center

Poland, outpatient clinic

China, university children’s hospital

Williams et al. (2009)74
Cross-sectional, NR

Wong et al. (2015)75
Longitudinal, intended
follow-up every 6 months for 2
years, mean follow-up NR, NR

Wrigley et al. (1991)120
Cross-sectional, 1984-1986

Wu et al. (2013)72
Longitudinal, intended
follow-up at 6, 12 and 18
months, mean follow-up NR,
unclear

Young-Hyman et al. (2016)105
Cross-sectional, NR

Zduńczyk et al. (2014)127
Cross-sectional, 2011-2012

Zheng et al. (2013)156
Cross-sectional, 2003-2008

10.40 ± 3.00 6-15, > 6

14.2 ± 2.0, 11-17, 11-18

12.79 ± 2.06, 9-17, 10-17

15.3 ± 1.4, 13.1-18.5, NR

44 ± 20, 17-82, NR

15.5 ± 1.4, NR, 13-18

0% (0)

100% (372)

44.6% (45)

64% (85)

0% (0)

62.7% (94)

Chapter 2

NR
< 8.0% for 10- to
12-year-old children
and
< 7.5% for 13- to
18-year-old children:
65% (28)

7.8 ± 1.6%
< 7.5%: 47.5% (177)

10.05 ± 2.42%
NR

Baseline:
8.7 ± 1.8% / 72 ± 20
mmol/mol
NR
18-month follow-up:
9.1 ± 1.9% / 76 ± 21
mmol/mol
NR

11.38 ± NR %
NR

8.8 ± 1.9%
NR

47% (87)

Treatment
HbA1c
(Mean ± SD)
%CSII
% HbA1c
(n)
within target range (n)

14.4 ± 2.4, 10.0-17.9, 10-17 9.0 ± 1.5%
NR

Age (yrs)
(Mean ± SD, range,
target range)

* In the case of longitudinal studies, the intended and mean (if reported) follow-up time in months is presented. Abbreviations:
ADA, American Diabetes Association; NL, The Netherlands; NR, not reported; UK, United Kingdom, USA, United States of America.

Gender,
%female
(n)

n

Country, setting

First author (year)
Design*, year(s) of data
collection

NR

5.3 ± 3.5

4.20 ± 3.63

5.9 ± 3.8

15.55 ± 10.62

6.1 ± 3.9

6.5 ± 3.9

Diabetes
duration
(yrs)
(Mean ± SD)
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Table 2. The severity and/or prevalence of depression in adolescents with type 1 diabetes, and the relation between
depression and HbA1c.
First author (year)

Depression assessment
(type, measure)

Depression severity
(Mean ± SD)
% diagnosis (n) /
% elevated symptoms (n)

HbA1c assessment
(type)

Adal et al. (2015)145

SRQ,
CDI total score ≥ 19

NR
12.9% (38)

Unspecified

Agrawal et al. (2016)152

PRQ,
0.58 ± 0.937
CPMS depression factor score, + 7% (8)
1SD of the local population norm

Hospital record review,
mean over 6 months
prior to enrollment.

Akbaş et al. (2009)146

PRQ,
CBCL Anxious/Depressed
subscale score

61.1 ± 8.8
NR

Medical history form
filled in by
endocrinology
specialist

Baucom et al. (2015)17

SRQ,
CES-D total score, 16-23 mild
depression, 24-60 moderate/
severe depression

16.56 ± 12.43
Mild depression
16.6% (29)
Moderate/severe depression
25.1% (44)

HbA1c home tests

Berg et al. (2009)18

SRQ,
CDI total score

5.4 ± 5.2
NR

Medical records

Berg et al. (2007)19

SRQ,
CDI total score ≥ 20

6.8 ± 6.1
5% (6)

NA
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Statistical analysis & results 1
The relation between depression
and HbA1c

Direction of
statistically
significant
association*

Statistical analysis & results 2
The severity and/or prevalence of depression in
the T1D group vs. the control group

Student’s t- test: HbA1c did not differ
NS
significantly between the depressed
and non-depressed group
(9.86 ± 2.4 vs. 9.54 ± 2.1).
+
Spearman’s correlation analysis:
A weak correlation was found between
CDI total score and HbA1c
(r= 0.16, p= 0.006)
Logistic regression analysis taking into NS
account age, HbA1c, perceived social
support from family, state anxiety and
trait anxiety:
HbA1c was not significantly associated
with CDI total score ≥ 19 (p> 0.05; OR,
95% CI not reported).

NA

NA

Correlation analysis:
r= 0.316, p= 0.002

NA

Local population norm scores: 0.79 ± 1.24.

Stepwise multiple regression model
NS
with the correlates age, gender,
duration of illness, number and
duration of hospitalizations, and CBCL
subscale scores: Anxiety/depression
subscale scores were not significantly
associated with HbA1c levels (data not
reported).
t-test:
NS
Anxiety/depression subscale scores in
the good (64.2 ± 9.9), moderate (55.2 ±
6.0) and bad metabolic groups (61.4 ±
8.3) did not significantly differ (t= 4.695,
p> 0.05). Further data not reported.

n= 42
Randomly
selected age
and gender
matched
controls from
school settings
without
diagnosed
chronic medical
illnesses

t-test: Parents of children and adolescents with
T1D reported significantly higher subscores in
anxiety/depression than parents in the control
group (Mean control group: 57.1 ± 7.9, t= 2.163, p=
0.033).

Correlation:
+
Depressive symptoms (CES-D total
score) were correlated with HbA1c level
(r= 0.27, p< 0.001).
Multilevel modelling with gender,
+
depressive symptoms and mean stress
severity as predictors:
Greater depressive symptoms were
associated with higher HbA1c (B= 0.04,
SE= 0.01, β= 0.28, p< .001).

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

+
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Table 2. Continued
First author (year)

Depression assessment
(type, measure)

Depression severity
(Mean ± SD)
% diagnosis (n) /
% elevated symptoms (n)

HbA1c assessment
(type)

Bernstein et al. (2013)20

SRQ,
BDI total score ≥ 14

NR
11.3% (17)

Chart review gathered
at the time of the study
or afterwards (within 2
months)

Blanz et al. (1993)123

Fully structured interview by
NR
developed by Esser et al. (1989)
3.71 ± NR
Depressive symptom and suicidal
tendencies score
Introversive diagnostic syndrome
score encompassing anxiety
disorders and depressive
syndromes

Blood sample

Boo et al. (2015)157

SRQ,
15.6 ± 9.1
CES-DC total score ≥ 12 for boys, ≥ 33.3% (10)
22 for girls

Medical records

Butler et al. (2011)91

SRQ,
CDI total score

4.86 ± 4.95
NR

Medical records

Butler et al. (2007)89

SRQ,
CDI total score

7.73 ± 6.93
NR

Medical records

Butwicka et al. (2012)128

SRQ,
CDI T-score > 65
PRQ,
CDI:P T-score 59-61
CDRS interview
KSADS-PL

CDI: 47.7 ± 9.1
CDI-P: 59.6 ± 6.4
CDRS: 20.3 ± 5.5
KSADS-PL:
4.3% (7) mood disorder
MDD: 2.5% (4)
Dysthymia: 1.2% (2)
Cyclothymic disorder: 0.6% (1)

Mean HbA1c in the
preceding year
calculated based on at
least three
measurements

Butwicka et al. (2016)129

KSADS-PL

NR
3.9% (8) current mood disorders
4.3% (9) lifetime mood disorders

Medical records
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Statistical analysis & results 1
The relation between depression
and HbA1c

Direction of
statistically
significant
association*

Statistical analysis & results 2
The severity and/or prevalence of depression in
the T1D group vs. the control group

Multivariate logistic regression analysis NS
containing age, diabetes duration,
gender, maternal education, insurance
status, anxiety, disordered eating,
depression and taking less insulin than
directed:
Depression was not related to HbA1c ≥
8.5% (OR= 0.80, 95%CI= 0.29-2.23, p=
0.67).

NA

NA

NA

NA

n= 93
Controls without
diabetes mellitus
matched on age,
sex, and
socioeconomic
status

Stepwise discriminant analysis with the four
specific symptom scores (introversive, antisocial,
hyperkinetic, eating disorder) as the independent
variables and the group (diabetic vs. control
group) as dependent variable:
Introversive symptoms were higher in the
diabetic group (3.71 vs. 2.68, F= 5.6, p< 0.02,
standardized coefficient of discriminant function
= -0.536).
On symptom level there were significantly higher
rates of depressive moods in the diabetic group
compared with the control group (p < 0.01, X2 =
8.89).

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Correlations:
CDI: r= 0.26, p<0.001
CDI:P r= 0.22, p< 0.01
CDRS r= 0.22; p<0.01
t-test:
HbA1c was significantly higher in
patients with MD vs. patients without
MD (9.7 ± 1.4 vs. 7.9 ± 1.7, p= 0.0027).
NA

Chapter 2

Control group

+
+
+
+

NA
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Table 2. Continued
First author (year)

Depression assessment
(type, measure)

Depression severity
(Mean ± SD)
% diagnosis (n) /
% elevated symptoms (n)

HbA1c assessment
(type)

Cho et al. (2013)158

SRQ,
CDI total T-score
PRQ,
K-CBCL subscale anxious/
depressed T-score

13.0 ± 8.5
NR
49.8 ± 11.0
NR

Questionnaire

Clayton et al. (2013)23

SRQ,
CES-D total score

Baseline (220):
20.04 ± 6.96
NR
12-month follow-up (118):
17.43 ± 5.89
NR

Measured at clinic visits

Colton et al. (2013)24

SRQ,
CDI total score
Interview
K-SADS

Baseline:
5.1 ± 5.3
Follow-up:
8.5 ± 8.4
Current depressive symptoms:
12.2% (12)
At year 5,
30.6% (30) reported past/current
depression

Mean HbA1c from the
day of the clinic visit
and the preceding clinic
visit

Colton et al. (2007)92

SRQ,
CDI total score

4.6 ± 4.7
NR

Mean HbA1c from the
day of the clinic visit
and the preceding clinic
visit

66

Statistical analysis & results 1
The relation between depression
and HbA1c

Direction of
statistically
significant
association*

Control group

Statistical analysis & results 2
The severity and/or prevalence of depression in
the T1D group vs. the control group

ANOVA:
NS
The CDI scores of children with poor
metabolic control did not significantly
differ from those with adequate
metabolic control (13.9 ± 8.8 vs. 10.7 ±
8.8, p> 0.05).
NS
ANOVA:
The K-CBCL subscores on the Anxious/
depressed scale also did not
significantly differ between the
poorly-controlled and adequate
controlled group (51.1 ± 10.7 vs. 46.9 ±
11.6), p> 0.05).

n= 38
Healthy controls
with
comparable age
and sex.

Student t-test:
CDI scores were significantly higher in T1D
children than in normal controls (13.0 ± 8.5 vs. 6.2
± 5.6, p< 0.001).
Student t-test:
Scores of children with T1D on the K-CBCL
subscale Anxious/depressed was significantly
higher than of the scores of the controls (49.8 ±
11.0 vs. 43.7 ± 7.6, p= 0.014).
ANOVA:
CDI scores were significantly different in the
well-controlled T1D group, the poorly-controlled
T1D group and the normal control group (p<
0.001). Specifically, the poorly-controlled T1D
group scored significantly higher than the normal
control group (13.9 ± 8.3 vs. 6.2 ± 5.6, p< 0.05).
ANOVA:
K-CBCL Anxious/Depressed subscores were
significantly different in the well-controlled T1D
group, the poorly-controlled T1D group and
normal control group (p< 0.018). Specifically, the
poorly-controlled T1D group scored significantly
higher than the normal control group (51.1 ± 10.7,
43.7 ± 7.6, p< 0.05).

Pearson correlations: The correlation NS
between HbA1c and adolescents CES-D
score at enrollment were not
(marginally) significant (r= 0.02, p
>0.10).

NA

NA

Student’s t-tests:
NS
Metabolic control was not significantly
different in the participants with
interview-ascertained current depressive
symptoms (9.0 ± 1.3% or 75 ± 14 mmol/
mol) compared to the girls without (8.5 ±
1.2% or 69 ± 13 mmol/mol).
Multiple hierarchical linear regression NS
analysis predicting HbA1c at 5-year
follow-up, taking into account duration
of T1D, year 5 BMI, Baseline CDI and
EDE, Year 5 depression and eating
status showed that baseline CDI was
not significantly predictors of future
diabetes control.

NA

NA

NA

NA

NA

NA
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Table 2. Continued
First author (year)

Depression assessment
(type, measure)

Depression severity
(Mean ± SD)
% diagnosis (n) /
% elevated symptoms (n)

HbA1c assessment
(type)

Corathers et al. (2013)25

SRQ,
CDI total score,
< 10 low risk,
10-15 moderate risk, ≥ 16 high risk

5.4 ± 6
Low risk: 80% (407)
Moderate risk: 12% (61)
High risk: 8% (41)

NR

Cote et al. (2003)26

SRQ,
CDI total score (completed by
children)
SRQ,
BSI Depression subscale t-score
(completed by adolescents)

NR

Physician reported

Dabelea et al. (2009)93

SRQ,
CES-D total score ≥ 24

NR
14.3% (2)

Blood sample

De Wit et al. (2011)132

SRQ,
CDI total score ≥ 16

9.43 ± 7.63
17.2% (40)

Self-report

Duru et al. (2016)147

SRQ,
CDI total score

11.5 ± 7.8
NR

Medical records

Dybdal et al. (2018)110

Incident mood disorders
diagnosed by physicians, using
ICD-10 codes F30-F29, extracted
from Danish National Patient
Registers

NR
Incident mood disorders:
3.89% (198)

NA

Eaton et al. (1992)29

SRQ and PRQ,
12 ± 9.33
CES-D total score and CES-D
NR
rephrased so that family members
could provide information about
the patient.

Blood sample

Edgar et al. (2003)114

SRQ,
WBQ Depression subscale

4.33 ± 1.98
NR

NA

Garrison et al. (2005)30

ICD-9-CM Codes for internalizing
disorders: 296.2x, 296.3x, 296.82,
298.0x, 300.0x, 300.2x, 300.3x,
300.4x, 309.0x, 309.1x, 309.81, 311.
xx, 313.0x

NR
3.3% (254)
Adolescents:
6.6% (205)

NA
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Direction of
statistically
significant
association*

Control group

Statistical analysis & results 2
The severity and/or prevalence of depression in
the T1D group vs. the control group

Pearson correlations:
There were modest, but statistically
significant associations between
higher levels of depressive symptoms
as measured by the CDI and higher
HbA1c values (r= 0.15, p= 0.0005).

+

NA

NA

Bivariate correlations:
The correlation between child
depressive symptoms and HbA1c was
not significant (r= 0.14, p> 0.05).
The correlation between adolescent
depression and Hba1c was not
significant (r= 0.10, p > .05).

NS

NA

NA

NR

NR

NR

NR

Independent t-test:
NS
HbA1c values did not differ between
youth with and without elevated
depressive symptoms (data not
reported).
+
Spearman correlations:
Higher depressive symptomology was
significantly related to higher HbA1c
values (r= 0.24, p< 0.001).

NA

NA

Spearman’s correlation test:
+
HbA1c levels were positively correlated
with CDI scores (r= 0.517, p= 0.005)

n= 30
Age matched
healthy control
subjects

CDI results were significantly higher in children
with T1D when compared with the control group
(11.5 ± 7.8 vs 6.9 ± 7.6, Cohen’s d 0.6, 95%CI
0.08/-1.12, p= 0.010).

NA

NA

n= 35588
The incidence rate in control group was 2.34%
Randomly
(n= 833) as opposed to 3.89% in the T1D group.
selected from
the background
population,
matched by
their sex and
date of birth.

Correlation:
Depression scores were marginally
significantly correlated with blood
sugar (r= 0.12, p< 0.10).
In the young unmarried group, the
correlation was not significant
(r= -0.19, p-value NR)

+

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Chapter 2

Statistical analysis & results 1
The relation between depression
and HbA1c

NS

NS
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Table 2. Continued
First author (year)

Depression assessment
(type, measure)

Depression severity
(Mean ± SD)
% diagnosis (n) /
% elevated symptoms (n)

HbA1c assessment
(type)

Grey et al. (1994)94

SRQ,
CDI total score

5.8 ± 5.5
NR

NA

Grey et al. (1995)31

SRQ,
CDI total score

Intake:
4.7 ± 2.1
NR
Year 1:
3.6 ± 1.9
NR
Year 2:
6.8 ± 2.6
NR

Medical records

Grey et al. (1991)86

SRQ,
CDI total score

6.2 ± 5.9
NR

Blood sample

Gruhn et al. (2016)32

SRQ,
CDI total score ≥ 13

Baseline:
5.1 ± 6.63
10.9% (9)
Follow-up:
4.31 ± 5.50
12.2% (10)

Blood sample

Guilfoyle et al. (2016)33

SRQ,
CDI total score

6.1 ± 5.3
NR

Fingerstick blood
sample at the
three-month follow-up
visit

Guo et al. (2013)164

SRQ,

9.51 ± 5.19

Medical records

DSRS total score > 15

17.6% (24)

Guo et al. (2015)159

SRQ,
DSRS total score > 15

Baseline:
9.43 ± 5.43
17.6% (24)
Follow-up:
11.43 ± 7.49
NR

Medical records

Hagger et al. (2017)165

SRQ,
PHQA-8

6.8 ± 6.0
NR

Self-reported

Hanna et al. (2014)34

SRQ,
BDI-II total score ≥ 14

Baseline:
7.3 ± 8.1
13% (24)

Medical records
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Statistical analysis & results 1
The relation between depression
and HbA1c

Direction of
statistically
significant
association*

Control group

Statistical analysis & results 2
The severity and/or prevalence of depression in
the T1D group vs. the control group

NA

NA

n= 40
Peer-referred
non-chronically
ill sex matched
controls

The mean CDI score for the group of adolescents
with T1D was 5.8 ± 5.5. The mean score of the
controls was 5.6 ± 5.0. This difference was not
statistically significant (data not shown).

NA

NA

n= 53
Peer-referred
nonchronically
ill sex matched
controls

Depression scores at intake were significantly
higher in children with T1D than in children
without T1D (4.7 ± 2.1 vs. 3.8 ± 2.6, p< 0.01).
At year 1 and year 2, depression scores of
children with T1D did not significantly differ from
children without T1D (3.6 ± 1.9 vs. 2.4 ± 1.8, p>
0.01 and 6.8 ± 2.6 vs. 3.7 ± 1.9, p> 0.01,
respectively).

Pearson correlation:
Depressive symptoms were not
significantly correlated with
hemoglobin A1 (r= 0.23).

NS

NA

NA

Bivariate correlations:
Baseline depressive symptoms were
not significantly correlated with
baseline HbA1c (r= 0.13, p> 0.10), but
were correlated with HbA1c at follow-up
(r= 0.22, p< 0.05).
Depressive symptoms at follow-up
were not significantly correlated with
baseline HbA1c (r= 0.13, p> 0.10), but
were correlated with HbA1c at follow-up
(r= 0.35, p< 0.01).

NS
+

NA

NA

Stepwise multivariate regression
+
analysis:
Depressive symptoms were
significantly related to glycemic control
(B= 0.09, p< 0.05) after adjustment for
caregiver-reported BGM.

NA

NA

Correlation:

NS

NA

NA

Mixed effects models:
NS
Changes in depressive symptoms were
not related to changes in HbA1c over
time (β= 0.03 ± 0.04, p= 0.37)

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NS
+

Depressive symptoms were not
significantly associated with metabolic
control (r= 0.063, p>0.05)
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Table 2. Continued
First author (year)

Depression assessment
(type, measure)

Depression severity
(Mean ± SD)
% diagnosis (n) /
% elevated symptoms (n)

HbA1c assessment
(type)

Hanna et al. (2014b)35

SRQ,
BDI-II total score ≥ 14

NR
12.7% (23)

Medical records

Hapunda et al. (2017)144

SRQ,
MDI total score ≥25 moderate to
severe depression

17.53 ± 10.35
32% (30)

NA

Hassan et al. (2006)36

SRQ,
CDI-S total T-score ≥ 65

NR
6.3% (14)

Blood sample

Helgeson et al. (2009)106

SRQ, CES-D total score

9.75 ± 6.17

Medical records

Helgeson et al. (2009b)8

SRQ,
abbreviated CDI total score

1.15 ± 0.22
NR

Medical records

Helgeson et al. (2007)95

SRQ,
abbreviated CDI total score

T1:
1.15 ± NR
T2:
1.15 ± NR
T3:
1.16 ± NR
There was a significant
associations between time and
depressive symptoms (B= 0.03,
SE-B= 0.02).
NR

Unclear
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Statistical analysis & results 1
The relation between depression
and HbA1c

Direction of
statistically
significant
association*

Statistical analysis & results 2
The severity and/or prevalence of depression in
the T1D group vs. the control group

Path analysis:
NR
The correlation between dichotomized
depressive symptoms and HbA1c was r=
0.11.

NA

NA

NA

NA

NA

NA

Univariate logistic regression analysis: +
For every unit rise in HbA1c there was a
27% increase in the probability of
depression (p<0.03).
NS
t-test:
The difference in HbA1C between the
depressed subjects (9.6 ± 2.2) and the
non-depressed subjects (8.4 ± 1.9) was
not significant (p<0.07).

NA

NA

Correlation:
Depression was associated with poor
metabolic control (r= 0.25, p<0.05)

NA

NA

Correlation:
NS
Baseline depressive symptoms and
metabolic control were not
significantly correlated (r= 0.07, p> 0.10)
Cross-sectional multilevel modelling: NS
Depressive symptoms did not predict
metabolic control (data not shown)
+
Longitudinal multilevel modelling:
Adjusted for previous HbA1c, lag,
baseline BMI, bulimic symptoms, friend
negative relations, and friend negative
relations x lag, depressive symptoms
predicted increases in HbA1c over time
(B= 1.18, p< 0.01) and interacted with
lag to predict changes in metabolic
control (B= .71, p< 0.05).

NA

NA

NA

n= 131
The mean CDI scores at T1, T2, and T3 were 1.15,
Healthy controls 1.15, and 1.16 respectively.
recruited from
three health
fairs at area
malls and from
a local pediatric
physician
network

+

NA
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Table 2. Continued
First author (year)

Depression assessment
(type, measure)

Depression severity
(Mean ± SD)
% diagnosis (n) /
% elevated symptoms (n)

HbA1c assessment
(type)

Herzer et al. (2010)37

SRQ,
CDI total score ≥ 13

7.3 ± 6.4
21% (58)

Blood sample

Herzer et al. (2011)38

SRQ,
CDI total score ≥ 13

At 6-month follow-up:
6.1 ± 5.3
15% (22)

Blood sample

Hilliard et al. (2009)87

SRQ,
CDI total score

4.5 ± 4.8
NR

Medical records

Hilliard et al. (2017)170

SRQ,
PHQ-A total score ≥ 10

6.8 ± 6.0
24.8% (117)

Self-report
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Statistical analysis & results 2
The severity and/or prevalence of depression in
the T1D group vs. the control group

Correlation:
+
Depressive symptoms and HbA1c were
significantly associated (r= 0.13, p<
0.05).
Multivariate analysis:
NS
Higher HbA1c values were not
independently related to depressive
symptoms, after adjusting for
adolescent age, gender, ethnicity, type
1 diabetes duration, mode of insulin
delivery, caregiver education level,
insurance status and marital status,
caregiver trait anxiety, participation
site, adolescent state and trait anxiety
and the comorbidity index.

NA

NA

Bivariate correlation:
+
Bivariate correlations between
depressive symptoms at three
time-points and HbA1c at three
time-points were conducted.
Only depressive symptoms at 6-month
follow-up and HbA1c at 9 months (r=
0.21, p< 0.01) were significantly related.
NS
All other combinations were not
significantly associated.
NS
Regression analysis:
Adjusted for age, gender, ethnicity,
diabetes duration, mode of insulin
delivery, and BGM frequency; caregiver
education level and marital status, and
family insurance status, 6 month
depression symptoms were not
significantly related to 9 month HbA1c
(β= 0.15, p= 0.05).

NA

NA

NA

NA

NA

NA

Pearson correlation:
+
Depressive symptoms were
significantly correlated with HbA1c
(r= 0.222, p< 0.01).
Logistic regression analysis:
NS
Adjusted for age, sex, diabetes
duration, insulin regimen, diabetesrelated family conflict, anxiety
symptoms and diabetes related
strengths, depressive symptoms were
not significantly related to higher odds
of achieving in-target HbA1c < 7.5%/58.0
mmol/mol (OR= 0.58, 95%CI=
0.28,1.19).

NA

NA
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Table 2. Continued
First author (year)

Depression assessment
(type, measure)

Depression severity
(Mean ± SD)
% diagnosis (n) /
% elevated symptoms (n)

HbA1c assessment
(type)

Hilliard et al. (2011)80

SRQ,
CDI total score ≥ 13

Baseline:
8.0 ± 7.1
NR
Follow-up:
5.6 ± 5.9
NR

Medical records

Hilliard et al. (2013)96

SRQ,
CDI total score

7.98 ± 7.11
NR

Medical records

Hoff et al. (2005)81

SRQ,
CDI total T-score (8-12-year-olds)
SRQ,
BSI Depression Subscale T-score
(adolescents)

48.65 ± 10.45
NR

NA

Hood (2009)82

SRQ,
CDI total score ≥ 13
PRQ,
CDI:P total score ≥ 17

6.3 ± 5.3
16% (30)
NR
25% (46)

Blood sample

Hood et al. (2014)83

SRQ,
CES-D Total score ≥ 24

Baseline:
9.7 ± 0.3
NR
12 months follow-up:
9.5 ± 0.3
NR
24 months follow-up:
9.2 ± 0.3
NR
60 months follow-up:
9.6 ± 0.3
NR

Blood sample
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Control group

Statistical analysis & results 2
The severity and/or prevalence of depression in
the T1D group vs. the control group

Baseline correlation:
At baseline, higher CDI scores were
correlated with higher HbA1c (r= 0.22,
p< 0.01).
Multivariate models:
Adjusted for age, gender, ethnicity,
diabetes duration, insulin delivery
method, caregiver marital status and
education level, insurance coverage
and STAI scores, baseline CDI scores
were not significant predictors of later
HbA1c (β= -0.00, p≥ 0.05).
Adjusting for the same covariates,
dichotomized CDI scores were not
predictive of later HbA1c. (β= 0.44, p=
NS).
Follow-up correlations: At follow-up,
higher CDI scores were associated with
higher HbA1c (r= 0.21, p= 0.01).

+

NA

NA

Hierarchical logistic regressions
+
predicting group membership:
Adjusted for age, diabetes duration,
gender, insulin treatment mode,
minority status, insurance coverage,
caregiver marital status, caregiver
education level and diabetes-specific
emotional distress, higher depressive
symptoms predicted “normatively
similar” subgroup membership
(meaning moderately out of range
HbA1c) when compared with the
“meeting treatment targets” subgroup
(meaning achieving HbA1c <7.5%) (OR=
1.07, 95% CI= 1.01-1.15, p< 0.05).

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA
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NS

NS

+
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Table 2. Continued
First author (year)

Depression assessment
(type, measure)

Depression severity
(Mean ± SD)
% diagnosis (n) /
% elevated symptoms (n)

HbA1c assessment
(type)

Hood et al. (2006)84

SRQ,
CDI total score ≥ 13

NR
15.2% (22)

Blood sample

Hood et al. (2012)97

SRQ,
CES-D total score ≥ 24

NR
6.6% (133)

Blood sample

Hood et al. (2011)85

SRQ,
CDI total score ≥ 13

Baseline:
7.9 ± 7.1
22.8% (33)
Follow-up:
6.1 ± 5.3
15.2% (22)

Blood sample

Ingerski et al. (2010)98

SRQ,
CDI total score ≥ 13

9.4 ± 7.0

Blood sample

Jaser et al. (2010)40

SRQ,
CDI total score ≥ 13

3.87 ± 4.5
6.5% (2)

Medical records

Jaser et al. (2014)78

SRQ,
CDI total score ≥ 13

5.28 ± 6.19
NR

Medical records

Jaser et al. (2017)79

SRQ,
CDI total score ≥ 13

Baseline:
NR
9% (11)
6-month follow-up:
NR
9% (9)
12-month follow-up:
4.82 ± 6.92
15% (15)

Medical records
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Control group

Statistical analysis & results 2
The severity and/or prevalence of depression in
the T1D group vs. the control group

Independent t-test:
Youth with elevated depressive
symptoms were more likely to have
higher HbA1c values (9.3 ± 1.5 vs. 8.6 ±
1.4, p= 0.01).
Multivariate analysis:
The relation between depressive
symptoms and HbA1c was not
significant (data not shown).

+

NA

NA

NA

NA

NA

NA

Multivariate analysis:
+
Adjusted for blood glucose monitoring
frequency and change, baseline HbA1c,
baseline age, diabetes duration, insulin
delivery mode, gender, caregiver
education level, insurance status,
caregiver relationship status and
minority status, CDI change was
significantly associated with change in
HbA1c (β= 0.41, p< 0.001.
NS
Baseline CDI was not significantly
related to change in HbA1c (β= 0.14, p=
0.19).
+
General linear model:
A three-way interaction between CDI
change, blood glucose monitoring
frequency at baseline and HbA1c was
reported to HbA1c change (p< 0.01).

NA

NA

Correlation:
Depressive symptoms were not
significantly correlated with HbA1c (r=
0.12, p> 0.05).

NS

NA

NA

Correlation:
Depressive symptoms and HbA1c were
significantly correlated (r= 0.36, p<
0.05).

+

NA

NA

Correlation:
Depressive symptoms were not
significantly correlated with HbA1c (r=
0.14, p> 0.05).

NS

NA

NA

NA

NA

Chapter 2

Statistical analysis & results 1
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and HbA1c

NS

Correlations:
+
At 12-month follow-up, depressive
symptoms and HbA1c were significantly
correlated (r= 0.38, p< 0.001).

79

CHAPTER 2

Table 2. Continued
First author (year)

Depression assessment
(type, measure)

Depression severity
(Mean ± SD)
% diagnosis (n) /
% elevated symptoms (n)

HbA1c assessment
(type)

Johnson et al. (2014)115

SRQ,
HADS-Depression score ≥ 8

2.87 ± 3.39
10.9% (10)

Medical records

Khan et al. (2014)155

SRQ,
CDI total score ≥ 13

NR
33.7% (29)

Medical records

Khater et al. (2017)143

SRQ,
CES-DC total score ≥ 15

NR
52.3% (45)

Medical records

Knight et al. (2015)41

SRQ,
PHQ-9 total score ≥ 5

NR
26% (13)

Blood sample

Knychala et al. (2015)107

SRQ,
HADS-Depression score ≥ 8

NR
11.0% (23)

Medical records

Korbel et al. (2007)88

SRQ,

6.80 ± 6.10

Medical records

CDI total score

NR

Kota et al. (2012)153

Medical records

NR
4% (10)

Kovacs et al. (1997)42

Interview,
ISCA

NR
NA
Prevalence during follow-up time:
26.1% (24)

Kovacs et al. (1995)

Interview, semistructured,
NR
symptom-oriented Interview for During 10-year follow-up:
Children and its addenda (Kovacs, 27% (18)
unpublished) Extracted from
Kovacs et al. (1985)196

Blood sample during
routine care

Kovacs et al. (1996)76

Interview,
ISCA

Medical records
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Statistical analysis & results 1
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and HbA1c

Direction of
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Statistical analysis & results 2
The severity and/or prevalence of depression in
the T1D group vs. the control group

t-test:
+
Those above the cut-off level for
depressive symptoms had significantly
higher mean HbA1c (104 ± 17 mmol/
mol; 11.7 ± 1.5%) than those who
scored below the cut-off level (84 ± 23
mmol/mol; 9.8 ± 2.1%: t90 = 2.746, p=
0.007).

NA

NA

NA

NA

NA

Multivariate logistic regression analysis: +
After adjusting for age, sex, pubertal
status, socioeconomic status, maternal
education level, duration of diabetes,
daily number of insulin injections, daily
insulin dose, number of diabetic
ketoacidosis admissions, HbA1c is the
only independent predictor of
depression; (p= 0.001, OR; 4.72
[1.66–13.43]).

NA

NA

Logistic regression analysis:
+
HbA1c was significantly associated with
the prevalence of depression (OR= 1.3,
95% confidence interval = 1.03-1.55, p=
0.02).

NA

NA

Multiple logistic regression analysis:
Adjusted for gender, age-range, and
smoking, glycemic control was not
significantly associated with the
presence of depressive symptoms.

NS

NR

NR

Correlation:

+

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NS
Univariate regression analysis
assessing whether the presence of a
disorder in the three months preceding
the HbA1c assay were associated:
Depression was not associated with
HbA1c (B= -0.047, SE= 0.244, p= 0.847).

NA

NA

NA
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Depression and glycemic control
showed a nonsignificant trend (r= 0.20,
p= 0.053).
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Table 2. Continued
First author (year)

Depression assessment
(type, measure)

Depression severity
(Mean ± SD)
% diagnosis (n) /
% elevated symptoms (n)

HbA1c assessment
(type)

Kovacs et al. (1997b)77

Interview,
ISCA

NR
100% (24)

NA

Kristensen et al. (2014)111

SRQ,
BDI-Y total score

11-17 year olds:
NR
Moderately/extremely elevated:
15.2% (100)

Blood sample and
medical records
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Statistical analysis & results 1
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Direction of
statistically
significant
association*

Control group

Statistical analysis & results 2
The severity and/or prevalence of depression in
the T1D group vs. the control group

NA

NA

n= 30
Controls from
the same
general site,
during the same
time interval,
who were free of
major systemic
medical
disorders
recruited based
on the same
demographic
inclusionary
criteria.

Stepwise Cox regression analysis:
Recovery from first episode of MDD did not differ
between the T1D and control group (p= 0.923).
In predicting the risk of the second episode of
MDD, the interaction term of sex and group
membership (diabetic vs. control) was significant
(p= 0.004). In the control group, the risk of the
second episode for girls was 0.442 as compared
to boys (ns), whereas the risk of depressive
recurrence for diabetic girls was 8.92 times higher
than for diabetic boys.
People with diabetes subjects were less likely to
have had extended periods of time free of
depression than psychiatric control subjects (p=
0.041).

Correlation:
Depressive symptoms were
significantly correlated with HbA1c
(r= 0.16, p< 0.01).
Independent t-test:
The group with optimal control had
significantly lower scores on the BDI-Y
(6.10 ± 7.84) than the group with
suboptimal control (10.01 ± 10.13,
p< 0.001, d= -0.4).

+

N= 1444
Normative
sample

11-14-year-old girls:
13% (36) of the normative sample reported
moderately elevated scores, which significantly
differed from the T1D group (Z= -2.16, p= 0.03).
4%(11) reported extremely elevated scores,
which was comparable with the T1D group (Z=
-0.04, p= 0.97)/
11-14-year-old boys:
Moderately elevated scores were reported by
14.4% (42) of the normative sample, which
significantly differed from the T1D group (Z=
-2.51, p= 0.01). Comparable rates of extremely
elevated scores were reported in the normative
sample (4.8%, n= 14) and in the T1D sample (Z=
0.55, p= 0.58).
15-16-year-old girls
In the normative sample 10.2%(13) reported
moderately elevated scores, which was
comparable with the T1D sample (Z= -0.37, p=
0.71). The rate of extremely elevated scores in the
normative sample (7%, n= 9) was comparable to
the T1D group as well (Z= 0.05, p= 0.96).
15-16-year-old boys
In the normative sample, 8.7% (9) reported
moderately elevated scores, which was
comparable with the T1D group (Z= 1.32, p= 0.13).
Similarly, the rate of extremely elevated scores in
the normative sample (5.8%, n= 6) did not
significantly differ from the T1D group (Z= -0.12,
p= 0.90).
17-year-old girls
In the normative sample, 14.5% (8) reported
moderately elevated scores, which was
comparable with the T1D Group (Z= 0.22, p=
0.83). 5.5%(3) reported extremely elevated scores,
which was comparable with the rate in the T1D
group (Z= 1.35, p= 0.18).
17-year-old boys
Both the rates of moderately elevated scores and
extremely elevated scores in the normative group
(11.4%, n= 5 and 2.3%, n= 1) respectively), were
comparable with the rates reported in the T1D
group (Z= -0.14, p= 0.97 and Z= -0.02, p= 0.98).

+
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First author (year)

Depression assessment
(type, measure)

Depression severity
(Mean ± SD)
% diagnosis (n) /
% elevated symptoms (n)

HbA1c assessment
(type)

Kuttner et al. (1989)43

SRQ,
CDI total score > 14

6.6 ± 5.0
10% (5)

Mean HbA1c from blood
sample and medical
charts

La Greca et al. (1995)44

SRQ,
BDI-R total score > 11

3.51 ± 3.86
16% (7)

Blood sample during
medical visit

Lawrence et al. (2006)175

SRQ,
CES-D total score ≥ 24

10.7 ± 8.6
8.6% (230)

Blood sample

Lawrence et al. (2012)100

SRQ,
CES-D total score ≥ 24

56.5 ± 14.2
6.7% (139)

Blood sample

Leung et al. (1997)166

SRQ,
BDI total score ≥ 10

NR
Total sample:
19.3% (9)

Medical records

Liakopoulou et al. (2001)139

Interview,
K-SADS-P Depression

NR
Depression:
10.9% (6)
Combined symptomatic anxiety,
depressive, and obsessivecompulsive symptoms:
58.2% (32)

Blood sample
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Statistical analysis & results 2
The severity and/or prevalence of depression in
the T1D group vs. the control group

Correlation:
NS
Self-reports of depression were not
found to correlate significantly with
mean HbA1c (r = .23, p> 0.05) or current
HbA1c (r = .13, p> 0.05).

NA

NA

+
Regression analysis:
Adjusted for duration of diabetes and
gender, depression was independently
related to glycemic control (β= 0.49, p=
0.004).
Regression analysis:
+
Adjusted for gender, glycemic control
was independently related to
depression (β= 0.42, p= 0.003).

NA

NA

ANOVA:
+
HbA1c was significantly different in men
between those experiencing minimal
depression (8.28 ± 1.7), mild
depression (8.72 ± 2.1), and moderate/
severe depression (8.98 ± 2.5, p<0.001).
ANOVA:
+
Similarly, HbA1c differed in women with
minimal depression (8.4 ± 1.8), mild
depression (8.90 ± 2.2), and moderate/
severe depression (8.73 ± 2.1, p<0.01).
+
Polychotomous logistic regression
analysis assessing correlates of mildly
vs minimally depressed mood, and
moderately/severe vs. minimally
depressed mood:
Adjusted for diabetes type, comorbid
conditions and duration of diabetes,
higher Hba1c was associated with
mildly depressed mood (OR= 1.17,
95%CI= 1.05-130) and with moderately/
severe depressed mood in men (OR=
1.19, 95% CI= 1.05-1.36).
For women, higher HbA1c was
associated with both mildly depressed
mood (OR= 1.09, 95%CI= 1.01-1.19).
Moderately/severely depressed women
and minimally depressed women did
not have significantly different HbA1c
(OR= 1.08, 95% CI= 0.98-1.19).

NR

NR

NA

NA

NA

NA

NA

NA

NA

NA

n= 54
Children who
visited the
outpatient
pediatric clinic for
minor physical
ailments (such as
bronchitis), and
their mothers.

The prevalence of symptomatic depression in the
control group was 1.9% (1).
The index group exhibited significantly more
psychopathology (χ2(1) = 27.6, p< 0.001) than the
controls.

NS
Mann-Whitney U-test:
No significant differences were found
between symptomatic and
asymptomatic children with regard to
metabolic control as expressed by
HbA1c values (Mann-Whitney U, Z = 1.2,
p= 0.24)
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First author (year)

Depression assessment
(type, measure)

Depression severity
(Mean ± SD)
% diagnosis (n) /
% elevated symptoms (n)

HbA1c assessment
(type)

Liamou et al. (1994)140

SRQ,
BDI total score ≥ 14

NR
26.9% (14)

Self-report

Lu et al. (2016)160

The claims-based diagnosis of
depression was defined by the
presence of two outpatient visits
to a psychiatrist, separated by a
time period of < 90 days, with the
ICD-9-CM codes 296.2 (major
depression, single episode), 296.3
(major depression, recurrent
episode), 300.4 (dysthymic
disorder), and 311.x (depressive
disorder, not elsewhere
classified).

NR
Incident depression during
follow-up:
1.09% (15)

NA

Lu et al. (2015)46

SRQ,
CES-DC-10 total score for
adolescents
SRQ,
CES-D10 for young-adults

5 ± NR
NR

Self-reported

Maas-van Schaaijk et al.
(2012)133

SRQ,
CDI total score ≥ 13

6.59 ± 5.98
12.4% (18)

Medical records

Main et al. (2014)47

SRQ,
CDI total score

8.36 ± 6.09
NR

Medical records

Main et al. (2015)48

SRQ,
CES-D total score

16.72 ± 12.04
NR

Blood sample
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Control group

Statistical analysis & results 2
The severity and/or prevalence of depression in
the T1D group vs. the control group

NA

NA

n= 52
Healthy people
not suffering
from any acute
or chronic
disease or other
disabilities
matched for age
and sex.

In the control group, depression was found in
28.8% (n= 15). The difference with the diabetes
group was not statistically significant (data not
shown).

NA

NA

n= 27460
Randomly
selected
patients,
frequency
matched of four
age intervals
(5.0–8.9,
9.0–11.9,
12.0–14.9, and
15.0–18.0 years).

Poisson regression model:
The T1D cohort showed a significantly higher
incidence of depression compared with the
comparison cohort (IRR of 3.09, p < 0.001).
There were events in 0.53% (n= 146) of the
comparison group.

NA

NA

NA

NA

NA

NA

n= 122
School level,
age and gender
matched
healthy
adolescents
without T1D.

t-test and x2-test:
The mean CDI total score in the comparison
group was 7.32 ± 5.62 and 14.8% (18) of the
sample were at risk for depression. The number
of depressive symptoms in the T1D group did not
differ from the comparison group ([F (1,265)=
1.100, p= 0.295;
Ŋ2= 0.004). The number of adolescents at risk for
a clinical depression was also not significantly
different between the groups ((x2 (1,270)= 0.197,
p= 0.66).

Correlation:
The correlation between depressive
symptoms and HbA1c r= 0.20 (p<0.05).

+

NA

NA

Correlation:
The correlation between depressive
symptoms and HbA1c was r= 0.24 (p<
0.001).

+

NA

NA
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First author (year)

Depression assessment
(type, measure)

Depression severity
(Mean ± SD)
% diagnosis (n) /
% elevated symptoms (n)

HbA1c assessment
(type)

Manarte et al. (2009)142

SRQ,
Hamilton scale total score > 7

8.8 ± 6.0
53.8% (57)

Medical records

Manderbacka et al. (2011)112

Antidepressant use, defined as
having at least one purchase
during the year (ATC-code N06A)

NR

NA

Markowitz et al. (2015)49

SRQ,
CES-D total score ≥15

NR
22% (28)

Unclear

McCarthy et al. (2002)50

PRQ,
PBS-50d Depression/Anxiety
subscale

NR
NR

Medical records

McGill et al. (2018)51

SRQ
CDI total score ≥ 13

5.0 ± NR
Baseline/1 month: 17% (16)
6 months: 11% (11)
12 months: 20% (19)

Medical record
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Statistical analysis & results 2
The severity and/or prevalence of depression in
the T1D group vs. the control group

t-test:
NS
HbA1c did not significantly differ
between those with Hamilton score ≤ 7
(8.4 ± 1.607) and Hamilton score >7
(8.89 ± 0.623, p= 0.804).
Multiple logistic regression:
NS
HbA1c was not independently
associated with depression (adjusted
OR= 0.85, 95% confidence interval=
0.63-1.15), adjusted for gender, age,
number of years from diagnosis of
diabetes, Graffar score, number of
complications, number of insulin
injections per day, insulin dose, initial
admission at diagnosis, nephropathy,
retinopathy, neuropathy,
coronariopathy, amputation,
hypoglycemic admission, ketoacidosis
admission, taking psychoactive drugs
(any of the following: Antidepressants,
Antipsychotics, Mood stabilizers,
Anxiolytics, Sedatives/Hypnotics) living
by himself and living alone.

NA

NA

NA

NA

n= 4020914 in
Log-binomial model-based prevalence (risk)
1997 and
ratio; antidepressant use was more prevalent
4152947 in 2007 among persons with insulin-treated diabetes
compared to those without diabetes in all age
groups and each study year; men 15-24 yrs RR=
1.50, 95% CI 1.39-1.61, p< 0.001; women 15-24 yrs
RR= 1.62, 95% CI 1.52-1.72, p< 0.001.

NA

NA

NA

NA

NA

NA

n= 110 siblings
n= 209
classmates

Matched t-tests
Children with T1D and their siblings did not differ
on Depression/Anxiety (p= 0.70)
Comparison with classmates NR

NA

NA

Unclear
NS
CDI scores of ≥13 were not related to
baseline HbA1c at baseline, at 6
months, or at 12 months/
Multivariable mixed linear model
NS
Controlling for age, sex, BMI z-score,
parental education, group (new-onset
or pump), and time, HbA1c was not a
significant independent predictor of
depressive symptoms.
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Table 2. Continued
First author (year)

Depression assessment
(type, measure)

Depression severity
(Mean ± SD)
% diagnosis (n) /
% elevated symptoms (n)

HbA1c assessment
(type)

McGrady et al. (2010)101

SRQ,
CDI total score ≥ 13

7.92 ± 7.14
23% (33)

Blood sample

McGrady et al (2009)73

SRQ,
CDI total score

7.3 ± 6.4
NR

Blood sample

Morgan et al. (2014)116

Depression was identified from
NR
diagnosis codes (Oxford Medical
Information System and Read),
along with at least one
antidepressant prescription
(monoamine oxidase inhibitors,
selective serotonin reuptake
inhibitors, tricyclic
antidepressants or other
antidepressants chapter 4.3 of the
British National Formulary).

NR

Depression treatment reported in
subgroups 5.7% (315 cases in a
sample of 5548 people with T1D)
Moussa et al (2005)149

SRQ,
HSCL-25 depression scale

Mean NR
Median:
1.67 ± NR
NR

Blood sample

Mullins et al. (1995)52

SRQ.
CDI total score

8.4 ± 9.7
NR

NR

Mutlu et al (2015)148

SRQ,
CDI total score

17.43 ± 8.68
NR

Endocrinologist
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and HbA1c

Direction of
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Statistical analysis & results 2
The severity and/or prevalence of depression in
the T1D group vs. the control group

Correlation between baseline CDI total +
score and baseline HbA1c were
significantly correlated (r= 0.26, p<
0.01).
The correlation between baseline CDI NS
total score and HbA1c at 6-month follow
up was not statistically significant (r=
0.12, p> 0.05).

NA

NA

Regression analysis:
+
Adjusted for age, sex, ethnicity,
diabetes duration, and mode of insulin
delivery; caregiver education level,
insurance status, and marital status;
site; and availability of meter
download, higher HbA1c values were
associated with more depressive
symptoms (B = 0.03, p= 0.05).

NA

NA

NR

NR

10 657 Matched The rate of depression in those with diabetes was
control subjects, twice that of their matched control subjects (HR:
based on year of 2.08, 95% CI 1.73–2.50, p< 0.001).
birth, sex and
general practice,
with up to two
control subjects
who did not
have a diagnosis
code for any
type of diabetes.

Correlation:
The correlation between HbA1c and
depression was: r= 0.32, p< 0.001.

+

n= 409
Children
without
diabetes from
the same
schools as the
diabetic
children.

t-test:
Median: 1.60 (children without diabetes) versus
1.67 (children with diabetes), p= 0.003, SD NR.

NR

NR

NA

NA

Pearson’s correlation analysis:
Depressive symptoms were not
significantly correlated with HbA1c (r=
0.09, p> 0.05).

NS

n= 55
The T1D group reported more depressive
Healthy children symptoms than the healthy group (17.43 ± 8.68
in a primary and vs. 10.20 ± 4.80, p< 0.001).
secondary
school near the
hospital.
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Table 2. Continued
First author (year)

Depression assessment
(type, measure)

Depression severity
(Mean ± SD)
% diagnosis (n) /
% elevated symptoms (n)

HbA1c assessment
(type)

Nakazato et al. (2000)161

Interview,
SCID-P

NR
Depressive disorders:
35.7% (6)

Medical records
Blood sample at study
entry and the average
level HbA1c value for a
consecutive 3-month
period during the past
year.

Nardi et al. (2008)141

SRQ,
YSR Withdrawn/depressed
subscale score and Affective
problems subscale score, and
Anxious/depressed subscale score
PRQ,
CBCL Withdrawn/depressed
subscale score and Affective
problems subscale score

6-10 yr:
Blood sample within
Self-reported Withdrawn/
one month
depressed:
NR
Self-reported Affective problems:
NR
Self – reports anxious/depressed
score:
NR
Proxy reported Withdrawn/
depressed:
57.0 ± 1.0
Proxy-reported Affective
problems:
55.0 ± 12.0
11-13 yr:
Self-reported Withdrawn/
depressed:
NR
Self-reported Affective problems:
NR
Self – reports anxious/depressed
score:
NR
Proxy reported Withdrawn/
depressed:
57.0 ± 1.0
Proxy-reported Affective
problems:
55.0 ± 12.0
14-18 yr:
Self-reported Withdrawn/
depressed:
NR
Self-reported Affective problems:
NR
Self – reports anxious/depressed
score:
NR
Proxy reported Withdrawn/
depressed:
57.0 ± 1.0
Proxy-reported Affective
problems:
55.0 ± 12.0
NR
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Control group

Statistical analysis & results 2
The severity and/or prevalence of depression in
the T1D group vs. the control group

NA

NA

NA

NA

6-10 yr:
There were no significant correlations
between psychosocial aspects and
HbA1c.
11-13 yr:
There were no significant correlations
between psychosocial aspects and
HbA1c.
14-18 yr:
Correlation:
Self-reported affective problems were
significantly correlated with HbA1c (r=
0.41, p<0.05).
After conducting a median split based
on HbA1c-values, adolescents with
worse HbA1c reported more affective
problems (50.5 ± 8.0 vs. 58.5 ± 15.5,
p<0.05).
Correlation:
Parent-reported withdrawn/depressed
problems was significantly correlated
with HbA1c (r= 0.31, p<0.05).

NS

n= 70
Healthy age, sex
and parental
economic status
matched
controls.

6-10 yr:
No differences were reported between youth with
type 1 diabetes and healthy control.
11-13 yr:
Youth with type 1 diabetes reported
psychological adjustment to be as good as that
of control.
14-18 yr:
Self-reported scores on the Affective problems
subscale and the withdrawn/depressed subscale
did not significantly differ between the
adolescents with type 1 diabetes and the control
group (details not reported).
Parents of adolescents with type 1 diabetes
reported higher scores for withdrawn/depressed
subscale (57.0 ± 10.0 vs. 54.0 ± 7.0, p= 0.016) and
affective problems (55.0 ± 12.0 vs. 51.0 ± 5.0, p<
0.001) than parents in the control group.

Chapter 2

Statistical analysis & results 1
The relation between depression
and HbA1c

NS

+

+

+

93

CHAPTER 2

Table 2. Continued
First author (year)

Depression assessment
(type, measure)

Depression severity
(Mean ± SD)
% diagnosis (n) /
% elevated symptoms (n)

HbA1c assessment
(type)

Niemcryk et al. (1990)53

SRQ,
CES-D total score

10.75 ± 7.44
NR

Blood sample

Northam et al. (2005)167

Interview,
DICA-IV Mood disorders
(Major Depression Disorder,
Dysthymia, Mania/Hypomania)

NR
17% (7)

Medical record

Olmsted et al. (2008)21

SRQ,
CDI total score measured at
assessment immediately before
onset of disturbed eating
behavior

6.0 ± 6.0
NR

Blood sample

Osborn et al. (2013)54

SRQ,
CDI total score

5.10 ± 5.47
NR

Medical records

Palladino et al. (2013)55

SRQ,
CES-D total score

NR
NR

NA

Perfect et al. (2012)56

SRQ,
SSHS Depressed Mood subscale

8.26 ± 2.28
NR

Medical records

Peterson et al. (2018)57

SRQ,
CDI total score ≥ 13

6.70 ± 4.9
NR

Medical records

Pinhas-Hamiel et al. (2015)150 Use of antidepressant medication NR
(medical charts)

Medical records

Pisarić and Nišević (2011)131

SRQ,
CBCL, depression/anxiety scale

21.54 ± NR
NR

NR

Plener et al. (2015)124

1) Physician diagnosed
depression (ICD-10 or DSM-IV), or
2) patient reported symptoms of
depression in the charts, or 3)
medication for depression or
herbal “remedies” for depression
(319 search terms)

Antidepressant medication and/ Registry
or a diagnosis of depression and/
or depressive symptoms were
reported in 419 (0.78%) patients.
The percentage of patients with
depression was larger in older age
groups
0< 11 yr: 0.13% (15)
11≤ 18 yr: 0.75% (235)
18≤ 25 yr: 1.58% (169)

Potts et al. (2015)58

SRQ,
CDI total score

7.23 ± 5.54
NR
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Statistical analysis & results 2
The severity and/or prevalence of depression in
the T1D group vs. the control group

NS
Correlations:
Depression was not significantly
related to HbA1c (r= 0.15, p> 0.05).
None of the psychosocial scores was
significantly correlated with later HbA1c
levels. (details not shown)

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Correlation analysis:
r= 0.18, p< 0.05.

+

NA

NA

NA

NA

n= 122

Mixed ANCOVA adjusted for sex, school status,
time (T1, T2), BMI and social status
Adjusted for sex, school status, time, BMI and
social status, the control group and the group
with diabetes did not significantly differ with
respect to depressive symptoms.

NA

NA

NA

NA

Correlation analysis:
r= 0.23 (p> 0.05)

NS

NA

NA

NR

NR

NA

NA

NR

NR

n= 31
Somatoform
Autonomic
Dysfunction
n= 31 healthy
peers

Somatoform Autonomic Dysfunction: 26.23
(mean, SD not reported).
Health peers: 19.74 (mean, SD not reported).

GEE, adjusted for multiple
+
comparisons, age, sex, duration of
diabetes, and center heterogeneity:
Depressed group:
74.5 mmol/mol (95% CI: 72.28–76.72)
vs. non-depressed group: 67.58 mmol/
mol (95% CI: 67.40–67.75), p< 0.001.

NA

NA

Correlation:
CDI scores were not significantly
related to HbA1c (r= 0.03, p> 0.05)

NA

NA

NS
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Table 2. Continued
First author (year)

Depression assessment
(type, measure)

Depression severity
(Mean ± SD)
% diagnosis (n) /
% elevated symptoms (n)

HbA1c assessment
(type)

Powers et al. (2017)59

SRQ,
CES-D total score

10.0 ± 9.18

Medical records

Puri et al. (2013)154

SRQ,
WHO-5 total score

74.6 ± 19.4
Medical records
Low mood (score < 52): 21.3% (10)
Likely depression (score <28): 2%
(1)

Rassart et al. (2017)60

SRQ,
CDI total score

NR
NR

Medical records

Reynolds et al. (2014)61

SRQ,
BASC-2 total Z-score

Baseline:
-0.01 ± 0.57
Follow-up:
0.00 ± 0.70
NR

Medical records

Rothbaum et al. (1992)62

SRQ,
CDI total score
SRQ,
Mood subscale score from the
Health and Daily Living-Youth
form

NR
NR

Blood sample

Santos et al. (2013)109

SRQ,
HADS-D total score

NR
NR

Medical records

Santos et al. (2015)108

SRQ,
HADS-D total score

4.01 ± 3.3
NR

Medical records

Schoenherr et al. (1992)63

SRQ,
CDI total score

9.3 ± 7.5
NR

Medical records

Shaban et al. (2006)117

SRQ
HADS-D total score ≥ 8

3.4 ± 3.5
13.6% (37)

Medical records
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Control group

Statistical analysis & results 2
The severity and/or prevalence of depression in
the T1D group vs. the control group

NA

NA

NA

NA

+
t-test:
Group with elevated HbA1c (according
to ADA criteria) had a lower mean
WHO5 score compared to the group
with non-elevated HbA1c: 71.1 (SD 19.4)
versus 90 (SD 7.4), p= 0.004

NA

NA

Correlations:
Bivariate cross-sectional correlations
between depressive symptoms and
HbA1c were statistically significant.
T1: r= 0.23, p≤ 0.001
T2: r= 0.35, p≤ 0.001
T3: r= 0.31, p≤ 0.001
T4: r= 0.18, p= 0.05

NA

NA

+
+
+
+

NA

NA

NA

NA

Correlation with CDI, Spearman’s rho= NS
-0.25,
HbA1c at assessment time was not
significantly correlated with
depression.
Correlation with Mood-score,
+
Spearman’s rho= 0.35, p<0.04.
HbA1c at assessment time was
positively correlated with negative
mood.

NA

NA

Correlation r= 0.33, p= 0.002
+
Multiple linear regression with HbA1c as +
dependent variable, adjusting for
diabetes knowledge, resilience, anxiety
b= 0.20, p= 0.031. Partial correlation =
0.24.

NA

NA

Correlation r= 0.34, p< 0.001
HbA1c and depressive symptoms were
significantly correlated.

+

NA

NA

NA

NA

NA

NA

Normative data
from general UK
adult
population
recruited from a
wide variety of
sources

There was no difference between the group with
diabetes and the norm group without diabetes in
mean depression score (score of norm group not
reported; p= 0.25)
The prevalence of depression did not differ
between the group with diabetes and the norm
group (13.6% versus 11.3%, p= 0.27).

Correlation:
+
HbA1c was positively correlated with
depressive symptoms (r= 0.14, p= 0.02).
NS
There was no difference in the mean
HbA1c for those reporting different
symptom severity for depression
(HADS-D≥ 11 HbA1c 8.7%, HADS-D< 8
HbA1c 8.9%, p= 0.5; type of analysis not
reported).

Chapter 2

Statistical analysis & results 1
The relation between depression
and HbA1c

97

CHAPTER 2

Table 2. Continued
First author (year)

Depression assessment
(type, measure)

Depression severity
(Mean ± SD)
% diagnosis (n) /
% elevated symptoms (n)

HbA1c assessment
(type)

Silverstein et al. (2015)64

SRQ,
CDI-2 12-item short form

NR
13% (35)

Medical records

Sim et al. (2009)65

SRQ,
BDI-II total score

5.94 ± 6.21
NR

NA

Sinnamon et al. (2012)168

SRQ,
PH-PANAS-C

NR
NR
Depression:
9.4% (5)
Of which full syndrome
depression was 1.9% (1) and
subthreshold depression 7.5% (4).
Mixed anxiety-depression: 13.2%
(7), of which 5.7% (3) was full
syndrome, and 7.5% (4)
subthreshold.

Sivertsen et al. (2014)113

SRQ,
SMFQ total score

6.5 ± 5.8
NR

NR

Skinner and Hampson
(1998)119

SRQ,
WBQ depression subscale score

4.62 ± 2.38
NR

NR

Skinner and Hampson
(2001)121

SRQ,
WBQ depression subscale score

Baseline:
4.32 ± 2.07
Follow-up:
4.66 ± 2.38
NR

Medical records

Skinner et al. (2000)122

SRQ,
WBQ depression subscale score

Baseline:
5.25 ± 3.30
Follow-up:
5.02 ± 2.80
NR

NA

Stewart et al. (2005)66

SRQ,
CES-D total score ≥ 12 for boys
and ≥ 22 for girls

14.75 ± 9.54
33% (76)

Medical records
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Control group

Statistical analysis & results 2
The severity and/or prevalence of depression in
the T1D group vs. the control group

t-test:
NS
In T1D, mean HbA1c levels were 8.5%
(70 mmol/mol) vs. 8.3% (67 mmol/mol)
(p= 0.48) in participants with and
without depressive symptoms.
NA

NA

n= 40
Community
sample

Mean depression in the community sample was
3.94 ± 5.15.

NR

NR

n= 54
Non-diabetes
control group
from “the
corresponding
general
population”

Depression: 3.7% (2)
Of which full syndrome depression was 3.7% (2),
and subthreshold depression was 0% (0).
Total prevalence of depression was not
significantly different from controls
(χ2= 0.625, p= 0.270).
The difference in prevalence of full syndrome
disorders was also not significant
(χ2= 0.000, p= 1.000).
The difference in prevalence of subthreshold
depression was also not significant
(χ2= 2.396, p= 0.057).
Prevalence of mixed anxiety-depression was not
significantly different for the total prevalence
(χ2= 2.024, p= 0.093), full syndrome disorders
(χ2= 0.000, p= 0.678)., and subthreshold disorders
(χ2= 2.396, p= 0.057).

NR

NR

n= 9843

No significant difference in depression symptoms
severity depression when comparingT1D with
controls (6.5 ± 5.8 vs. 5.8 ± 5.8, p= 0.28,
Cohen’s d= 0.12).

NA

NA

NA

NA

Bivariate correlations:
NS
Depression and glycemic control were
not significantly associated (data not
shown).

NA

NA

NA

NA

NA

NA

NA

NA

Independent sample t-test
+
Youth scoring below CES-D cutoff point
(n= 155) had significantly lower HbA1c
than those scoring above the CES-D
cutoff (n= 76). The Hba1c levels were
8.38 ± 1.63 vs 9.07 ± 1.94 (p= 0.01),
respectively.
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Table 2. Continued
First author (year)

Depression assessment
(type, measure)

Depression severity
(Mean ± SD)
% diagnosis (n) /
% elevated symptoms (n)

HbA1c assessment
(type)

Stewart et al. (2011)67

SRQ,
CES-D mean item score and
CES-D total score ≥ 12 for boys
and ≥ 22 for girls

0.72 ± 0.47
35% (53)

Medical records

Stewart et al. (2009)104

SRQ,
SRQ:
CES-D mean item score and
35% (81)
CES-D total score ≥ 12 for boys
and ≥ 22 for girls
PRQ,
PARS-III Anxiety/Depression score

Medical records

Storch et al. (2004)102

SRQ,
CDI total score

33.8 ± 7.0
NR

NA

Storch et al. (2005)68

SRQ,
CDI total score minus item on
suicidal ideation total score
PRQ, CBCL
Anxious/Depressed subscale
score

NR
4.03 ± 4.01
33.86 ± 7.84

NA

Sztein et al. (2016)69

Hospitalization ICD-9 primary or
secondary diagnostic code
indicative of depression, anxiety,
or bipolar disorder

NR

NA
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Control group

Statistical analysis & results 2
The severity and/or prevalence of depression in
the T1D group vs. the control group

NA

NA

n= 68
Medically well
controls

The depression severity in the control group was
0.57 ± 0.41 with 32% (n= 22) scoring above the
cutoff point.
The proportion of youth with and without T1D
that fell above the cut-point was not significantly
different (p>0.10).
t-test:
The mean depression score was significantly
higher in participants with diabetes than
participants without diabetes (0.72 ± 0.47 vs. 0.47
± 0.45, p< 0.05).
ANOVA:
Participants with type 1 diabetes reported higher
symptoms overall (F (1, 217= 4.86, p< 0.01, partial
η2= 0.02).

Correlations:
+
Patient reported depressive symptoms
and HbA1c were significantly correlated
(r= 0.14, p< 0.05).
Parent-reported depressive symptoms NS
were not significantly correlated with
HbA1c (r= 0.05, p≥ 0.05).

NA

NA

NA

NA

n= 32 children NA
without a
medical
diagnosis,
matched for age
and gender
Not completed
by control group

NA

NA

NA

NA

NA

NA

Children
discharged
without type 1
diabetes
n not reported

Children discharged with type 1 diabetes were
3.5 times more likely to have a comorbid anxiety,
depression, or bipolar disorder diagnosis than
other hospitalized children (95% CI, 3.42-3.59;
p≤ 0.0001).
Children discharged with type 1 diabetes were
not more likely to have a comorbid depression
(but not anxiety or bipolar) diagnosis than other
hospitalized children (OR 4.17, 95% CI 4.05-4.30).
Children discharged with type 1 diabetes were
not more likely to have a comorbid bipolar (but
not anxiety or depression) diagnosis than other
hospitalized children (OR 2.46, 95% CI 2.35-2.57).

101

Chapter 2

DEPRESSION, ANXIETY, AND THEIR ASSOCIATIONS WITH HBA 1C

CHAPTER 2

Table 2. Continued
First author (year)

Depression assessment
(type, measure)

Depression severity
(Mean ± SD)
% diagnosis (n) /
% elevated symptoms (n)

Takii et al. (1999)163

SRQ,
SDS
Interview,
“Clinical diagnostic interview”
according DSM-IV criteria

Bulimia Nervosa (BN): 53.3 ± 7.2 Lab assessment (%),
Binge Eating Disorder (BED): 42.8 within 30 days after
± 7.2
study enrollment
BN: 77.3% (17) mood disorder, of
which Major depressive disorder=
10, Dysthymic disorder= 7, Bipolar
II disorder= 1.
BED: 45.5% (8) mood disorder, of
which Major depressive disorder=
3, Dysthymic disorder= 2, Bipolar
II disorder= 0.

Takii et al. (2002)162

SRQ,
SDS
Interview, “Clinical diagnostic
interview” according DSM-IV
criteria

BED: 44.5 ± 7.3
NR
BN: 52.0 ± 9.3
NR

Lab assessment (%),
within 30 days after
study enrollment

Tercyak et al. (2005)70

SRQ,
CES-D total score

NR
15% (8)

Medical records

Tran et al. (2011)71

SRQ,
CDI total score

5.41 ± 5.13
NR

Medical records

Tucker et al (2018)103

SRQ,
CDI total score

8.36 ± 6.09
NR

Medical records

Van Gampelaere et al.
(2018)134

SRQ,
CDI total score

5.91 ± 3.49
NR

NA

Vera et al. (1997)138

Interview,
K-SADS-E
SRQ,
BDI total score

Major depression
0% (0)
Dysthymia:
25% (10)

Unspecified

Vila et al. (1999)136

SRQ,
CDI total score

7.7 ± 7.2
NR

Unspecified
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Control group

Statistical analysis & results 2
The severity and/or prevalence of depression in
the T1D group vs. the control group

NR

NR

n= 32 controls
with T1D no
eating disorder

ANOVA:
SDS depression scores:
BN: 53.3 ± 7.2
BED: 42.8 ± 7.2
Controls: 37.1 ± 6.8
(F(1,31)= 15.62, p< 0.0001)
BN: 77.3% (n= 17) mood disorder;
BED: 45.5% (n= 8) mood disorder
Comparison diagnostic data (all 3 groups) not
reported.

NA

NA

NA

NA

Correlation:
NS
HbA1c and depressive symptoms were
not significantly correlated (r= 0.15, p>
0.10).

n= 100 healthy
controls

15% of adolescents with T1D had elevated
depression score compared to 11% (n= 6) of
healthy adolescents.
Compared to healthy adolescents, adolescents
with diabetes also reported greater symptoms of
depression, t(104) = –1.96, p< 0 .05).

Pearson correlation:
Depressive symptoms and HbA1c were
significantly correlated (r= 0.229, p<
0.01).

+

NA

NA

Correlation:
+
Depressive symptoms and glycemic
control were significantly correlated (r=
0.20, p< 0.05).

NA

NA

NA

NA

NA

NA

Correlation:
There was no significant correlation
between metabolic control and
depression (BDI score).

NS

n= 35
Age, race, sex
and
socioeconomic
status matched
controls

Dysthymia was present in 11.4% (n= 4) of the
control group, which did not significantly differ
with the T1D group (χ2 = 2.265, p> 0.05)
Mean depression in the control group was 4 ± 4.4,
which was significantly lower than in the T1D
group (t-value = 2.528, p< 0.01).

NA

NA

NA

NA

103

Chapter 2

DEPRESSION, ANXIETY, AND THEIR ASSOCIATIONS WITH HBA 1C

CHAPTER 2

Table 2. Continued
First author (year)

Depression assessment
(type, measure)

Depression severity
(Mean ± SD)
% diagnosis (n) /
% elevated symptoms (n)

HbA1c assessment
(type)

Vila et al. (1995)135

Interview,
K-SADS-E
SRQ,
BDI total score ≥ 10

Major depressive disorder:
0% (0)
Dysthymia:
Obese T1D: 27% (4)
Non-Obese T1D: 14% (5)
Present and/or past dysthymia:
Obese T1D: 47% (7)
Non-Obese T1D: 16% (6)
BDI score:
Obese T1D: 9.4 ± 8.1
Non-obese T1D:
6.8 ± 5.4
Elevated depression (BDI ≥ 10):
Obese T1D: 40% (6)
Non-obese T1D: 24% (9)

Unspecified

Vila et al. (2004)137

SRQ, CDI total score
PRQ, CBCL Anxiety/Depressed
scale score

8.3 ± 5.8
55.1 ± 6.4
NR

NA

Weglage et al. (2000)125

PRQ,
CBCL Withdrawn subscale score
PRQ,
CBCL Anxious/Depressed
subscale score

56.8 ± 7.2
56.8 ± 7.1
NR

Unclear

Wiebe et al. (2011)

SRQ,
CDI total score ≥13

NR
Baseline:
17% (14) elevated symptoms of
depression
Follow-up:
17% (14) elevated symptoms of
depression.

Medical records

Williams et al. (2014)169

SRQ,
CDI total score ≥ 19

6.77 ± 6.70
15% (9)

Medical records

Williams et al. (2009)74

SRQ,
CDI total score ≥ 13

NR
16% (30)

Blood sample
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Statistical analysis & results 1
The relation between depression
and HbA1c

Direction of
statistically
significant
association*

Control group

Statistical analysis & results 2
The severity and/or prevalence of depression in
the T1D group vs. the control group

Linear regression analysis:
NS
There was no significant correlation
between depressive symptoms and
HbA1c.
Obese IDDM girls with life-time
Dysthymia
had higher HBA1C than those girls
without
Dysthymia (10.8% vs 8.8%, z= -2.145, p=
0.032).

Non-T1D, but
obese: n= 22
Non-T1D,
non-obese: n=
24

Major depression:
0% (0)
Dysthymia:
Non-T1D obese: 14%(3)
Non-T1D, non-obese: 4% (1)
There were no significant differences between
the four groups (data not shown).
Present and/or past dysthymia:
Non-T1D obese:18% (4)
Non-T1D, non-obese: 8% (2).
The obese T1D girls differed significantly from the
non-obese T1D group (p< 0.05), but there were
no differences between the other groups.
BDI score:
Non-T1D obese: 6.9 ± 5.8
Non-T1D non-obese:
3.3 ± 3.1
The Beck Depression Inventory (BDI) scores were
significantly higher in the obese and the
non-obese IDDM and in the obese girls without
diabetes than in the normal group (p < 0.01 in all
cases), but there were no differences between
these three groups.
Elevated depression:
Non-T1D obese: 27% (6)
Non-T1D non-obese: 4% (1)
Differences were significant between obese or
non-obese IDDM girls and normal girls
(respectively p< 0.008 and p< 0.04), but not
between diabetic (obese or not) girls or between
obese (diabetic or not) girls.

NA

NA

NA

Withdrawn subscale scores did not
NS
statistically differ between the good
control group (56.0 ± 7.0) and the poor
control group (55.9 ± 6.9).
Anxious/Depressed subscale scores did NS
not statistically differ between the
good control group (56.2 ± 7.2) and the
poor control group (57.1 ± 7.1).

n= 2900
Normative
sample from
technical
manual

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA
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Table 2. Continued
First author (year)

Depression assessment
(type, measure)

Depression severity
(Mean ± SD)
% diagnosis (n) /
% elevated symptoms (n)

HbA1c assessment
(type)

Wong et al. (2015)75

SRQ,
CDI total score

7.9 ± 7.1
NR

Medical records

Wrigley et al. (1991)120

SRQ,
4.53 ± NR
POMS Depression subscale score NR

Medical records

Wu et al. (2013)72

SRQ,
CDI total score ≥ 13
PRQ,
CDI total score ≥ 17

CDI: child
7.9 ± 7.1
23.3% (31)
CDI: Parent
2.9 ± 7.1
27.8% (37)

Blood sample

Young-Hyman et al. (2016)105 SRQ,
CDI total score

6.64 ± 5.89
NR

Medical records

Zduńczyk et al. (2014)127

SRQ,
CDI total score ≥ 13

NR
Medical records
19.4% (72)
18% (31/177) of participants with
HbA1c < 7.5% reported depressive
symptoms, while 21% (41/195)
with HbA1c ≥ 7.5% reported
depressive symptoms.

Zheng et al. (2013)156

PRQ,
CBCL Withdrawn subscale score
PRQ,
CBCL Anxious/Depressed
subscale score

2.16 ± 1.35
2.18 ± 1.21
NR

Blood sample

* The direction of statistically significant associations is represented as + (positive association, meaning greater severity of
depression is related to higher HbA1c), NS (no significant association), - (negative association, meaning greater severity of
depression is related to lower HbA1c). Abbreviations: BASC-2, Behavioral Assessment System for Children-Second Edition; BDIII, Beck’s Depression Inventory-II; BDI-R Beck’s Depression Inventory-Revised; BDI-Y, Beck’s Depression Inventory –Youth; BMI,
body mass index; BSI, Brief Symptom Inventory; CBCL, Child Behavior Checklist; CDI, Children’s Depression Inventory; CDI:P,
Children’s Depression Inventory: Parent Report; CDI-S, Children’s Depression Inventory – Short form; CDRS: Children’s Depression
Rating Scale – Revised; CES-D, Center of Epidemiological Studies Depression Scale; CES-D10, Center of Epidemiological Studies
Depression Scale-10 items; CES-DC, Center of Epidemiological Studies Depression Scale for Children; CES-DC-10, Center of
Epidemiological Studies Depression Scale for Children – 10 items; CPMS, Childhood psychopathology measurement schedule;
DICA-IV, Diagnostic Interview Schedule for Children and Adolescents – Version Four; DSRS, Depression Self-Rating Scale of
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Statistical analysis & results 1
The relation between depression
and HbA1c

Direction of
statistically
significant
association*

Statistical analysis & results 2
The severity and/or prevalence of depression in
the T1D group vs. the control group

+
Multiple regression analysis:
Adjusted for method of insulin delivery
method at baseline, change of insulin
delivery method over time, sex, age,
duration of diabetes, frequency of
BGM, ethnicity, Baseline insurance,
baseline caregiver marital status,
baseline caregiver education, higher
CDI score was significantly related to
higher current HbA1c (β= 0.039,
standard error= 0.012, p= 0.001, 95%
confidence interval = 0.016-0.062).

NA

NA

NA

NA

NA

NA

NS
Correlations:
Baseline self-reported depressive
symptoms were not correlated with
HbA1c at 18 months (r= 0.124, p= 0.156), +
while parent-reported depressive
symptoms were (r= 0.229, p= 0.008).

NA

NA

NA

NA

NA

NA

Fisher’s exact test:
There was no difference in prevalence
of depressive symptoms between the
well-controlled versus the poorlycontrolled T1D groups (Odds ratio=
1.25, 95% confidence interval=
0.75-2.11, p= 0.432).

NS

NA

NA

NS
t-test:
Withdrawn score did not significantly
differ between the well-controlled and
the poorly-controlled group (2.00 ±
1.36 vs. 2.53 ± 1.36, t= 1.226, p= 0.227)
Anxious/Depressed score did not
significantly differ between the
well-controlled and the poorlycontrolled group (2.18 ± 1.23 vs 2.27 ±
1.16, t= 0.222, p= 0.825).

Chapter 2

Control group

n= 53
t-tests:
Healthy children Anxiety/Depressed was significantly higher in
children with type 1 diabetes (2.18 ± 1.21) than in
healthy controls (1.45 ± 0.85,t= 3.474, p= 0.001).
Withdrawn score was also significantly higher in
the patient group vs the control group (2.16 ±
1.35 vs. 1.42 ± 0.91, t= 0.320, p= 0.002)
Compared with the control group, children with
well controlled T1D had higher anxiety/
depression (1.45 ± 0.45 vs. 2.18 ± 1.23
respectively, t= .063, p= 0.003).
Children with poorly controlled diabetes also had
significantly higher withdrawn score (1.42 ± 0.91,
t= 3.750, p<0.001).
Children with poorly controlled T1D also had
significantly higher anxiety/depression than the
healthy controls (2.27 ± 1.16, t= 3.019, p= 0.004).

Children; EDE, Eating Disorder Examination; HADS(-D), Hospital Anxiety and Depression Scale- (-Depression); HbA1c, glycated
hemoglobin A1c; HSCL-25, Hopkins Symptom Checklist-25; ICD-9-CM, International Classification of Diseases – 9th Revision
Clinical Modification; ISCA, Interview Schedule for Children and Adolescents; K-CBCL, Korean Child Behavior Checklist; KSADSPL, Kiddie Schedule for Affective Disorders and Schizophrenia for School-Age Children--Present and Lifetime Version; MDI, Major
Depression Inventory; NA, not applicable; NR, not reported; PH-PANAS-CH, Physiological hyperarousal and positive and negative
affect schedule for children; PBS-50d, Pediatric Behavior Scale; PHQ-9, Patient Health Questionnaire -9; PHQA-8, Patient Health
Questionnaire for Adolescents-8; PRQ, proxy-report questionnaire; POMS, Profile of Mood States ; SCID-P, structured clinical
interview for DSM-III-R-Patient; SDS, Zung Self-Rating Depression Scale; SMFQ, short version of the Mood and Feelings
Questionnaire; SRQ, self-report questionnaire; SSHS, School Sleeping Habit Survey; T1D, type 1 diabetes mellitus; WBQ, Wellbeing questionnaire; YSR, Youth Self Report.
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Table 3. The severity and/or prevalence of anxiety in adolescents with type 1 diabetes, and the relation between anxiety and
HbA1c.
First author (year)

Anxiety assessment (type,
measure)

Anxiety severity
(Mean ± SD)
% diagnosis (n) / % elevated
symptoms (n)

HbA1c assessment
(type)

Adal et al. (2015)145

SRQ,
STAI-I for children

33.4 ± 7.7
NR

Unspecified

Agrawal et al. (2016)152

PRQ,
CPMS anxiety factor score, +1SD
of the local population norm

0.46 ± 0.678
10% (10)

Hospital record
review, mean over 6
months prior to
enrollment:

Akbaş et al. (2009)146

PRQ,
CBCL Anxious/Depressed
subscale score

61.1 ± 8.8
NR

Medical history form
filled in by
endocrinology
specialist

Al Hayek et al. (2015)151

SRQ,
SCARED subscale scores Panic
Disorder, Generalized anxiety
disorder, Separation anxiety
disorder, Social anxiety disorder,
Significant school avoidance.

Panic disorder: 0.87 ± 0.47
Generalized anxiety disorder:
0.72 ± 0.39
Separation anxiety disorder:
0.87 ± 0.47
Social anxiety disorder:
0.95 ± 0.56
Significant school avoidance:
0.63 ± 0.50
NR

Medical records
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Direction of
statistically
significant
association*

Control
group

Statistical analysis & results 2
The severity and/or prevalence of anxiety in the
T1D group vs. the control group

Spearman’s correlation analysis:
STAI-I total score and HbA1c showed a
weak correlation (r= 0.18, p= 0.002).

+

NA

NA

NA

NA

NA

Local population norm scores: 0.49 ± 0.79

Stepwise multiple
regression model with the correlates
age, gender, duration of illness,
number and duration of
hospitalizations, and
CBCL subscale scores: Anxiety/
depression subscale scores were not
significantly associated with HbA1c
levels (data not reported).
t-test:
Anxiety/depression subscale scores in
the good (64.2 ± 9.9), moderate (55.2
± 6.0) and bad metabolic groups (61.4
± 8.3) did not significantly differ (t=
4.695, p> 0.05). Further data not
reported.

NS

n= 42
Randomly
selected age
and gender
matched
controls from
school settings
without
diagnosed
chronic
medical
illnesses

t-test: Parents of children and adolescents with
T1D reported significantly higher subscale
scores in anxiety/depression than parents in the
control group (mean control group: 57.1 ± 7.9,
t= 2.163, p= 0.033).

t-tests:
Children with HbA1c ≥ 7% reported
significantly higher scores on social
anxiety disorder (1.37 ± 0.4 vs. 0.85 ±
0.54, p< 0.05) and lower on significant
school avoidance (0.47 ± 0.53 vs. 0.66
± 0.48, p< 0.05) than the group with
HbA1c <7%. Subscale scores of panic
disorder, generalized anxiety disorder
and separation anxiety disorder did
not differ significantly between
children with HbA1c ≤ 7% and children
with HbA1c > 7% (0.84 ± 0.49 vs. 1 ±
0.39, 0.73 ± 0.42 vs. 0.67 ± 0.2, and
0.84 ± 0.48 vs. 1 ± 0.37 respectively.

Panic disorder:
NS
Generalized
anxiety
disorder:
NS
Separation
anxiety
disorder:
NS
Social anxiety
disorder:
+
Significant
school
avoidance:
-

NA

NA

NS
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HbA1c
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Table 3. Continued
First author (year)

Anxiety assessment (type,
measure)

Anxiety severity
(Mean ± SD)
% diagnosis (n) / % elevated
symptoms (n)

HbA1c assessment
(type)

Bernstein et al. (2013)20

SRQ,
SCARED-41 total score ≥ 25

NR
21.3% (32)

Chart review gathered
at the time of the
study or afterwards
(within 2 months)

Blanz et al. (1993)123

Fully structured interview by
developed by Esser et al. (1989)
School phobia, general anxiety,
panic behavior, phobias,
compulsions, mutistic behavior
symptom score.
Introversive diagnostic
syndrome score encompassing
anxiety disorders and depressive
syndromes.

NR

Blood sample

Butwicka et al. (2016)129

Interview,
KSADS-PL

NR
15.5% (32) current anxiety
disorder
19.3% (40) lifetime anxiety
disorder

Medical records

Cemeroglu et al. (2015)22

SRQ,
D-FISQ FI/FISC ≥ 6, FST ≥ 6

NR
Based on SRQ
FI/FISC: 22% (22)
FST: 12% (12)
Based on PRQ
FI/FISC: 26% (26)
FST: 13% (13)

Medical records

PRQ,
D-FISQ FI/FISC ≥ 6, FST ≥ 6
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Statistical analysis & results 1
The relation between anxiety and
HbA1c

Direction of
statistically
significant
association*

Multivariate linear regression analysis
adjusting for age, gender, education,
exercise, treatment type, DM duration,
HbA1c, and hypo characteristics:
HbA1c was related to social anxiety
disorder (β= -0.527, p < 0.001) and
significant school avoidance (β=
0.142, p <0.047).
HbA1c was not significantly associated
with panic disorder (β= -0.069, p=
0.321), generalized anxiety disorder
(β= 0.030, p= 0.671), and separation
anxiety disorder (β= -0.094, p= 0.234).

Panic disorder:
NS
Generalized
anxiety
disorder:
NS
Separation
anxiety
disorder:
NS
Social anxiety
disorder:
Significant
school
avoidance:
+

Statistical analysis & results 2
The severity and/or prevalence of anxiety in the
T1D group vs. the control group

Multivariate logistic regression
NS
analysis containing age, diabetes
duration, gender, maternal education,
insurance status, anxiety, disordered
eating, anxiety and taking less insulin
than directed:
Anxiety was not related to HbA1c ≥
8.5% (OR= 1.99, 95%CI= 0.90-4.40, p=
0.09)

NA

NA

NA

NA

n= 93
Controls
without
diabetes
mellitus
matched on
age, sex, and
socioeconomic
status

Stepwise discriminant analysis with the four
specific symptom scores (introversive,
antisocial, hyperkinetic, eating disorder) as the
independent variables and the group (diabetic
vs. control group as dependent variable:
Introversive symptoms were higher in the
diabetic group (3.71 vs. 2.68, F= 5.6, p< 0.02,
standardized coefficient of discriminant
function = -0.536).
On symptom level there were significantly
higher rates of compulsions in the diabetic
group compared with the control group (x2 =
4.14, p< 0.05).

NA

NA

NA

NA

NA

NA

NA

NA

Chapter 2

Control
group
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Table 3. Continued
First author (year)

Anxiety assessment (type,
measure)

Anxiety severity
(Mean ± SD)
% diagnosis (n) / % elevated
symptoms (n)

HbA1c assessment
(type)

Cho et al. (2013)158

PRQ,
K-CBCL subscale Anxious/
Depressed T-score

49.8 ± 11.0
NR

Questionnaire

Daviss et al. (1995)27

SRQ,
RCMAS total score

9.1 ± 7.1

Fingerprick test, blood
analysed with Miles
DCA 2000 device.

Di Battista et al. (2009)28

SRQ,
SAS-A total score > 50

37.73 ± 11.70
NR

Unclear
“Demographics
and most recent
hemoglobin A1C result
were assessed by
self-report.“
“Participants
A1C assays were taken
the same day the
questionnaire was
completed. A1C results
were available for
analysis for 74
participants (1 missing
each from the male
and female groups).”

Dybdal et al. (2018)110

Anxiety, dissociative,
stress-related and
somatoform disorders were
determined as
ICD-10 codes F40-48, extracted
from registers

NR
Incident anxiety disorders:
4.86% (247)

NA

Eaton et al. (1992)29

SRQ and PRQ,
STAI state score and STAI state
rephrased so that family
members could provide
information about the patient.

24 ± 12.08

Blood sample

Edgar et al. (2003)114

SRQ,
WBQ Anxiety subscale

4.74 ± 2.45

NA
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Statistical analysis & results 1
The relation between anxiety and
HbA1c

Direction of
statistically
significant
association*

Control
group

Statistical analysis & results 2
The severity and/or prevalence of anxiety in the
T1D group vs. the control group

ANOVA:
NS
The K-CBCL subscores on the
Anxious/depressed scale also did not
significantly differ between the
poorly-controlled and adequate
controlled group (51.1 ± 10.7 vs. 46.9 ±
11.6), p> 0.05).

n= 38
Children with
comparable
age and sex.

Student t-test:
Scores of children with T1D on the K-CBCL
subscale Anxious/depressed was significantly
higher than of the scores of the controls (49.8 ±
11.0 vs. 43.7 ± 7.6, p= 0.014).
ANOVA:
K-CBCL Anxious/Depressed subscores were
significantly different in the well-controlled T1D
group, the poorly-controlled T1D group and
normal control group (p<0.018). Specifically, the
poorly-controlled T1D group scored
significantly higher than the normal control
group (51.1 ± 10.7, 43.7 ± 7.6, p< 0.05).

NA

NA

NA

NA

Pearson correlations:
Social anxiety was not correlated to
HbA1c results in boys or girls (data not
reported).

NS

NA

NA

NA

NA

n= 35588
Randomly
selected from
the
background
population,
matched by
their sex and
date of birth.

The incidence rate in control group was 3.56%
(n= 1267) as opposed to 4.86% in the T1D
group.

Correlation:
Anxiety scores were not significantly
correlated with blood sugar (r= 0.11,
p> 0.10).
In the young unmarried group, the
correlation was not significant (r=
-0.08, p> 0.10

NS

NA

NA

NA

NA

NA

NA

NS
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Table 3. Continued
First author (year)

Anxiety assessment (type,
measure)

Anxiety severity
(Mean ± SD)
% diagnosis (n) / % elevated
symptoms (n)

HbA1c assessment
(type)

Garrison et al. (2005)30

ICD-9-CM Codes for internalizing
disorders: 296.2x, 296.3x, 296.82,
298.0x, 300.0x, 300.2x, 300.3x,
300.4x, 309.0x, 309.1x, 309.81,
311.xx, 313,0x

NR
3.3% (254)
Adolescents:
6.6% (205)

NA

Grey et al. (1995)31

SRQ,
STAIC State score

Intake:
28.7 ± 4.4
Year 1:
27.9 ± 5.6
Year 2:
28.9 ± 5.4
NR

Medical records

Grey et al. (1991)86

SRQ,
STAIC State score

29.2 ± 4.7
NR

Blood sample

Helgeson et al. (2007)95

SRQ,
BASC anxiety score

T1:
1.65 ± NR
T2:
1.53 ± NR
T3:
1.58 ± NR
There was a significant negative
associations between time and
anxiety symptoms (B= -0.06,
SE-B= 0.03).

Unclear

Herzer et al. (2010)37

SRQ,
STAIC state anxiety score > 1 SD
above the mean

29.82 ± 4.99
13.4% (37)

Blood sample
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Statistical analysis & results 1
The relation between anxiety and
HbA1c

Direction of
statistically
significant
association*

Control
group

Statistical analysis & results 2
The severity and/or prevalence of anxiety in the
T1D group vs. the control group

NA

NA

NA

NA

NA

NA

n= 53
Peer-referred
nonchronically
ill sex matched
controls

State anxiety scores did not significantly differ
between children with T1D and children
without T1D at intake (28.7 ± 4.4 vs. 28.4 ± 4.0,
p> 0.01), year 1 (27.9 ± 5.6 vs. 27.7 ± 4.4, p> 0.01)
and year 2 (28.9 ± 5.4 vs. 28.3 ± 4.6, p> 0.01).

Pearson correlation:
State anxiety symptoms were not
correlated with hemoglobin A1 (r=
0.34).

NS

NA

NA

NA

NA

n= 131
Healthy
controls
recruited from
three health
fairs at area
malls and from
a local
pediatric
physician
network.

The mean BASC scores at T1, T2, and T3 were
1.68, 1.61, and 1.58 respectively.

Correlation:
State anxiety and HbA1c were
significantly associated (r= 0.25,
p<0.001).
ANOVA:
Adolescents
with high levels (> 1 SD above mean)
of state anxiety had higher A1c levels
than adolescents endorsing
moderate (within ± SD around the
mean) and low levels (< 1 SD below
the mean) of
state anxiety (F(2, 273)= 11.28, p<0.01,
Cohen’s d= 0.73).
Regression analysis:
The nonlinear relationship between
state anxiety and HbA1c revealed a
nonsignificant quadratic term.
Multivariate analysis:
Higher HbA1c values were
independently related to state anxiety
symptoms (p= 0.002), after adjusting
adolescent age, gender, ethnicity,
type 1 diabetes duration, mode of
insulin delivery, caregiver education
level, insurance status and marital
status, caregiver trait anxiety,
participation site, adolescent state
and trait anxiety and the comorbidity
index.

+

NA

NA

+

NS

+
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Table 3. Continued
First author (year)

Anxiety assessment (type,
measure)

Anxiety severity
(Mean ± SD)
% diagnosis (n) / % elevated
symptoms (n)

HbA1c assessment
(type)

Herzer et al. (2011)38

SRQ,
STAIC state anxiety score ≥ 1 SD
above the mean

At 6 months follow-up:
29.7 ± 4.8
11.6% (17)

Blood sample

Hilliard et al. (2009)87

SRQ,
MASC total score

39.1 ± 15.2
NR

Medical records

Hilliard et al. (2017)170

SRQ,
GAD-7 total score ≥ 10

5.9 ± 5.3
23.1% (109)

Self-report

Hilliard et al. (2011)80

SRQ,
STAIC state score ≥ sample mean
+ 1 SD

Baseline:
30.3 ± 5.2
Follow-up:
30.0 ± 5.0
NR

Medical records
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Direction of
statistically
significant
association*

Control
group

Statistical analysis & results 2
The severity and/or prevalence of anxiety in the
T1D group vs. the control group

Bivariate correlation:
Bivariate correlations between
anxiety symptoms at three
time-points and HbA1c at three
time-points were conducted. Baseline
state anxiety symptoms and HbA1c at
9 months (r= 0.17, p< 0.05) and
6-month anxiety scores were
correlated with HbA1c at 9-month
(r= 0.27, p< 0.000. All other
combinations were not significantly
associated.
Regression analysis
Adjusted for age, gender, ethnicity,
diabetes duration,
mode of insulin delivery, and BGM
frequency; caregiver
education level and marital status,
and family insurance
status 6-month anxiety symptoms
were significantly related to 9-month
HbA1c (β= 0.21, p= 0.01).

+

NA

NA

NA

NA

NA

NA

Pearson correlation:
Anxiety symptoms were significantly
correlated with HbA1c (r= 0.282, p<
0.01).
Logistic regression analysis:
Adjusted for age, sex, diabetes
duration, insulin regimen,
diabetes-related family conflict,
depressive symptoms and diabetes
related strengths, anxiety symptoms
were not significantly related to
higher odds of achieving in-target
HbA1c < 7.5%/58.0 mmol/mol (OR=
0.96, 95%CI= 0.48,1.95).

+

NA

NA

Baseline correlation:
At baseline, higher STAIC scores were
correlated with higher HbA1c
(r= 0.30, p<0.001).
Multivariate models:
Adjusted for age, gender, ethnicity,
diabetes duration, insulin delivery
method, caregiver marital status and
education level, insurance coverage
and CDI scores, baseline STAI scores
were significant predictors of later
HbA1c (β= 0.07, p= 0.037).
Adjusting for the same covariates,
dichotomized STAIC scores were
predictive of later HbA1c
(β= 0.42, p= 0.008).
Follow-up correlations:
At follow-up, higher STAIC state
scores were associated with higher
HbA1c (r= 0.25, p<0.01).

+

NA

NA

Chapter 2
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HbA1c

+

NS
+

NS

+

+

+
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Table 3. Continued
First author (year)

Anxiety assessment (type,
measure)

Anxiety severity
(Mean ± SD)
% diagnosis (n) / % elevated
symptoms (n)

HbA1c assessment
(type)

Howe et al. (2011)39

SRQ,
FACES pain rating scale score ≥4
for children under the age of 9
SRQ,
Perceptions of Insulin Shots and
Fingersticks survey total score ≥4
for children ≥ 9 years

Baseline fear of injections:
40.9% (9)
Baseline fear of fingersticks:
31.8% (7)
Follow-up fear of injections:
9.5% (2)
Follow-up fear of fingerstick:
9.5% (2)

Blood sample

Johnson et al. (2014)115

SRQ,
HADS-Anxiety score ≥8

5.60 ± 3.54
26.6%(25)

Medical records

Knight et al. (2015)41

SRQ,
SCARED-41 total score ≥ 25
SCARED-41 subscales:
Generalized anxiety
Panic/somatic symptoms
Separation anxiety
Social anxiety
School avoidance

NR
32%(16)
NR
8% (4)
14% (7)
10% (5)
16% (8)
4% (2)

Blood sample

Knychala et al. (2015)107

SRQ,
HADS Anxiety score ≥ 8

NR
29.7% (62)

Medical records

Kovacs et al. (1997)42

Interview,
ISCA

Prevalence during follow-up
time:
19.6% (18)

NA
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association*

Control
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Statistical analysis & results 2
The severity and/or prevalence of anxiety in the
T1D group vs. the control group

Spearman correlation:
No child self-reports of fear were
associated with HbA1c levels (p> 0.10).

NS

NA

NA

t-test:
HbA1c did not differ significantly
between those above and below
cut-off levels for anxiety (data not
shown).

NS

NA

NA

Logistic regression analysis:
HbA1c was not significantly associated
with the prevalence of anxiety (OR=
1.2, 95% confidence interval 0.9-1.5,
p= 0.14)

NS

NA

NA

Multiple logistic regression analysis:
Adjusted for gender, age-range, and
smoking, glycemic control was not
significantly associated with the
presence of anxiety symptoms.

NS

NR

NR

NA

NA

NA

NA

Chapter 2
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HbA1c
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Table 3. Continued
First author (year)

Anxiety assessment (type,
measure)

Anxiety severity
(Mean ± SD)
% diagnosis (n) / % elevated
symptoms (n)

HbA1c assessment
(type)

Kristensen et al. (2014)111

SRQ,
BAI-Y total score

11-17 year olds:
Moderately/highly elevated:
11.0% (72)

Blood sample and
medical records

Landolt et al. (2012)126

Interview,
Child PTSD Reaction
Index ≥ 24

T1 total sample:
13.10 ± 9.81
11.1% (30)
T1 diabetes sample:
9.05 ± 7.35
4.2% (3)
T2 total sample:
12.22 ± 8.71
10.2% (25)
T2 diabetes sample:
8.42 ± 6.21
1.6% (1)

NA
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HbA1c

Direction of
statistically
significant
association*

Control
group

Statistical analysis & results 2
The severity and/or prevalence of anxiety in the
T1D group vs. the control group

Correlation:
Anxiety symptoms were significantly
correlated with HbA1c (r= 0.08, p
<0.05).
Independent t-test:
The group with optimal control had
significantly lower scores on the BAI-Y
(7.20 ± 6.91) than the group with
suboptimal control (9.53 ± 8.50, p=
0.005, d= -0.3).

+

N= 1444
Normative
sample

11-14-year-old girls
In the normative sample, 11% (3) reported
moderately elevated scored, which was
significantly different than in the T1D group (Z=
-2.02, p= 0.04). The rate of highly elevated scores
in normative sample (5.1%, 14) was comparable
with the rate in the T1D group (Z= -0.76, p= 0.45).
11-14-year-old boys
Both the rates of moderately (10.2%, n= 30) and
highly elevated (5.8%, n= 17) scores in the
normative sample were comparable with the
rates reported in the T1D sample (Z= -1.55, p=
0.12 and Z= -1.35, p= 0.17, respectively).
15-16-year-old girls
Both the rates of moderately (13.3%, n= 17) and
highly elevated (7.0%, n= 9) scores in the
normative sample were comparable with the
rates reported in the T1D sample (Z= -1.36, p=
0.17 and Z= -0.75, p= 0.45, respectively).
15-16-year-old boys
Both the rates of moderately (13.5%, n= 14) and
highly elevated (6.8%, n= 6) scores in the
normative sample were comparable with the
rates reported in the T1D sample (Z= -0.18, p=
0.386and Z= -0.75, p= 0.45, respectively).
17-year-old girls
Both the rates of moderately (14.5%, n= 8) and
highly elevated (3.6%, n= 2) scores in the
normative sample were comparable with the
rates reported in the T1D sample (Z= -0.93, p=
0.35 and Z= -0.41, p= 0.68, respectively).
17-year-old boys
Both the rates of moderately (13.6%, n= 6) and
highly elevated (2.3%, n= 1) scores in the
normative sample were comparable with the
rates reported in the T1D sample (Z= -1.09, p=
0.28 and Z= -1.02, p= 0.31, respectively).

NA

NA

NA

NA

+
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Table 3. Continued
First author (year)

Anxiety assessment (type,
measure)

Anxiety severity
(Mean ± SD)
% diagnosis (n) / % elevated
symptoms (n)

HbA1c assessment
(type)

Liakopoulou et al. (2001)139

Interview,
K-SADS-P Anxiety, ObsessiveCompulsive

Anxiety:
34.5% (19)
Obsessive-compulsive:
12.7% (7)
Combined symptomatic anxiety,
depressive, and obsessivecompulsive symptoms:
58.2% (32)

Blood sample

Lopez et al. (2008)118

SRQ,
BSI Adolescent Anxiety subscale
t scores

T1D
53.35 ± 10.83

NA

McCarthy et al. (2002)50

PRQ,
PBS-50d Depression/Anxiety
subscale

NR

Medical records

Moussa et al. (2005)149

SRQ,
HSCL-25 anxiety scale

Mean NR
Median:
1.80 ± NR
NR

Blood sample

Mullins et al. (2005)178

SRQ,
STAIC-state score

47.7 ± 12.7

NA

Mutlu et al. (2015)148

SRQ,
SCARED total score

24.02 ± 11.10
NR

Endocrinologist

Nakazato et al. (2000)161

Interview,
SCID-P

NR
Panic disorder
12.5% (1)

Blood sample at study
entry and the average
level HbA1c value for a
consecutive 3-month
period during the past
year
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Direction of
statistically
significant
association*

Control
group

Statistical analysis & results 2
The severity and/or prevalence of anxiety in the
T1D group vs. the control group

Mann-Whitney U-test:
No significant
differences were found between
symptomatic and asymptomatic
children with regard to metabolic
control as expressed
by HbA1c values (Mann-Whitney U,
Z= 1.2, p= 0.24)

NS

n= 54
Children who
visited the
outpatient
pediatric clinic
for
minor physical
ailments (such
as bronchitis),
and their
mothers.

The prevalence of symptomatic anxiety in the
controls was 5.6% (n= 3). The prevalence of
symptomatic obsessive-compulsive symptoms
was 1.9% (n= 1).
The index group exhibited
significantly more psychopathology (χ2
(1) = 27.6,
p< 0.001) than the controls.

NA

NA

NA

NA

NA

NA

n= 110 siblings
n= 209
classmates

Matched t-tests
Children with T1D and their siblings did not
differ on Depression/Anxiety (p= 0.70)
Comparison with classmates NR.

Correlation:
HbA1c and anxiety symptom were
significantly correlated (r= 0.27, p=
0.001).

+

n= 409
children
without
diabetes from
the same
schools as the
diabetic
children

Median: 1.50 (children without diabetes) versus
1.80 (children with diabetes) p< 0.001.

NA

NA

NA

NA

Pearson’s correlation analysis:
Anxiety symptoms were not
significantly correlated with HbA1c (r=
0.26, p> 0.05).

NS

n= 55
Healthy
children in a
primary and
secondary
school near
the hospital.

The T1D-group reported more anxiety
symptoms than the healthy group (24.02 ± 11.10
vs. 19.29 ± 9.12, p= 0.02).

NA

NA

NA

NA
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Table 3. Continued
First author (year)

Anxiety assessment (type,
measure)

Anxiety severity
(Mean ± SD)
% diagnosis (n) / % elevated
symptoms (n)

HbA1c assessment
(type)

Nardi et al. (2008)141

SRQ,
YSR Withdrawn/depressed
subscale score, Anxious/
depressed subscale score and
Anxiety problems subscale score
PRQ,
CBCL Withdrawn/depressed
subscale score, Anxious/
depressed subscale score and
Anxiety subscale score

Self-reported Withdrawn/
depressed:
NR
Self-reported anxious/
depressed:
NR
Self-reported Anxiety problems:
NR
Proxy reported Withdrawn/
depressed:
NR
Self-reported anxious/
depressed:
NR
Proxy-reported Anxiety
problems:
NR

Blood sample within 1
month

Northam et al. (2005)167

Interview,
DICA-IV Anxiety disorders
(Obsessive Compulsive Disorder,
Generalized Anxiety Disorder,
Post-Traumatic Stress disorders,
Social Anxiety Disorder)

17% (7)

Medical record

Pisarić and Nišević (2011)131

SRQ,
CBCL, Anxious/Depressed scale

21.54 ± NR
NR

NR

Santos et al. (2013)109

SRQ
HADS-A total score

NR

Medical records

Shaban et al. (2006)117

SRQ.
HADS-A total score ≥8

6.4 ± 4.5
37.4% (102)

Medical records
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HbA1c

Direction of
statistically
significant
association*

Control
group

Statistical analysis & results 2
The severity and/or prevalence of anxiety in the
T1D group vs. the control group

6-10-year-olds:
There were no significant correlations
between psychosocial aspects and
HbA1c.
11-13-year-olds:
There were no significant correlations
between psychosocial aspects and
HbA1c.
14-18-year-olds:
Parent-reported withdrawn/
depressed problems was significantly
correlated with HbA1c
(r= 0.31, p< 0.05).
Correlation:
HbA1c was significantly correlated
with parent reported anxiety
problems (r= 0.35, p< 0.05).

NS

n= 70
Healthy age,
sex and
parental
economic
status
matched
controls.

6-10-year-olds:
No differences were reported between youth
with type 1 diabetes and healthy controls.
11-13-year-olds:
Youth with type 1 diabetes reported
psychological adjustment to be as good as that
of controls.
14-18-year-olds:
Self-reported scores on the withdrawn/
depressed subscale did not significantly differ
between the adolescents with type 1 diabetes
and the control group (details not reported).
Parents of adolescents with type 1 diabetes
reported higher scores for withdrawn/
depressed subscale (57.0 ± 10.0 vs. 54.0 ± 7.0, p=
0.016) than parents in the control group.

NA

NA

NA

NA

NR

NR

n= 31
Somatoform
Autonomic
Dysfunction
n= 31 healthy
peers

Somatoform Autonomic Dysfunction: 26.23
(mean and SD not reported)
Healthy peers: 19.74 (mean and SD not
reported)

Correlation:
Anxiety symptoms and HbA1c were
significantly correlated (r= 0.25, p=
0.022).
Multiple linear regression with HbA1c
as dependent variable, adjusting for
diabetes knowledge, resilience,
anxiety b= 0.07, p= 0.418. Partial
correlation= 0.09.

+

NA

NA

n= 1792

There was no difference between the group
with diabetes and the norm group without
diabetes in mean anxiety score (score of norm
group not reported; p= 0.31)
The prevalence of anxiety did not differ
between the group with diabetes and the norm
group (37.4% versus 33.6%, p= 0.22).

NS

+

+

NS

Correlation:
+
HbA1c was positively correlated with
anxiety symptoms (r= 0.20, p= 0.001)
+
Those reporting moderate to severe
levels of anxiety reported higher
HbA1c than those reporting none to
mild (HADS-A≥ 11 HbA1c 9.4%, HADS-A
< 8 HbA1c 8.5%, p< 0.001; type of
analysis not reported.
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Table 3. Continued
First author (year)

Anxiety assessment (type,
measure)

Anxiety severity
(Mean ± SD)
% diagnosis (n) / % elevated
symptoms (n)

HbA1c assessment
(type)

Sinnamon et al. (2012)168

SRQ,
PH-PANAS-C

NR
Anxiety:
37.7% (20)
Of which 20.7% (11) was full
syndrome anxiety, and 17% (9)
had subthreshold anxiety
Mixed anxiety-depression:
13.2% (7),
Of which 5.7% (3) was full
syndrome, and 7.5% (4)
subthreshold.

NA

Sivertsen et al. (2014)113

SRQ,
Five-item short form version of
the SCARED score

1.5 ± 1.8
NR

NA

Skinner and Hampson
(1998)119

SRQ,
WBQ anxiety scale subscale
score

5.16 ± 3.27
NR

NA

Skinner and Hampson
(2001)121

SRQ,
WBQ
Anxiety subscale score

Baseline:
4.99 ± 3.34
Follow-up:
5.29 ± 3.21
NR

Medical records

Storch et al. (2005)68

SRQ,
SASC-R total score
PRQ, CBCL
Anxious/Depressed subscale
score

35.52± 14.15

NA
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Statistical analysis & results 1
The relation between anxiety and
HbA1c

Direction of
statistically
significant
association*

Control
group

Statistical analysis & results 2
The severity and/or prevalence of anxiety in the
T1D group vs. the control group

NA

NA

n= 54
Control group
from “the
corresponding
general
population”
without
diabetes

Anxiety: 1.9% (1)
Of which 0% (0) was full syndrome anxiety and
1.9% (1) was subthreshold anxiety.
Prevalence of anxiety was higher in T1D,
compared to controls without diabetes (χ2=
19.619, p< 0.001).
Prevalence of full syndrome anxiety was higher
in the T1D than in the controls (χ2= 10.343,
p<0.001), and the prevalence of subthreshold
anxiety was significantly higher in the T1D than
in the control group (χ2= 5.551, p= 0.008).
Mixed anxiety-depression:
Mixed anxiety-depression was prevalent in 3.7%
(2) of which 3.7% (2) was full syndrome anxiety
and 0% (0) was subthreshold anxiety.
Prevalence of mixed anxiety-depression was
different for the total prevalence (χ2= 2.024, p=
0.093), full syndrome disorders (χ2= 0.000, p=
0.678), and subthreshold disorders (χ2= 2.396,
p= 0.057).

NA

NA

n= 9843

No significant difference in anxiety symptoms
severity when comparing T1D with controls (1.5
± 1.8 vs. 1. ± 1.8, p= 0.58, Cohen’s d= 0.11).

NA

NA

NA

NA

Bivariate correlation:
Anxiety at baseline and glycemic
control at follow-up were significantly
associated (r= -0.26, p= 0.05).
Regression analysis:
Anxiety was not independently
associated with glycemic control after
adjustment for gender,
socioeconomic status and diet.

+

NA

NA

NA

NA

NA

NA

NS
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Table 3. Continued
First author (year)

Anxiety assessment (type,
measure)

Anxiety severity
(Mean ± SD)
% diagnosis (n) / % elevated
symptoms (n)

HbA1c assessment
(type)

Sztein et al. (2016)69

Hospitalization ICD-9 primary or
secondary diagnostic code
indicative of depression, anxiety,
or bipolar disorder

NR

NA

Takii et al. (1999)163

Interview,
“Clinical diagnostic interview”
according to DSM-IV criteria

BN: 27.3% (6) anxiety disorder, of
which
Social Phobia= 4
Generalized anxiety disorder= 3
BED: 27.3% (3) mood disorder of
which
Social Phobia= 0
Generalized anxiety disorder= 3

Lab assessment (%),
within 30 days after
study enrollment

Vera et al. (1997) 138

Interview,
K-SADS-E

At least one anxiety disorder:
22.5% (9)
Simple phobia:
2.5%(1)
Separation anxiety disorder
7.5% (3)
Social phobia:
2.5%(1)
Overanxious disorder
22.5% (9)
Social anxiety scale
11.7 ± 5.2

Unspecified

SRQ,
SCS
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Direction of
statistically
significant
association*

Control
group

Statistical analysis & results 2
The severity and/or prevalence of anxiety in the
T1D group vs. the control group

NA

NA

Children
discharged
without type 1
diabetes
n not reported

Children discharged with type 1 diabetes were
3.5 times more likely to have a comorbid
anxiety, depression, or bipolar disorder
diagnosis than other hospitalized children (95%
CI, 3.42-3.59; p≤ 0.0001).
Children discharged with type 1 diabetes were
not more likely to have a comorbid depression
(but not anxiety or bipolar) diagnosis than other
hospitalized children (OR 4.17, 95% CI
4.05-4.30).
Children discharged with type 1 diabetes were
not more likely to have a comorbid bipolar (but
not anxiety or depression) diagnosis than other
hospitalized children (OR 2.46, 95% CI
2.35-2.57).

NR

NR

n= 32 controls
with T1D no
eating disorder

NR

Correlation:
There was no significant correlation
between metabolic control and social
anxiety (data not reported).

NS

n= 35
Age, race, sex
and
socioeconomic
status matched
controls

11.4% (n= 4) of the control group had at least
one anxiety disorder. There was no statistically
significant difference between the T1D group
and the control group.
The mean social anxiety score in the control
group was
10.2 ± 4.5 and did not significantly differ from
the T1D group (t-value = 0.882, p> 0.05).
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Table 3. Continued
First author (year)

Anxiety assessment (type,
measure)

Anxiety severity
(Mean ± SD)
% diagnosis (n) / % elevated
symptoms (n)

HbA1c assessment
(type)

Vila et al. (1995)135

Interview,
K-SADS-E

Generalized anxiety disorder
Obese T1D: 27% (4)
Non-Obese T1D: 8% (3)
Simple phobia
Obese T1D: 13% (2)
Non-Obese T1D: 5% (2)
Social phobia
Obese T1D: 7% (1)
Non-Obese T1D: 0% (0)
Avoidant disorder
Obese T1D: 7% (1)
Non-Obese T1D: 0% (0)
Separation anxiety disorder
Obese T1D: 13% (2)
Non-Obese T1D: 3% (1)
Total anxiety disorders
Obese T1D: 35% (5)
Non-Obese T1D: 15% (5)

Unspecified

Vila et al. (2004)137

PRQ,
CBCL Anxiety/Depressed scale
score

55.1 ± 6.4
NR

NA

Weglage et al. (2000)125

PRQ,
CBCL Withdrawn subscale score
PRQ,
CBCL Anxious/Depressed
subscale score

56.8 ± 7.2

Unclear

SRQ,
SCAS total score

18.61 ± 12.96
NR

Williams et al. (2014)169
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56.8 ± 7.1
NR

Medical records

Statistical analysis & results 1
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HbA1c

Direction of
statistically
significant
association*

Control
group

Statistical analysis & results 2
The severity and/or prevalence of anxiety in the
T1D group vs. the control group

NA

NA

Non-T1D, but
obese: n= 22
Non-T1D,
non-obese: n=
24

Generalized anxiety disorder
Non-T1D obese: 5% (1)
Non-T1D non-obese:
0% (0)
Simple phobia
Non-T1D obese: 5% (1)
Non-T1D non-obese:
0% (0)
Social phobia
Non-T1D obese: 14% (3)
Non-T1D non-obese:
0% (0)
Avoidant disorder
Non-T1D obese: 14% (3)
Non-T1D non-obese:
0% (0)
Separation anxiety disorder
Non-T1D obese: 27% (6)
Non-T1D non-obese:
4% (1)
Total anxiety disorders
Non-T1D obese: 36% (8)
Non-T1D non-obese:
4% (1)
Differences in total anxiety disorders was only
significant only between T1D and
obese girls without diabetes and normal girls
(p< 0.05).

NA

NA

NA

NA

Withdrawn subscale scores did not
statistically differ between the good
control group (56.0 ± 7.0) and the
poor control group (55.9 ± 6.9).
Anxious/Depressed subscale scores
did not statistically differ between the
good control group (56.2 ± 7.2) and
the poor control group (57.1 ± 7.1).

NS

NA

NS

n= 2900
Normative
sample from
technical
manual

NA

NA

NA

NA
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Table 3. Continued
First author (year)

Anxiety assessment (type,
measure)

Anxiety severity
(Mean ± SD)
% diagnosis (n) / % elevated
symptoms (n)

HbA1c assessment
(type)

Zheng et al. (2013)156

PRQ,
CBCL Withdrawn subscale score
PRQ,
CBCL Anxious/Depressed
subscale score

2.16 ± 1.35

Blood sample

2.18 ± 1.21
NR

* The direction of statistically significant associations is represented as + (positive association, meaning greater severity of
depression is related to higher HbA1c), NS (no significant association), - (negative association, meaning greater severity of
depression is related to lower HbA1c). Abbreviations: BAI-Y, Beck’s Anxiety Inventory- Youth; BASC, Behavior Assessment System
for Children; D-FISQ, Diabetes Fear of injecting and Self-testing Questionnaire; FI/FISC, Fear of injections/Fear of infusion site
change; FST, fear of self-testing; GAD-7, Generalized Anxiety Disorder-7; HADS(-A), Hospital Anxiety and Depression Scale (-Anxiety);
HSCL-25, Hopkins Symptom Checklist-25; ICD-9-CM, International Classification of Diseases – 9th Revision Clinical Modification;
ISCA, Interview Schedule for Children and Adolescents; K-CBCL, Korean Child Behavior Checklist; KSADS-PL, Kiddie
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The relation between anxiety and
HbA1c

Direction of
statistically
significant
association*

Control
group

Statistical analysis & results 2
The severity and/or prevalence of anxiety in the
T1D group vs. the control group

t-test:
Withdrawn score did not significantly
differ between the well-controlled
and the poorly-controlled group (2.00
± 1.36 vs. 2.53 ± 1.36, t= 1.226, p=
0.227)
Anxious/depression score did not
significantly differ between the
well-controlled and the poorlycontrolled group (2.18 ± 1.23 vs 2.27 ±
1.16, t= 0.222, p= 0.825).

NS

n= 53
Healthy
children

t-tests:
Anxiety/depression was significantly higher in
children with type 1 diabetes (2.18 ± 1.21) than
in healthy controls (1.45 ± 0.85,t= 3.474, p=
0.001). Withdrawn was also significantly higher
in the patient group vs the control group (2.16 ±
1.35 vs. 1.42 ± 0.91, t= 0.320, p= 0.002)
Compared with the control group, children with
well controlled T1D had higher anxiety/
depression (1.45 ± 0.45 vs. 2.18 ± 1.23
respectively, t= .063, p= 0.003).
Children with poorly controlled diabetes also
had significantly higher withdrawal (1.42 ± 0.91,
t= 3.750, p<0.001).
Children with poorly controlled T1D also had
significantly higher anxiety/depression than the
healthy controls (2.27 ± 1.16, t= 3.019, p= 0.004).

NS

Schedule for Affective Disorders and Schizophrenia for School-Age Children--Present and Lifetime Version; MCAS, Multidimensional
Anxiety Scale; NA, not applicable; PBS-50d, Pediatric Behavior Scale; PH-PANAS-CH, Physiological hyperarousal and positive and
negative affect schedule for children; PTSD, Post-Traumatic Stress Disorder; RCMAS, Revised Children’s Manifest Anxiety; SAS-A,
Social Anxiety Scale for Adolescents; SASC-R, Social Anxiety Scale for Children – Revised; SCARED(-41), Screen for Child AnxietyRelated Emotional Disorders; SCAS, Spence Children’s Anxiety Scale; SCID-P, structured clinical interview for DSM-III-R-Patient
Version; SCS, Self-Consciousness Scale; SRQ, self-report questionnaire; STAIC, State-Trait Anxiety Inventory for Children; T1D,
type 1 diabetes.
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• NA

• NA

• History of psychopathology
• Medical instability or visual, hearing or
cognitive impairment.

• None reported

•
•
•
•
• Late adolescents who were diagnosed with T1D
for at least one year
• Being 17-18 years old
• Enrolled in the last year of high school
• Living in their parental home
• Not planning to participate in a program or
activity that restricted daily contact with parents
during the study
• Speaking English as their primary language.
• Teens aged 10 to 14 years old
• Who had diabetes duration of ≥ 1 year
• Who were able to read and write in English or
Spanish
• Who were living with their participating mother.
• Teens aged 10 to 15 years old
• Who had diabetes duration of ≥ 1 year

Al Hayek et al. (2015)151

Baucom et al. (2015)17

Berg et al. (2009)18

Berg et al. (2007)19

• None reported

• NA

• NA

• Participants in the control group were selected
from school settings via random selection based
on age and gender match of patients.
• Children with diagnosed chronic medical illnesses
were not eligible to participate in the control
group.

• None reported

• Children with T1D

Akbaş et al. (2009)146

• None reported

• NA

• All patients previously diagnosed to have
any unrelated chronic illness were
excluded.

• Patients on regular follow-up aged 4 to 15 years
old with T1D
• Patients who were diagnosed at least 6 months
prior to the study.

Agrawal et al. (2016)152

Adolescents aged 13-18 years with T1D
Who had a diabetes duration of > 1 year
and had been followed-up for at least 12 months
Who did not have any other concomitant
chronic diseases.

• NA

• Presence of mental retardation
• Presence of co-morbid chronic diseases.

• Adolescents with T1D

Adal et al. (2015)145

Inclusion and exclusion criteria of controls

Exclusion criteria of T1D group

Inclusion criteria of T1D group

First author (year)

Table 4. Inclusion and exclusion criteria for participation of all included studies.
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• NA
• NA

• NA
• NA

• Received medical care for diabetes at
other hospitals.
• None reported

• None reported
• None reported

• Patients aged 17 to 19 years old
• Living in the catchment area of Mannheim and
the Rhein-Neckar region.
• Individuals aged between 8-18 years old
• Diagnosed with T1D.
• Teens aged 10 to 14 years old
• Who had diabetes duration of ≥ 1 year
• Who were able to read and write in English or
Spanish
• Who were living with their participating mother.
• Children aged 10 -15 and their mothers
• Who had diabetes duration of ≥ 1 year
•
•
•
•

Patients aged ≥ 8 years
Diabetes duration ≥ 1 year
At least 3 HbA1c measurements per year
Lack of significant coexisting diseases (asthma,
celiac disease, juvenile rheumatoid arthritis,
cystic fibrosis, previous diagnosis of mental
retardation, severe congenital malformations or
chromosomal disorders).
• All examinations needed to be performed during
hospital visits because of time and supervision
required for some of the tests.
• Patients aged 8 to 18 years old
• Duration of diabetes at least 1 year
• Lack of coexisting diseases necessitating
additional medical treatment or rehabilitation

Blanz et al. (1993)123

Boo et al. (2015)157

Butler et al. (2011)91

Butler et al. (2007)89

Butwicka et al. (2012)128

Butwicka et al. (2016)129

• None reported

NA

Chapter 2

• Individuals that were 18 years old
• Participating in an epidemiological study
assessing psychiatric disorders in children and
adolescents.

• NA

• None reported

• Young people diagnosed with T1D as defined by
the ADA
• Aged between 11 – 25 years old
• Able to read and understand English
• Parents of minors had to be able available to
give informed consent in either English or
Spanish.

Bernstein et al. (2013)20

• None reported

Inclusion and exclusion criteria of controls

Exclusion criteria of T1D group

Inclusion criteria of T1D group

First author (year)
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• Diabetes duration < 6 months
• Not receiving insulin due to the
honeymoon period.

• Aged 6 to 17 years
• Current patient at the Helen DeVos Children’s
Hospital Endocrinology and Diabetes Clinic
• Diagnosed with T1D by glutamic acid
decarboxylase-65 or ICA-512 antibody positivity
• Initiation of insulin therapy at least 6 months
prior to enrollment
• Currently receiving insulin via MDI or CSII
• Parent/primary caregiver present at the time of
enrollment
• Parent/primary caregiver (and participants if age
≥ 11 years) English speaking and
developmentally able to read and/or
understand the questionnaire.

Cemeroglu et al. (2015)22

• NA

• Coexisting primary medical diseases.

• Lack of fluency in English
• Developmental delay
• A diagnosis of type 1 diabetes <6 months
before the study or a diagnosis of type 2
diabetes.
• Lack of fluency in English
• Developmental delay
• Diagnosis < 6 months prior to the start of
the study
• Diagnosis of T2D.

• Adolescents aged 11 through 18
• Diagnosis of T1D
• Availability of an English-speaking mother.
• Girls with T1D
• Aged 9-14 years old at baseline and 14–18 years
of age at year 5 follow-up
• Receiving comprehensive care at Hospital for
Sick Children.
• Girls with T1D
• 9–13 years of age.

Clayton et al. (2013)23

Colton et al. (2013)24

Colton et al. (2007)92

• NA

• NA

• Children without diabetes
• With comparable age and sex.

• None reported

• Children between 6 and 17 years old with T1D.

NA

Inclusion and exclusion criteria of controls

Cho et al. (2013)158

If antibody negative or antibody test results at the
time of diagnosis were unavailable, one of the
following criteria must be met:
• Fasting glucose level ≥ 126 mg/dL
• 2-hour oral glucose tolerance test glucose level ≥
200 mg/dl
• Glycated hemoglobin (HbA1c) ≥ 6.5%; or
• Random glucose > 200 mg/dL with symptoms.

Exclusion criteria of T1D group

Inclusion criteria of T1D group

First author (year)

Table 4. continued
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• NA

• NA

• NA

• NA
• NA

• Children with similar age and socio-demographic
status
• Exclusion criteria for the control group included
the presence of physical and/or psychological
chronic diseases and chronic use of drugs.

• None reported

• None reported

• Being unable to understand or complete
the questionnaire

• Youth who did not understand the Dutch
language.
• None reported

• Presence of any other chronic diseases
(asthma, celiac disease, juvenile
rheumatoid arthritis, cystic fibrosis, severe
congenital malformations, chromosomal
or psychiatric/neurocognitive disorders)
• The exclusion criteria for the mothers were
as follows:
Providing care for an elderly or chronically ill
individual and/or taking care of another
child younger than 2 years of age; having a
chronic health condition (physical and/or
psychological).

•
•
•
•
• Youth with diabetes aged < 20 years old
• Who self-identified as Navajo
• and had at least one visit in the preceding 3
years to an eligible health care facility.
• Children (aged 10-14) with diabetes attending
Camp Utada and living within a 100-mile radius
of Salt Lake City,
• or clinic participants living a 100-mile radius of
Salt Lake City.
• Youth with T1D aged 9 to 19 years old.
• Participants were aged 13 to 18 years old
• Competent in English
• Diagnosed with T1D more than 6 months from
the date of participation.
• Patients aged 8-17 years old
• that also had dealt with diabetes for more than
one year.

Cote et al. (2003)26

Dabelea et al. (2009)93

Daviss et al. (1995)27

De Wit et al. (2011)132

Di Battista et al. (2009)28

Duru et al. (2016)147

Chapter 2

• NA

• None reported

• Adolescents with type 1 diabetes ages 13-17
years old presenting for routine clinic visits
• Developmentally appropriate
• Literate in English.

Corathers et al. (2013) 25

Children with T1D
Aged 8-18 years old
Illness duration greater than 1 year
No comorbid chronic health conditions.

Inclusion and exclusion criteria of controls

Exclusion criteria of T1D group

Inclusion criteria of T1D group

First author (year)
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• Age 11 – 18 years old
• A duration of diabetes of at least 6 months
• Able to complete the questionnaires unaided
• Patients aged 5-18 years
• With discharge dates between 1 October 2001
and 1 July 2003
• Primary ICD-9 diagnosis of Diabetes (250.xx) at
discharge.
•
•
•
•
• English-Speaking patients aged 8-14 years old
• No other health problem than T1D
• School grade appropriate to age within 1 year.
• Youth who had no other health problem other
than T1D
• In school grade appropriate to age within one
year
• Managed with home blood glucose monitoring.

• Adolescents that had duration of T1D for at least 6 • None reported
months
• No other major health problems
• Able to speak and read English
• Aged 10-16 years old.

Edgar et al. (2003)114

Garrison et al. (2005)30

Grey et al. (1994)94

Grey et al. (1995)31

Grey et al. (1991)86

Gruhn et al. (2016)32

English-speaking patients aged 8-16 years old
No other health problem
School grade appropriate to age within 1 year
Managed with home blood glucose monitoring.

• NA

• None reported

• Study patients had to be at least 14 years old
• Availability of a “significant other” to act as
informant: the spouse if the individual was
married and the mother if the individual lived
with his/her mother.

Eaton et al. (1992)29

• Aged 8-14 years old
• No previous or existing chronic health problem
• School grade appropriate to age within 1 year.
• NA

• None reported

• None reported

• NA

• Aged 8-16 years old
• No previous or existing chronic health problem
• School grade appropriate to age within 1 year.

• NA

• None reported

• None reported

• NA

• Controls were randomly selected from the
background population, matched by their sex and
date of birth.

• Children who had been diagnosed with a
psychiatric disorder prior to diagnosis of
T1D
• Children and adolescents not living in
Denmark at the time of T1D diagnosis.

• Children born in Denmark who had been
diagnosed with T1D before the age of 18 years
and during the period 1996-2013.

Dybdal et al. (2018)110

• Learning disability
• Concurrent second chronic illness.

Inclusion and exclusion criteria of controls

Exclusion criteria of T1D group

Inclusion criteria of T1D group

First author (year)
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• T1D for a minimum of 6 months
• 8-19 years old
• Able to read and speak Mandarin.
• Those registered to the National Diabetes
Services Scheme aged 10–19 years
• And have access to subsidized multidisciplinary
diabetes care through public hospital–based
services or private practitioners
• Eligible for MILES-Youth study (T1D and
completed core survey items)
• Eligible for the current study when adolescents
were aged 13-19 with a completed full survey.
•
•
•
•

•
•
•
•

Guo et al. (2015) 159

Hagger et al. (2017)165

Hanna et al. (2014)34
Extracted from Hanna et al.
(2013)195

Hanna et al. (2014b)35

17 to 19 years of age,
diagnosed with T1D,
able to speak and read English,
in the last 6 months of high school and living
with an adult considered by participants to be
their parent or guardian.

17 to 19 years of age,
diagnosed with T1D
able to speak and read English
in the last 6 months of high school and living
with an adult considered by participants to be
their parent or guardian.

• T1D for a minimum of 6 months
• 8-19 years old
• Able to read and speak Mandarin.

Guo et al. (2013) 164

• NA

• If they had a diagnosis of a serious
psychiatric disorder or a second chronic
illness that would interfere with becoming
independent as judged by their healthcare
provider.

• NA

• Aged <10 or >19 years old
• Not type 1 diabetes
• Core survey items from MILES-Youth
survey not complete
• Missing items on the PAID-T.

• NA

• NA

• None reported

• If they had a diagnosis of a serious
psychiatric disorder or a second chronic
illness that would interfere with becoming
independent as judged by their healthcare
provider.

• NA

• NA

Chapter 2

Inclusion and exclusion criteria of controls

• T2D
• Serious complications associated with
diabetes, or untreated attention-deficit
hyperactivity disorder (as evidenced by a
diagnosis recorded in the patient’s chart
by a physician).

• Chronic diseases other than T1D, with the
• Adolescents with T1D according to the ADA
practice guidelines
exception of celiac disease of
• Aged 13-18 years old
hypothyroidism
• Receiving treatment for diabetes in a tertiary care • The inability to read or understand English
setting.
• Diagnosis of either a major psychiatric
disorder or a significant developmental
delay.

Guilfoyle et al. (2011)33

Exclusion criteria of T1D group

Inclusion criteria of T1D group

First author (year)
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•
•
•
•
•
•
•
•
• Diagnosis of type 1 diabetes according to the
practice guidelines of the American Diabetes
Association (ADA)
• And were receiving care from a multidisciplinary
team at one of two pediatric diabetes centers
(Northeastern and .Midwestern clinical sites)

Helgeson et al. (2009b)8

Helgeson et al. (2007)95

Herzer et al. (2010)37

Adolescents in 5-7th grade aged 11-13 years old
Who were attending Children’s hospital
Who had been diagnosed ≥ 1 year
Who did not have another major chronic illness

Adolescents in 5-7th grade aged 11-13 years old
Who were attending Children’s hospital
Who had been diagnosed > 1 year
Who did not have another major chronic illness

• Adolescents aged 13- 16 years old who have had
• T1D for at least one year
• And who could not have another major chronic
illness
• And had to live within a one-hour drive from
Children’s hospital

Helgeson et al. (2009)106

• NA

• Adolescents in grades 5-7 and having no major
chronic illness.

• NA

• None reported

• None reported

• Presence of a major psychiatric or
neurocognitive disorder that would inhibit
ability to participate
• A significant medical disease other than
type 1 diabetes, treated thyroid disorders,
or celiac disease;
• Or the inability to read or understand
English.

• NA

• NA

• If they had T2D
• If they could not give assent
• Presence of a previous diagnosis of mental
retardation, genetic disorder, or learning
disability
• Inability to read and/or write

• Children with T1D aged 8 to 17 years and their
parents or legal guardians
• if they had had T1D for 6 months or longer, with
at least 1 positive islet cell antibody, insulin
autoantibody, or antibody to glutamic acid
decarboxylase
• and if they were either English- or Spanishspeaking, and the presence of a legal guardian
was required

Hassan et al. (2006)36

• None reported

• NA

• None reported

• Patients who were at least 12 years old and were
diagnosed at least 6 months before the study

Hapunda et al. (2017)144

Inclusion and exclusion criteria of controls

Exclusion criteria of T1D group

Inclusion criteria of T1D group

First author (year)
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• NA

• NA

• Presence of a major psychiatric or
neurocognitive disorder, or a medical
disease other than treated thyroid or
celiac disease
• Present participation in a psychosocial
intervention
• Inability to read or understand English
• None reported

• Children with T1D
• Adolescents aged 10 to 18 years old diagnosed
with T1D according to the ADA clinical practice
guidelines receiving care at a tertiary diabetes
clinic.

• Participants in the SEARCH study who were aged
≥ 10 at time of the baseline visit
• Who completed at least one follow-up visit.
• None reported

Hoff et al. (2005)81

Hood (2009)82

Hood et al. (2014)83

Hood et al. (2006)84

• None reported

• NA

Chapter 2

• NA

• None reported

• Adolescents between the ages of 13 and 18
years old with type 1 diabetes
• Fluent in English Language.

Hilliard et al. (2013)96

• NA

• Adolescents between the ages of 13 and 18
• Who had a diagnosis of type 1 diabetes
according to ADA criteria
• Who were fluent in English.

Hilliard et al. (2011)80

• Presence of a severe psychiatric,
neurocognitive, or other serious chronic
medical condition.

• NA

• None reported

• Youth with type 1 diabetes participating in MILES
Youth aged 13-19 years old
• Whose type 1 diabetes was diagnosed for at
least 1 year
• Who completed the measure of diabetes-related
strength.

Hilliard et al. (2017)170

• NA

• NS

• None reported

•
•
•
•

Hilliard et al. (2009)87

• Presence of a severe psychiatric,
neurocognitive, or other serious chronic
medical condition that would make
participation difficult.

• NA

• Major psychiatric disorders
• Or neurocognitive disorder
• Or a medical disease other than thyroid
disease or celiac disease

• Adolescents aged 13-18 years diagnosed with
type 1 diabetes receiving care at a pediatric
tertiary care clinic.

Herzer et al. (2011)38

Children aged between 8 and 17 years
Illness duration of at least 1 year
Transition to the insulin pump planned
Fluency in English.

Inclusion and exclusion criteria of controls

Exclusion criteria of T1D group

Inclusion criteria of T1D group

First author (year)
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• Adolescents aged 13 to 18 years old diagnosed
with T1D receiving care at a tertiary diabetes
clinic.
• Children who were hospitalized for newly
diagnosed T1D.

Hood et al. (2011)85

Howe et al. (2011)39

Ingerski et al. (2010)98

• Adolescents between the ages of 10–16 years
old
• Who were able to speak and read English
• and had been diagnosed with T1D for at least
six months.

Jaser et al. (2017)79

• NA

• Adolescents between the ages of 10–16 years
• Who were able to speak and read English
• and had been diagnosed with T1D for at least 6
months.

Jaser et al. (2014)78

• None reported

• NA

• None reported

• Children aged 10 to 16 years old
• If they had no major health problems other than
T1D; had been diagnosed for at least 6 months
• Who were currently living with their mothers
• Who were age-appropriate for their grade within
1 year
• And were able to speak and read English

Jaser et al. (2010)40

• NA

• NA

• The presence of a major psychiatric or
neurocognitive disorder that would inhibit
their ability to participate
• A significant medical disease other than
T1D, treated thyroid disorders, or celiac
disease
• Or the inability to read or understand
English
• Excluded from analysis were adolescents
with a diabetes duration less than one
year.

• All adolescents were diagnosed with T1D
according to the American Diabetes Association
practice guidelines
• And receiving care from a multidisciplinary team
at one of two pediatric diabetes centers
(Northeastern and Midwestern clinical sites).

• None reported

• NA

• None reported

• NA

• NA

• None reported

• SEARCH participants if they were part of the
2001 (prevalent) or 2002–2004 (incident) cohorts
• and completed the study visit.

Hood et al. (2012)97

• Presence of a major psychiatric or
neurocognitive disorder, or a medial
disease other than thyroid or celiac
disease.

Inclusion and exclusion criteria of controls

Exclusion criteria of T1D group

Inclusion criteria of T1D group

First author (year)
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• NA

• NA

• NA

• NA

• NA

• Children with known mental disorders, on
psychopharmacological medications or
psychotherapy

• None reported

• Age <8 years
• Limited English proficiency
• Cognitive or communication deficit
precluding questionnaire completion
• Current steroid use
• Systemic lupus erythematosus (SLE) or
mixed connective tissue disease (MCTD)
diagnosis
Schizophrenia
Bipolar disorder
Heart, liver, or kidney failure
Cognitive deficit
Or other diseases that could impair the
data interpretation.

•
•
•
•
•

• Symptoms of depression or dysthymia

•
•
•
•

• Patients with T1D who are on regular follow up
at the Diabetes Clinic in Alexandria University
Children’s Hospital, Egypt
• Youth with T1D as documented in the medical
chart

• Diagnosis of T1D according to ADA criteria
• Age of 14 to 40 years
• Consent to participate

• Children who were 10 through 15 years of age
• And had been diagnosed with type 1 diabetes
for at least one year
• Lived with their mother
• And were able to speak, read and write English
• And free of documented serious medical or
psychiatric conditions that would interfere with
study completion

Khan et al. (2014)155

Khater et al. (2017)143

Knight et al. (2015)41

Knychala et al. (2015)107

Korbel et al. (2007)88

Children from both genders
7-15 years of age with T1D
and on insulin therapy for at least one year
with no other systemic illness or long-term
diabetic complications were included

• NA

• English language difficulties
• Special educational needs
• Life-limiting conditions

• All patients with T1D (16–21 years)
• diagnosed at least 6 months previously

Johnson et al. (2014)115

Chapter 2

Inclusion and exclusion criteria of controls

Exclusion criteria of T1D group

Inclusion criteria of T1D group

First author (year)
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• NA

• NA

• NA

• NA

• The same demographic inclusionary criteria
• but free of major systemic medical disorder

• No requirement of insulin for > 3 months
• Strong family history with mild to
moderate hyperglycemia and not
requiring insulin
• Diagnosis of young T2D or maturity onset
diabetes of young (MODY)
• Presence of another systemic medical
disorder
• Evidence of mental retardation

• Presence of another systemic medical
disorder
• Evidence of mental retardation
• Presence of another systemic medical
disorder
• Evidence of mental retardation.
• Presence of another systemic medical
disorder
• Evidence of mental retardation

• Families who were registered as either
unwilling to participate in scientific
research
• Had a protected address
• Or were no longer residing at the address
registered in the Danish Civil Registration
System, from which all participant
addresses were collected.

• Children and adolescents who were insulin
requiring and ketosis prone diabetic patients
• And those with history of diabetic ketoacidosis/
undetectable fasting C-peptide levels

• Newly diagnosed with classic, acute-onset type
1 diabetes
• 8 to 13 years of age
• And living with parents or guardians within
commuting distance of greater Pittsburgh
• 8-13 years old newly type 1 diagnosed youth
• and living with parents or guardians within
commuting distance of the Greater Pittsburgh
area.
• Newly diagnosed with classic, acute-onset T1D
• 8 to 13 years of age
• And living with parents or guardians within
commuting distance of greater Pittsburgh.
• Newly diagnosed with classic, acute-onset T1D
• 8 to 13 years of age
• And living with parents or guardians within
commuting distance of greater Pittsburgh
• Who developed major depressive disorder in the
course of the study.
• Families with a child/adolescent with diabetes
aged 4–17 years.

Kota et al. (2012)153

Kovacs et al. (1997)42

Kovacs et al. (1995)99

Kovacs et al. (1996)76

Kovacs et al. (1997b)77

Kristensen et al. (2014)111

• NA

Inclusion and exclusion criteria of controls

Exclusion criteria of T1D group

Inclusion criteria of T1D group

First author (year)
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• NA

• NA

• None reported

• None reported

• None reported
•
•
•
•

• Pediatric hospitalization of at least 24 hours
• New diagnosis of cancer, T1D or occurrence of
an accident-related injury except severe head
injury
• Age between 6.5 and 14.5 years
• Fluency in German
• No previous evidence of mental retardation
• Hospitalization of at least 24 hours
• New diagnosis of cancer or type 1 diabetes
mellitus or occurrence of an unintentional injury
(excluding severe head injury)
• Age 6.5– 16 years
• Fluency in German
• No previous evidence of intellectual
developmental delay
• Youth in the SEARCH for Diabetes in Youth study
• Participants in the SEARCH study ≥ 5 years old
• ≥ 10 years old and completed the CES-D

Landolt et al. (2003)130

Landolt et al. (2012)126

Lawrence et al. (2006)45

Lawrence et al. (2012)100

• NA

Chapter 2

• NA

• Youngster with a duration of diabetes < 1
year
• Youngster receiving psychological
treatment
• Youngsters who reported an unusual high
level of stress
• or a recent physical illness that could
disrupt metabolic control

• Youngster between the ages 12-18

La Greca et al. (1995)44

Not having T1D
Not taking insulin
Not having HbA1c measurements
Or having diabetes duration <12 months

• NA

• None reported

• Between the ages of 10 and 16 with a diabetes
duration of at least 1 year
• Free of psychiatric diagnoses and psychotropic
medication
• Of at least normal intelligence
• And willing to give informed consent to
participation in the study and have parental
consent to do so.

Kuttner et al. (1989)43

• NA

Inclusion and exclusion criteria of controls

Exclusion criteria of T1D group

Inclusion criteria of T1D group

First author (year)
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• NA

• Children who visited the outpatient pediatric
clinic for minor physical ailments (such as
bronchitis) and their mother.
• Healthy people not suffering from any acute or
chronic disease or other disabilities matched for
age and sex
• NA

• Randomly selected patients without T1D, aged
5–18 years, from the 2000 Longitudinal Health
Insurance Research Database (LHID 2000) from
2000 to 2007.

• NA

• Adolescents without T1D or another medical or
psychiatric condition
• matched for school level, age, and gender to the
group of adolescents with T1D
• recruited from five secondary schools in the same
geographic regions where the adolescents with
T1D lived in The Netherlands

• None reported

• None reported

• None reported

• Evidenced mental retardation or comorbid
chronic illnesses
• Patients who had already applied for a
T1Dcatastrophic illness certificate
between January 1, 1995, and December
31, 1999.
• Patients who had been diagnosed as
having depression between January 1,
1996, and December 31, 1999.

• Pregnancy, blindness, or severe functional
limitations due to cancer or other medical
conditions.
• None reported

• Adolescents aged 12-19 years old
• With type 1 diabetes of at least 3-year duration
• Who were attending the outpatients clinics of
the Royal Alexandra Hospital for Children
• Children with T1D attending the diabetic clinic,
randomly (every fourth child) included in the
study.
• None reported

• Adolescents diagnosed with one of two
childhood chronic illnesses including T1D or
asthma, and their parents
• Female children and adolescents
• Aged 5-18
• With T1D diagnosed between 2000-2007,
identified from the catastrophic illness data
file of the NHIRD. A diagnosis of type 1 diabetes
was identified from the catastrophic illness data
file based on the International Classification of
Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) code 250.x1 or 250.x3, from 2000 to
2007.
• Adolescents aged 13-18 years old who has been
clinically diagnosed with T1D
•
•
•
•

Leung et al. (1997)166

Liakopoulou et al. (2001)139

Liamou et al. (1994)140

Lopez et al. (2008)118

Lu et al. (2016)160

Lu et al. (2015)46

Maas- van Schaaijk et al. (2012)133

Adolescents aged between 12 and 18 years
who were in secondary school,
Had diabetes for at least 6 months,
and did not have comorbid medical or
psychiatric conditions

Inclusion and exclusion criteria of controls

Exclusion criteria of T1D group

Inclusion criteria of T1D group

First author (year)
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•
•
•
•
• Aged 15 years or older
• Included in the FinDM II database, based on the
Finnish Prescription Register, the Special
Reimbursement Register, the Finnish Care
Register, the cause of death register, and the
medical birth register
• Insulin-treated, based ATC codes showing
continuous insulin usage and no purchases of
medication intended to increase pancreatic
insulin secretion (sulphonylureas, sitagliptin/
vildagliptin, repaglinide nateglinide, exenatide).

Manarte et al. (2015)142

Manderbacka et al. (2011)112

People aged 16 years old or higher
With T1D
Who gave informed consent
And spoke Portuguese.

• Adolescents who were diagnosed with type 1
diabetes for at least 1 year, who
• Spoke English as their primary language,
• Were in their last year of high school,
• Lived with a parent,
• Could have regular contact With parents across
2 years,
• And had no condition to prohibit study
completion.

Main et al. (2015)48

• Included in national population statistics

• Gestational diabetes only

Chapter 2

NA

• HbA1c records older than 3 months or
non-existent

• NA

• NA

• None reported

• Adolescents with type 1 diabetes mellitus aged
between 10 and 15 years old
• If they had been diagnosed with diabetes for at
least 1 year
• Who self-identified as either Caucasian or
Latino, and could read and speak English or
Spanish
• For each adolescent, one mother figure was
allowed to participate. Adolescents were
required to be living with their participating
mother >50% of the time. Stepmothers or
adopted mothers were eligible if they had lived
with the adolescent for at least 1 year.

Main et al. (2014)47

• None reported

Inclusion and exclusion criteria of controls

Exclusion criteria of T1D group

Inclusion criteria of T1D group

First author (year)
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• NA

• Sibling control group; sibling without diabetes,
within 4 yrs of age, who had also taken the ITBS/
ITED
• Classmate control group: anonymous classmate
using data from the first year that the child with
diabetes took the ITBS, matched on gender, age,
and similarity in ITBS scores at that time, being
from the same grade and school.
• NA

• NA

• NA

• Controls were matched on year of birth, sex and
general practice, with up to two control subjects
who did not have a diagnosis code for any type of
diabetes.

• None reported

• Other chronic health conditions.

• Psychiatric comorbidities
• Coexisting disorders effecting weight or
metabolism
• Presence of a majors psychiatric or
neurocognitive disorder;
• An additional medical disease other than
treated thyroid disorders or celiac disease.
• The inability to read or understand
English.
• Presence of a major psychiatric/
neurocognitive disorder that would inhibit
ability to participate,
• The inability to read or understand English
• Individuals with other forms of diabetes,
such as T2D, secondary diabetes or
gestational diabetes
• Or with a record of oral antidiabetic drug
use for more than 1.5 years
• None reported
• None reported

• Aged 8-17 years old
• T1D ≥1 year
• Receiving intensive insulin therapy (insulin
pump or MDI ≥ 3x/day)
• T1D for ≥ 1 year
• Typically treated with conventional therapy of 2
shots per day
• Aged 8-18 years old
• Had taken the Iowa Tests of Basic Skills (ITBS)
and the Iowa Tests of Educational Development
(ITED) in the past 2 years.
• Youths ages 10-17 years
• At diagnosis or at initiation of pump therapy
• Adolescents (ages 13-18) receiving care at a
pediatric diabetes clinic.
• Diagnosis of T1D according to practice
guidelines of the American Diabetes Association
(ADA).
• Adolescents with T1D

• Incident cases of patients with diabetes was
identified during 1988–2010 as anyone with a
diagnosis of T1D under 35 years of age and who
was receiving insulin prescriptions
• Children aged 6-18 with T1D
• Consecutive children between ages 7-12 with
T1D in routine follow-up

Markowitz et al. (2015)49

McCarthy et al. (2002)50

McGill et al. (2018)51

McGrady et al. (2010)101

McGrady et al. (2009)73

Morgan et al. (2014)116

Moussa et al. (2005)149

Mullins et al. (1995)52

• NA

• Healthy children without diabetes were selected
from the same classes of diabetic children.

Inclusion and exclusion criteria of controls

Exclusion criteria of T1D group

Inclusion criteria of T1D group

First author (year)
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• NA

• None reported
• None reported

• Age 6-18 years old
• Diabetes duration of at least one year.
• Young adults aged 17.5 to 25 years old
• Who had not developed complications
associated with diabetes that required medical
treatment or were debilitating
• Were not taking psychotropic medication
• Could read and write English
• Required at least 40 units of insulin per day
• Had been diagnosed with diabetes for at least
two years.
• Member of cohort of children with type 1
diabetes recruited at diagnosis and followed
prospectively
• Aged 11-18 years old
• Followed-up at Royal Children’s Hospital
•
•
•
•
At enrollment:
• Age 10-14 years old
• Having T1D ≥ 1 year
• Living with mother
• Able to read and write English/Spanish
For present study:
• Complete data on father’s and mother’s
knowledge at time 4 (2 years after enrollment).

Nardi et al. (2008)141

Niemcryk et al. (1990)53

Northam et al. (2005)167

Olmsted et al. (2008)21

Osborn et al. (2013)54

Girls
Having T1D
Aged 9-13 years old
Having at least one follow-up assessment

• Healthy children chosen at random from different
schools in Bologna

• None reported

• Type 1 diabetes patients (WHO)
• Diagnosed with psychiatric disorders

Nakazato et al. (2000)161

• None reported

• NA

• NA

•
•
•
•

Lack of fluency in English
Developmental delay
Diagnosis T1D < 6 months before baseline
Disturbed eating behavior at baseline

• NA

• Follow-up care arranged at regional center
and no further contact with Royal
Children’s Hospital was anticipated
• English not spoken in family
• Premorbid condition affecting the central
nervous system

• NA

Chapter 2

• Healthy children and their parents from a primary
and secondary school near the hospital
• Aged 8-12 years old
• Who came to school with their parents on
selection day

• Any other disease affecting the PA level
• Diabetes diagnosis known to be non-type
1
• Severe social deprivation
• Reading problems

• Age 8-12 years old at recruitment
• Diabetes duration > 1 year

Mutlu et al (2015)148

Inclusion and exclusion criteria of controls

Exclusion criteria of T1D group

Inclusion criteria of T1D group

First author (year)
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150
• Control group not used for comparison of interest

• NA

• Healthy adolescents were pupils attending
primary and secondary schools in Novi Sad.
• NA

• Psychiatric, cognitive, genetic or
neurological conditions that could impact
sleep disordered breathing or
participation
• Unstable medical conditions affecting
weight (e.g., gastrointestinal or adrenal
disorder),
• A severe psychiatric illness that would
significantly affect the individual’s ability
to follow the T1D treatment regimen (e.g.,
psychotic disorder),
• A disorder that affects metabolism,
• And if female, pregnancy.
• Documented genetic syndrome.

• None reported
• None reported

• Youth aged 10-16 years
• Having type 1 diabetes

• Youth with T1D who were on a multiple daily
injection (basal bolus) regimen and evaluated
within 10 days of initiation of insulin pump
therapy.
• Availability of an eligible caregiver (person with
whom the child/adolescent spends at least 50%
of their time and had responsibility for
overseeing T1D management).
• Consecutive patients aged 5 to 30 years,
• diagnosed with T1D
• and followed up in the Juvenile Diabetes Clinic,
Maccabi Health Care Services, Raanana, Israel,
• with availability of HbA1c measurements.
• Youth with T1D
• Aged 12 to 16 years old.
• People with T1D
• Below the age of 25 years old
• Registered in the German diabetes register.
• Adolescents with T1D who attended a diabetes
clinic in a northwest suburban Chicago hospital.

Perfect et al. (2012)56

Peterson et al. (2018)57

Pinhas-Hamiel et al. (2015)150

Pisarić and Nišević (2011)131

Plener et al. (2015)124

Potts et al. (2015)58

• Co-morbid clinical health conditions, such
as asthma, anemia, vascular disease,
kidney disease, chronic tiredness,
depression, psychiatric history, or obesity.

• In last semester of high school
• Originally recruited from area malls and
physicians’ offices from the same geographic
region.

• None reported

• In last semester of high school
• Participant in previous study about transition to
adolescence
• Originally recruited from local Children’s
Hospital.

Palladino et al. (2013)55

• NA

• NA

Inclusion and exclusion criteria of controls

Exclusion criteria of T1D group

Inclusion criteria of T1D group

First author (year)
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• T1D, defined by clinical parameters suggestive
of absolute insulin deficiency
• Aged 16-60 years old
• Duration ≥ 1 year

• Visual or hearing impairments.

• Mental disorders
• Visual or hearing disabilities.

• NA

• NA

Chapter 2

NR

• >60 years old.

• Youth with T1D

Schoenherr et al. (1992)63

Shaban et al. (2006)

• NA

• None reported

• Adolescent or young adult
• Diagnosed with T1D
• Long-term diabetes, according to ADA criteria

Santos et al. (2015)108

117

• Adolescent or young adult
• Diagnosed with T1D
• Long-term diabetes, according to ADA criteria

Santos et al. (2013)109

• NA

• None reported

• Youngsters being treated at the Comprehensive
Juvenile Diabetes Mellitus Health Care Program
at the Department of Pediatrics at UMDNJRobert Wood Johnson Medical School in central
New Jersey.

Rothbaum et al. (1992)62

• NA

• None reported

• Fluency in English
• No known diagnosis of a pervasive
developmental disorder, intellectual disability,
or psychosis.

Reynolds et al. (2014)61

• NA

• Adolescents ages between 10 and 14 years old
• Able to read & write either English or Spanish at
the 4th grade level
• Diagnosed with T1D for at least one year.

Rassart et al. (2017)60

• None reported

• Children and adolescents with T1D aged 6-18
years old under follow-up at the e Pediatric
Endocrinology Clinic
• Diabetes duration of at least 6 months.

Puri et al. (2013)154
• NA

• NA

• None reported

• Patients with T1D
• Aged 12 and older
• Who had received at least 1 diabetes or general
health care visit in the previous 2 years at an
urban health care system and were identified
through a query of the health system’s electronic
medical record.

Powers et al. (2017)59

• None reported

Inclusion and exclusion criteria of controls

Exclusion criteria of T1D group

Inclusion criteria of T1D group

First author (year)
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152
• NA

• Children aged 7-18 years old from the
corresponding general population.
• All adolescents (aged 16-19) born in 1993 and
1995 and all student attending secondary
education in spring 2012.

• None reported

• Past mental histories based on parent
report or current symptoms of depression
and/or eating disorders
• Developmental delay or psychosis.
• None reported
• None reported

• < 19 years old
• Managed at a participating Pediatric Diabetes
Consortium center within 3 months of diagnosis.
• Girls with T1D aged 13 to 18 years old.

• Children aged 7-18 years old with T1D.
• All adolescents (aged 16-19) born in 1993 and
1995 and all student attending secondary
education in spring 2012
• And T1D based on open ended questions
concerning medication use coded using
Anatomical Therapeutic Chemicals-subgroup
A10a (insulins and analogues).
• Patients being 12-18 years of age
• A diagnosis of diabetes of at least 6 months
• and being able to complete the questionnaire
unaided.
• Age 12-18 years old
• Diagnosis of T1D of at least 1-year duration
• And ability to complete the questionnaire
unaided.
• Aged 12-18 years old
• Diagnosis of T1D of at least 9 months
• Ability to complete questionnaires unaided.
• Age 11-18 years
• Diagnosis of T1D
• Availability of an English-speaking primary
caretaker (usually the mother).
• Age 11-15 years old
• Diagnosis of T1D
• Availability of an English-speaking primary
caretaker (usually the mother).

Silverstein et al. (2015)64

Sim et al. (2009)65

Sinnamon et al. (2012)168

Sivertsen et al. (2014)113

Skinner and Hampson (1998) 119

Skinner and Hampson (2001)121

Skinner et al. (2000)122

Stewart et al. (2005)66

Stewart et al. (2011)67

Exclusion criteria:
• History of chronic illness

Inclusion criteria:
• Age 11-15 years old
• Availability of English-speaking parents

• Coexisting primary medical diseases

• NA

• None reported

• NA

• NA

• None reported

• Coexisting primary medical diseases

• NA

• None reported

• Girls aged 13 to 18 years old without Past mental
histories based on parent report or current
symptoms of depression and/or eating disorders,
developmental delay or psychosis.

Inclusion and exclusion criteria of controls

Exclusion criteria of T1D group

Inclusion criteria of T1D group

First author (year)
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• NA
• Children aged 0-20
• All non-newborn hospitalizations from the 2009
Kids’ Inpatient Database.
• Females with type 1 diabetes, aged 15-35, without
eating disorders, regularly visiting the Diabetes
Center at Tokyo Women’s Medical College.
• NA

• None reported
• None reported
• None reported

• None reported

• None reported

• None reported
• None reported
• Children aged 0-20
• Hospitalizations for T1D as indicated by primary
or secondary ICD-9 diagnostic code.
• People with T1D who had been diagnosed for at
least 1 year
• And were referred for binge-eating.
• Females diagnosed with type 1 diabetes for at
least 1 year
• Binge eating for at least 6 months defined
according to the DSM-IV diagnostic criteria for
bulimia nervosa: 1) the consumption of a large
amount of food, 2) loss of control over eating at
the time, and 3) bingeing at least twice a week
for 3 months. A large amount of food was
defined as the consumption of ≥ 500 calories at
one sitting, not as part of a regular meal or for its
nutritional value.
• Adolescents and young adults with a diagnosis
of T1D as confirmed via medical record review
• Age 13 to 21 years
• English literacy
• And willingness and ability to provide valid
informed assent/consent.

Storch et al. (2004)102

Storch et al. (2005)68

Sztein et al. (2016)69

Takii et al. (1999)163

Takii et al. (2002)162

Tercyak et al. (2005)70

• None reported

• NA

• Coexisting primary medical diseases

• Age 11-18 years old
• Diagnosis of diabetes more than 1 year prior
• Adequate English skills to respond to survey
instruments
• Availability of primary caretaker.

Stewart et al. (2009)104

Chapter 2

• During the same time period healthy control
participants were included if they were free of
diabetes and other major forms of chronic illness
confirmed via medical record review
• Aged 13-21 years old
• English literacy
• Willingness and ability to provide assent/consent.

• NA

Inclusion and exclusion criteria of controls

Exclusion criteria of T1D group

Inclusion criteria of T1D group

First author (year)
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154
• NA

• NA
• NA

• None reported

• None reported
• None reported
• BMI greater than +2 z-scores
• None reported

• Adolescents 10-15 years of age if they had been
diagnosed with diabetes for at least 1 year
• Self-identified as non-Latino-white or Latino
• And could read and speak English or Spanish.
• For each adolescent, one
mother who lived with the adolescent at least 50%
of the time was recruited. Stepmothers or
adopted mothers were eligible if they had lived
with the adolescent for at least 1 year.
• Children diagnosed with T1D
• Aged 8-15 years old
• Not suffering another physical or pervasive
developmental disorder
• Parent and child had to be Dutch-speaking.
• Diabetic adolescent girls aged from 13 to 19
years old
• Diagnosed with T1D at least 1 year prior to
testing.
• Children with T1D older than 7 years old.
• Girls aged 13-19 years
• Treated with insulin and no other medication.
• Children with T1D aged 5 to 18 years old.
• German patients with T1D matched on age, sex,
and socioeconomic status to the
phenylketonuria group.

Tucker et al. (2018)103

Van Gampelaere et al. (2018)134

Vera et al. (1997)138

Vila et al. (1999)136

Vila et al. (1995)135

Vila et al. (2004)137

Weglage et al. (2000)125

• None reported

• Girls without diabetes

• NA

• Age, race, sex, and socioeconomic status matched
girls from high schools in and around Paris.

• NA

• NA

• None reported

• Adolescents who were between 10-14 years of
age
• Able to read and write either English or Spanish
at the 4th grade level
• And had diabetes for at least one year.

Tran et al. (2012)71

• None reported

Inclusion and exclusion criteria of controls

Exclusion criteria of T1D group

Inclusion criteria of T1D group

First author (year)

Table 4. continued

CHAPTER 2

• NA
• NA

• NA

• NA

• None reported
• A major psychiatric or neurocognitive
disorder that would limit the child or
adolescent’s ability to complete the
surveys (e.g. cognitive impairment),
• Significant medical disease other than
T1D or treated thyroid disorders or coeliac
disease,
• Or present participation in a psychosocial
intervention study.
• Inability to understand spoken and written
English
• Or the presence of a major psychiatric,
neurocognitive, or serious chronic medical
condition that would interfere with
participations. Adolescents with other
chronic medical conditions, with the
exception of well-controlled thyroid or
celiac disease were excluded.
• None reported

• None reported
• All participants had T1D diagnosed according to
the ADA guidelines and were 10-17 years old.
• If more than one parent or guarding
accompanied the child or adolescent to their
clinic visit, data were collected on the “primary
caregiver” as designated by the family.

• Adolescents between 13 and 18 years old
diagnosed with T1D according to the ADA
guidelines.
• All participants used basal-bolus therapy,
delivered either through MDI or an insulin pump
• Received similar diabetes education
• And had a similar number of regular visits.

• Adult insulin-dependent diabetic patients
admitted to the Oxford group of hospital,
primarily because their diabetes was out of
control.
• And age, sex and duration of diabetes matched
T1D patients attending outpatient clinics at the
same time, who had not been admitted to the
hospital because of diabetes during the precious
six months.

Williams et al. (2014)169

Williams et al. (2009)74

Wong et al. (2015)75

Wrigley et al. (1991)120
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• NA

• None reported

Originally:
• Youth aged 10 to 15 years old
• Who had been diagnosed with diabetes longer
than 1 year
• And lived with their mothers.

Wiebe et al. (2011)90

Additional for the present study:
• Mother-adolescent dyads who returned signed
informed consent/assent forms and follow-up
questionnaires.

Inclusion and exclusion criteria of controls

Exclusion criteria of T1D group

Inclusion criteria of T1D group

First author (year)
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• NA

• NA

• Not initiating pump therapy
• Having a co-occurring untreated chronic
illness affecting weight (e.g.
gastrointestinal r adrenal disorder)
• Severe psychiatric illness (e.g. Bipolar
disorder)
• And pregnancy.
• Children with T2D
• Or with mental dysfunction
• Or genetic disorders.

• Being between the ages of 10 and 17
• Either with a new diagnosis of T1D or individuals
with T1D who were beginning pump therapy
• And the participation of an eligible caregiver
(person with whom the child/adolescent spends
at least 50% of his or her time and had
responsibility for overseeing diabetes
management.
• Type 1 diabetic children between 11 and 18
years old receiving care from a multidisciplinary
team
• at least one positive test for islet antibody,
tyrosine phosphatase IA2 autoantibody or
antibody to glutamic acid decarboxylase were
treated for T1D for a minimum of 1 year.
• Children with T1D treated at the Zheijang
University children’s hospital from 2003-2008.

Young-Hyman et al. (2016)

Zdunczyk et al. (2014)127

Zheng et al. (2013)156

Abbreviations: ADA, American Diabetes Association; CES-D, Center of Epidemiological Studies-Depression; CSII, Continuous subcutaneous Insulin Infusion; DSM-IV, Diagnostic and statistical
manual of mental disorders-IV; ICD-9, International Classification of Diseases – 9th Revision; MDI, multiple daily injections; NA, not applicable; PAID-T, Problem Areas in Diabetes- Teens, T1D, type
1 diabetes mellitus; T2D, type 2 diabetes mellitus.

• Healthy children with similar age and gender.

• NA

• None reported

• Young people with T1D according to the ADA
standards
• With no psychiatric or neurocognitive disorder
hindering study participations
• Or no medical disease other than T1D
• Controlled thyroid disorders and celiac disease
were not exclusionary criteria given their
common co-occurrence with T1D.

Wu et al. (2013)72

• Children aged less than 6 years with other
illnesses (hypothyroidism,
hyperthyroidism, nephrosis, congenital
heart disease, and extremity disability)
and family histories of psychosis.

Inclusion and exclusion criteria of controls

Exclusion criteria of T1D group

Inclusion criteria of T1D group

First author (year)
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Supplementary Table 1. Search terms
Search terms
Adolescents

Juvenile* OR adolescen* OR pubert* OR youth* OR young* OR child* OR pediatric* OR paediatric*
MeSH: ‘Child’ OR ‘adolescent’

Type 1 diabetes

“diabetes mellitus type 1”OR “type 1 diabetes” OR “Diabetes mellitus type I”OR “type I diabetes” OR
“diabetes type 1” OR “diabetes type I” Or “Insulin dependent diabetes” OR “insulin-dependent
diabetes” OR “juvenile diabetes” OR “juvenile- onset diabetes” OR “juvenile onset diabetes” OR “IDDM”
MESH: “Diabetes mellitus, type 1”

Depression

Depress* OR mood* OR dysphor*
MeSH: “Depression” OR “Depressive Disorder, major” OR “Mood disorders”

Anxiety

Anx* or Fear* OR Worr*
MeSh: “Anxiety” OR “Anxiety Disorders” OR “Fear”

Query

1 AND 2 AND (3 OR 4)

Date restriction

1990/01/01 to 2018/01/01
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A BSTRACT
Background
Type 1 diabetes (T1D) is a chronic metabolic condition requiring intensive daily self-care to
avoid both high and low blood glucose levels. Self-care and glycemic outcomes are particularly
problematic in adolescence, a period known for its increased risk of emotional problems.
However, the true scope of mood and anxiety disorders in adolescents with T1D is unknown.
Earlier studies are limited by a small sample size, lack of diagnostic interview data, a focus on
depression only, non-adolescent specific estimates, lack of information about parental
emotional problems and/or a cross-sectional design. Diabetes LEAP is a two-year prospective
observational cohort study examining (a) the prevalence and course of depression and anxiety
in adolescents with T1D and their parents/caregivers, (b) the risk factors predicting the presence
of these emotional problems, (c) their longitudinal relation with diabetes outcomes, and (d)
the psychosocial care currently in place.
Methods
Adolescents (12-18 years) from 8 Dutch pediatric diabetes clinics are interviewed using the
DISC-IV to establish the presence of mood and anxiety disorders in the previous four weeks, the
previous 12 months, and lifetime. They also complete questionnaires, including CDI-2, GAD-7,
and PAID-T. Parents/caregivers complete PHQ-9, GAD-7, and PAID-PR. Follow-up assessments
take place after one and two years.
Discussion
This longitudinal study with diagnostic interviews in a large cohort of adolescents with T1D in
the Netherlands will provide much needed information regarding the prevalence and course
of depression and anxiety in this group, thereby opening avenues for proper recognition,
prevention and timely treatment.
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Type 1 diabetes is an increasingly common and serious health problem
Type 1 diabetes (T1D) is among the most common chronic conditions in childhood, affecting
more than one million children and adolescents worldwide and approximately 6,000 young
people in the Netherlands.1,2 It has been predicted that the number of young people with T1D
will continue to increase.3,4 Having to deal with T1D can be challenging, not only for the children
themselves but also for their families.5 The Diabetes Control and Complications Trial has shown
the importance of optimal management of blood glucose levels in the prevention of
complications,6 but this can only be achieved with complex daily self-management. This
includes blood glucose monitoring and injecting insulin multiple times a day or using an insulin
pump, while taking into account factors such as carbohydrate intake and physical activity.
Need for improved care and reduced psychosocial burden
Despite recent advancements in insulin-delivery and glucose-measurement technologies,
glycemic outcomes remain suboptimal for the majority of young people with T1D, with less
than one third achieving the international pediatric HbA1c target (<7.5%/ 58 mmol/mol).7 This
will be even less when using the new target for children and adolescents of the International
Society for Pediatric and Adolescent Diabetes (<7%/ 53 mmol/mol).8 It is well known that
psychosocial problems are an important barrier for further improvements in diabetes care.5
Psychosocial difficulties may interfere with the complex self-care activities and motivation of
young people and their family, seriously impair diabetes management, and contribute to
suboptimal glycemic outcomes.5 In turn, suboptimal HbA1c with concomitant high and
fluctuating glucose values may impact psychosocial functioning. Thus, proper identification,
diagnosis, and treatment of psychosocial issues and barriers are required to improve the
diabetes care outcomes of young people with T1D. This is especially relevant for adolescents,
as this group is particularly at risk for suboptimal glycemic outcomes.9,10 Reasons include
hormonal changes, a mismatch between fully developed motor skills and ongoing cognitive
maturity, conflicts between diabetes care and developmental tasks, as well as an increased
vulnerability for the onset or worsening of emotional problems.11-13
The exact scope of mood and anxiety disorders in adolescents with T1D is unknown
Having to manage a demanding and rather unpredictable condition such as T1D can lead to
significant distress, including feelings of depression and anger, worries about complications,
and negative social interactions.14 Young people with T1D also seem to have a 1.5 to 2 times
increased risk of psychiatric conditions, including mood and anxiety disorders, compared to
children without diabetes.15 However, the exact size of the problem in adolescents is still unclear,
as the available studies have several important methodological limitations. Most importantly,
the majority of studies have relied on self-report questionnaires to assess symptoms of
depression and anxiety, e.g. 16-18, rather than using a structured diagnostic interview to determine
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the presence of a psychiatric disorder. Much of what self-report scales assess appears to be
(subclinical) diabetes-specific emotional distress rather than psychopathology,19 The few studies
that have used the diagnostic interview included less than 100 participants, did not distinguish
between depression and anxiety, combined data from adolescents with data from children or
young adults, or were conducted twenty years ago when diabetes treatment options were
considerably different.20-25 A recent Polish study among 207 children aged 8-18 years found that
4% had a current mood disorder and 16% had a current anxiety disorder.26 However, this study
might not be representative of the adolescent T1D population at large, as it excluded young
people with significant co-existing diseases and did not distinguish estimates for children and
adolescents separately.27
Information about the course of mood or anxiety disorders (and related care decisions)
is scarce
As the majority of previous studies used a cross-sectional design, information with respect to
the course of mood or anxiety disorders in adolescents with T1D is also scarce. Early data from
small scale studies suggest that up to half of all young people with T1D will be confronted with
a psychiatric disorder (for example a mood, anxiety, eating, or conduct disorder) at least once
while growing up.20,21 Major depression appeared to be the most prevalent disorder, affecting
approximately 28% of 92 American youth ten years after the diagnosis of diabetes.21 In addition,
almost one fifth of this sample developed an anxiety disorder.21 As a last limitation, studies that
have determined the presence of a mood and/or anxiety disorder have not systematically
assessed the care decisions that were subsequently taken. A high quality study is needed,
establishing the prevalence and course of mood and anxiety disorders in a large cohort of
adolescents with T1D, including their link with diabetes-specific distress, as well as a description
of the treatment and follow-up that is provided.
Parental factors might be a very important, yet understudied topic
Caring for an adolescent with T1D is challenging, e.g. due to differences in views on diabetes
management and goals, and poses parents and caregivers at additional risk for emotional
distress. 28,29 Approximately 20-30% of parents of children with T1D report clinically significant
distress, defined as life or parenting stress, anxiety or depression.29 In the general population,
parental emotional problems have been associated with increased risk of internalizing problems
(such as anxiety or depression) in children.30-32 In the context of T1D, parental emotional
problems may not only have a direct negative effect on child mental health, but may also worsen
diabetes management and glycemic outcomes.29,33 A continued level of parental involvement
in diabetes care, adjusted to and stimulating the child’s self-efficacy beliefs, is one of the factors
for successful diabetes outcomes in adolescence.34-37 Emotional problems of parents may
negatively interfere with their availability in diabetes care, either by under- or over
involvement.38-41 Even though parental emotional distress is common and has been associated
with child distress and impaired diabetes management,21,22,29 it is infrequently included in (large)
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studies of children with T1D. Furthermore, longitudinal data on the course of these problems
are currently lacking and emotional distress of parents/caregivers is not included as a standard
risk factor in studies examining emotional problems in children with T1D.

Aim and design
Diabetes LEAP (Longitudinal study of Emotional problems in Adolescents with type 1 diabetes
and their Parents) was designed as a two-year prospective study to determine the true scope
of depression and anxiety in a large cohort of adolescents with T1D (12-18 years) and their
parents/caregivers. Its aims are to:
1. Establish the prevalence and course of mood and anxiety disorders among adolescents with
T1D and of elevated symptoms of depression and anxiety in parents/caregivers.
2. Describe treatment and follow-up, once the pediatrician has been informed of the presence
of a mood or anxiety disorder.
3. Identify demographic, clinical and psychological risk factors associated with the occurrence
of emotional problems in this group.
4. Examine the longitudinal relations of these problems with diabetes outcomes.
Participants and procedure
Eligible adolescents with type 1 diabetes (12-18 years) and the parent/caregiver primarily
involved in diabetes care are approached for participation. Exclusion criteria are diabetes
duration of < 6 months, insufficient mastery of the Dutch language, moderate to severe
intellectual disability, or severe psychosocial circumstances interfering with participation, all
based on medical records and pediatricians’ judgement. Participants are recruited from 8
pediatric diabetes clinics across the Netherlands, including the Diabeter clinics (locations:
Deventer, Groningen, Rotterdam, Schiphol, Veldhoven), Albert Schweitzer hospital Dordrecht,
Meander Medical Center Amersfoort, and Diabetes Centraal (St. Antonius hospital) Utrecht.
Eligible families receive an information package about study participation, asking them to read
the materials before their next usual care visit. During this visit, the pediatrician discusses the
study with the adolescent and both of his/her parents. Families who agree to participate complete
written informed consent. Adolescents can participate (with consent from parents/caregivers),
even if the parent/caregiver him-/herself does want to participate. The parent/caregiver cannot
participate if the adolescent declines. At a subsequent visit, the adolescent undergoes a structured
diagnostic interview to assess the presence and history of mood and anxiety disorders. During
the same visit, he/she completes a questionnaire regarding (potential risk factors for) emotional
problems. Parents/caregivers answer similar questionnaires, either at home or in the clinic.
Pediatricians of the research team then report the presence of disorders to the adolescent’s
pediatrician, who later completes a questionnaire about the course of action that is taken.
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For both adolescents and parents/caregivers, follow-up assessments take place after one and
two years. Participants who miss the time window for the one-year follow-up due to frequent
rescheduling are considered as participants in the two-year follow-up with a missing one-year
follow-up assessment. Participants who decline participation in the one- year follow-up are
asked if they may be approached for the two-year follow-up. Assessments are preferably
conducted face-to-face; if it is not possible to schedule a visit, interviews are held over the phone
or via Skype.
The study protocol has been approved by the Medical Ethics Committee of the Máxima Medical
Center (NL48232.015.14) The first participant was included on 14-1-2015; recruitment and followup assessments are ongoing.
Assessment of depression and anxiety in adolescents
At baseline and one and two year follow-up, the Dutch version of the Diagnostic Interview
Schedule for Children (DISC-IV)42 is used to establish the presence of mood and anxiety disorders
in adolescents in the previous four weeks, in the previous year and during lifetime. The DISC-IV
is a fully-structured diagnostic interview that can be used by trained lay interviewers to assess
mental disorders based on the definitions of the Diagnostic and Statistical Manual for Mental
Disorders Fourth edition (DSM-IV). Only the relevant modules of the DISC-IV are conducted. The
introductory module assesses sociodemographic characteristics and includes the construction
of timelines of the previous year and the whole life based on life-events. Module A (anxiety
disorders) includes questions about social phobia, separation anxiety, specific phobia, panic,
agoraphobia, generalized anxiety, selective mutism, obsessive-compulsive behavior and posttraumatic stress. We added questions assessing fear of hypoglycemia. Module C (mood
disorders) contains questions about major depression, dysthymia, and (hypo)mania. At baseline,
module L (Whole Life) is also conducted to assess lifetime prevalence of mood and anxiety
disorders.
When emotional problems are established as being present in the previous four weeks of
assessment, we examine the course of these problems at follow-up. Based on the timeline
constructed in the introductory module, adolescents are asked to report periods of remission
and/or recurrence if applicable.
At all measurement occasions, adolescents complete the Children’s Depression Inventory 2
(CDI-2) and the Generalized Anxiety Disorder 7-item scale (GAD-7) which assess the self-reported
severity of depression and anxiety symptoms during the previous two weeks.43-45 As an
additional indicator of mood problems in the adolescent, the parent report version of the
Children’s Depression Inventory 2 is used.43
Assessments of depression and anxiety in parents
At all three measurement occasions, parents/caregivers complete the Patient Health
Questionnaire 9-item scale (PHQ-9) and Generalized Anxiety Disorder 7-item scale (GAD-7) to
measure the severity of depression and anxiety symptoms in the previous two weeks.44,46 Both
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Assessment of treatment for depression and anxiety
In the case of a positive screening result, the pediatricians of the research team are notified and
inform the doctor caring for the adolescent in question. The description of treatment and
follow-up (once the pediatrician has been informed of the presence of a mood or anxiety
disorder) include:
- Reason(s) for not making a referral, e.g. watchful waiting, current treatment, self-reported
need for (additional) care, decisions/preferences of adolescent and his/her family, previous
treatment
- Institution/health care provider to which a referral is made, waiting list period, treatment
provided, decisions/preferences of adolescent and his/her family.
Assessment of other psychosocial and behavioral constructs
The Problem Areas in Diabetes Scale teen version (PAID-T) is used to assess diabetes-specific
emotional distress in adolescents, which concerns negative emotions specifically related to
living with diabetes and its self-management.47 For parents, the Problem Areas in Diabetes Scale
parent revised version (PAID-PR) is used.48 Both adolescents and parents provide their perception
of psychosocial problems during the previous six months (Strengths and Difficulties
Questionnaire, SDQ,),49,50 following of diabetes care recommendations in the preceding month
(Adherence in Diabetes Questionnaire, ADQ,),51 and responsibility for different aspects of
diabetes care (Diabetes Family Responsibility Questionnaire, DFRQ,).52
Sociodemographic and clinical data
Medical records provide information regarding the adolescent’s gender, age, most recent weight
and height, age at diabetes diagnosis, diabetes duration, physical/psychiatric comorbidities,
insulin treatment modality (multiple daily self-injections or continuous subcutaneous insulin
infusion), lifetime HbA1c (i.e. composite of all HbA1c values during treatment in the diabetes
clinic), the mean HbA1c in the past year and most recent HbA1c, glucose measurements and
variability around the time of assessment (subsample only), diabetes-related hospitalisations,
severe hypoglycemic events, and occurrence of diabetic ketoacidosis. Furthermore, the number
of clinic visits, the number of other contacts (e.g. e-mail messages), cancelled visits, and no
shows are extracted from medical records. Adolescents self-report their current educational
level as part of the DISC-IV and physical/psychiatric comorbidities by completing a questionnaire.
The questionnaire for parents includes items about their own gender, age, ethnic background,
education, employment status, marital status, family socio-economic status, family composition,
relation to the adolescent (e.g. biological parent, guardian), adolescent life-events, adolescent
physical/psychiatric comorbidities, own history of mood/anxiety disorders, and current
psychiatric problems in the family.
An overview of the measures included in Diabetes LEAP is provided in Table 1.
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Table 1. Concepts and instruments used in Diabetes LEAP
Construct

Instrument

Baseline 1 year

2 year

Adolescent
4-week (current) mood/anxiety disorder

DISC-IV

x

x

x

1-year history mood/anxiety disorder

DISC-IV

x

x

x

Lifetime history mood/anxiety disorder

DISC-IV

x

Severity of depressive symptoms

CDI-2

x

x

x

Severity of anxiety symptoms

GAD-7

x

x

x

Diabetes-specific distress

PAID-T

x

x

x

Psychosocial problems

SDQ

x

x

x

Following diabetes-care recommendations

ADQ self-report

x

x

x

Responsibility diabetes care

DFRQ self-report

x

x

x

Care provided mood/anxiety disorder

Medical record, doctor

x

x

x

Gender, age, weight, height

Medical record

x

Highest educational level

Medical record, self-report

x

x

x

Diabetes duration, age at diagnosis

Medical record

x

Lifetime HbA1c

Medical record

x

Past year and most recent HbA1c

Medical record

x

x

x

Glucose measurements/variability (subgroup)

Medical record

x

x

x

Physical/psychiatric co-morbidities

Medical record, self- & parent-report

x

x

x

Life-events

DISC-IV, parent-report

x

x

x

Insulin treatment modality

Medical record

x

x

x

Diabetes-related hospitalisations, severe hypoglycemic
events, occurrence of diabetes ketoacidose

Medical record

x

x

x

Past year number of visits, other contacts, cancelled
visits, no shows

Medical record

x

x

x

Parents/caregivers
Elevated depressive symptoms

PHQ-9 ≥10

x

x

x

Elevated anxiety symptoms

GAD-7 ≥10

x

x

x

Diabetes-specific distress

PAID-PR

x

x

x

Adolescent depressive symptoms

CDI-2 parent-report

x

x

x

Psychosocial problems

SDQ parent-report

x

x

x

Following diabetes-care recommendations

ADQ parent-report

x

x

x

Responsibility diabetes care

DFRQ parent-report

x

x

x

Adolescent life-events

Parent-report

x

x

x

Gender, age, ethnic background, education,
employment status, partner

Self-report

x

x

x

Socio-economic status family

Self-report, medical record

x

x

x

Primary diabetes caregiver

Self-report, doctor

x

x

x

Relation to child, description family

Self-report

x

x

x

Current and history mood/anxiety disorder

Self-report

x

x

x

Current psychiatric problems in family

Parent-report

x

x

x
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Data handling and storage
The handling of personal data complies with the Dutch Personal Data Protection Act. Families
are assigned a unique study number (unique successive numbers, starting with 11001). This
number is used as the subject identification code in the anonymous study data file. The file
containing the link between research codes and specific families is saved on a secure server
and is only be accessed by people conducting the assessments. Psychology students assisting
in the data collection sign a research contract, based on the Dutch Personal Data Protection
Act. The anonymized data set is saved on a secure server. Data will be stored at this server for
at least 15 years after the end of the study, in accordance with Tilburg University regulations.
Statistical analyses
Unless otherwise specified, statistical analyses will be performed using IBM SPSS Statistics v24,
with significance level p<0.05. The prevalence and course of emotional problems in adolescents
with type 1 diabetes and their parents/caregivers is established using descriptive statistics based
on the sample at hand. Other analyses depend on the specific research questions and will be
reported in the papers concerned; these include regression analyses, longitudinal data analysis,
and structural equation modelling. Taking into account statistical restrictions, 53 non-response
and loss to follow-up, we have to approach all families from all participating centers who meet
the inclusion criteria and none of the exclusion criteria (n=831).54

D I SCUSS I O N
The proposed prospective observational study will provide a much needed indication of the
prevalence, course, risk factors and clinical impact of emotional problems among adolescents
with type 1 diabetes and their parents/caregivers, thereby opening avenues for proper
recognition, prevention and timely treatment. This may alleviate stress on scarce health care
resources, making way for policy adjustments and re-allocation of funds. Diabetes LEAP will
also shed more light on the current trajectories of psychological care after detection of
emotional problems. A better understanding of the decision-making process will facilitate
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Ethical considerations
Informed consent is sought for (1) informing the pediatrician of study results in the case of a
positive screen, (2) extracting clinical information from the medical record, and (3) using the
data anonymously for scientific publications. The code of conduct issued by the national Central
Committee on Research Involving Human Subjects (CCMO) relating to expressions of objection
by minors participating in medical research is followed, as drafted by the Paediatric Association
of The Netherlands (NVK). Adolescents are invited to enter a draw to win a tablet computer at
each assessment round. Study visits are combined with usual care visits where possible; extra
travel expenses are reimbursed.
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development and adjustments towards optimal care. By disentangling psychopathology and
subclinical diabetes-specific distress, we also hope to assist policy makers in obtaining a better
match between the problems at hand and mental health professionals and interventions.
Diabetes LEAP will also provide an important contribution to the scientific literature, allowing
comparisons with data from other countries and sharing of lessons learned.
Some potential limitations must also be acknowledged. Recruitment and preservation of
participants in research is often challenging, and even more so in the case of adolescents and
sensitive topics.55 Following previous recommendations to increase the response rate and
reduce attrition, e.g. 56, we selected a research team with knowledge about diabetes and child
psychology, involve paediatricians in the recruitment procedure, collaborate closely with site
personnel, and offer proportional incentives for participation to families. To ensure sufficient
power to conduct the longitudinal analyses, recruitment takes place in 8 paediatric diabetes
clinics. However, sampling bias may occur if families experiencing emotional problems shy
away from participation. Also, individuals who do not experience any problems might not feel
inclined to participate. In an effort to minimize the risk of sampling bias and maximize the
external validity of study results, the information package emphasized that participation in
research is voluntary and that every adolescent/parent contribution is a valuable addition to
the study. In order to limit attrition and support sustained commitment, we send participating
families regular updates through clinic newsletters.
The data from this study will include results from psychiatric diagnostic interviews in a large
cohort of adolescents with T1D in the Netherlands. We expect that it will further strengthen the
scientific literature in this area, as we aim to provide much needed information regarding the
scope of depression and anxiety in this group. This will hopefully contribute to better recognition,
prevention and treatment of these problems and more optimal pediatric diabetes care.
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CHAPTER 4

A BSTRACT
Objective
To determine the prevalence and the course of anxiety and mood disorders in Dutch adolescents
(12-18 years old) with type 1 diabetes, and to examine correlates of symptom severity, including
parental emotional distress.
Research design and methods
Participants were 171 adolescents and 149 parents. The Diagnostic Interview Schedule for
Children-IV was used to assess current, past year and lifetime anxiety and mood disorders in
adolescents. Symptom severity and diabetes distress were measured with validated
questionnaires. Correlates of these symptoms were examined using hierarchical regression
analyses and included demographics (adolescent sex and age), clinical factors (diabetes
duration, treatment modality, most recent glycated hemoglobin A1c; all extracted from medical
charts), adolescent diabetes distress, and parent emotional distress.
Results
Twenty-four (14%) adolescents met the criteria for ≥ 1 disorder(s) in the previous 12 months.
Anxiety disorders were more prevalent than mood disorders (14% vs. 4%). Lifetime prevalence
of anxiety and mood disorders was 29% (n=49). The presence of any of these disorders earlier
in life (from 5 years old up to 12 months prior to assessment) was associated with disorders in
the past 12 months (OR=4.88, p=0.001). Higher adolescent diabetes distress was related to higher
symptoms of anxiety (b=0.07, p=0.001) and depression (b=0.13, p=0.001), while demographics,
clinical characteristics and parental emotional distress were not related.
Conclusions
Anxiety and mood disorders are common among adolescents and related to earlier disorders.
Higher diabetes distress was related to higher symptom severity. Clinicians are advised to
address past psychological problems and remain vigilant of these problems.
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Adolescence is period of risk for the development of anxiety and depression,1,2 making young
people between the ages 12-17 years a particularly vulnerable group. Living with and having
to self-manage a chronic condition such as type 1 diabetes may augment this psychological
vulnerability even more. Unfortunately, an exact estimate of how many adolescents with type
1 diabetes have an anxiety and/or mood disorder is lacking. Two systematic reviews addressing
the prevalence of depression and/or anxiety in youth with type 1 diabetes only included studies
using self-report questionnaires.3,4 Most previous studies that did use a diagnostic interview,
which is the gold standard in assessing the presence of psychiatric disorders, had a small sample
size (N<100)5-8 or have been conducted over 20 years ago,5,6 Two more recent and larger studies
also reported interview-based prevalence rates, but combined the estimate for adolescents
with that for younger children or young adults and used different time frames. A Polish study
reported that 15.5% of 207 youth (aged 8-18 years old) with type 1 diabetes met the diagnostic
criteria for an anxiety disorder at time of the assessment, while 3.9% met the criteria for a mood
disorder.9 In an Austrian sample of 241 10-22 year olds with type 1 diabetes, Berger et al. reported
lifetime rates of 21.1% for anxiety disorders, 11% for depression, and 1.2% for dysthymia.10
Adolescents are developmentally distinct from younger and older age groups and therefore
estimates specifically for adolescents are needed. Furthermore, current and previous disorders
should be considered simultaneously to better understand the underlying vulnerability and
trajectories of anxiety and mood disorders.11
Psychiatric disorders in young people have been related to suboptimal glycemic outcomes, lower
quality of life,9 and psychiatric disorders later in adulthood.9,12 Therefore, timely recognition and
treatment of these problems is vital, as is understanding who is at increased risk for a worsening
of symptoms. Sociodemographic factors related to higher anxiety or depressive symptoms include
female gender, older age and ethnic minority group status.13,14 With respect to clinical factors, use
of insulin pump therapy was associated with more anxiety symptoms,15 while longer duration of
diabetes and suboptimal glycemic control 7,16 were associated with increased depressive
symptoms. As for psychological factors, higher adolescent diabetes distress has been related to
increased depressive symptoms.17 An important limitation of previous studies is that they have
mainly focused on adolescent centered correlates. The link between parental and adolescent
psychological functioning is largely overlooked, even though studies in the general population
have shown a bidirectional transmission of negative affect between parents and children.18,19 In
the context of type 1 diabetes, both diabetes-related and general parental emotional distress
could very well be of importance, 20-23 but to our knowledge have rarely both been integrated in
studies examining emotional problems in adolescents with type 1 diabetes.
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Therefore, the aims of the present study are: 1) to determine the prevalence and course of
anxiety and mood disorders in Dutch adolescents with type 1 diabetes, and 2) to examine
whether demographic and clinical characteristics, adolescent diabetes distress, and parental
distress are related to the severity of adolescent anxiety and depressive symptoms.

M E TH ODS
Procedure and participants
The present study used baseline data from the first group of Dutch pediatric diabetes clinics
participating in the ongoing observational Longitudinal study of Emotional Problems in
Adolescents with type 1 diabetes and their Parents/caregivers (Diabetes LEAP). Adolescents
with type 1 diabetes aged 12 to 18 years old were recruited at Diabeter (locations Deventer,
Rotterdam, Schiphol, Veldhoven), Meander Medical Center Amersfoort, and Albert Schweitzer
hospital Dordrecht, as was the parent/caregiver primarily involved in their diabetes care.
Exclusion criteria were: a) diabetes duration of < 6 months, b) presence of an intellectual
disability, c) insufficient mastery of the Dutch language or, d) presence of severe circumstances
interfering with the ability to complete the assessment. Families who were eligible for
participation were sent an invitation letter and information about the study. Participation was
then discussed at the first upcoming regular clinic visits. If an adolescent decided to participate,
their primary caregiver (i.e. the parent or caregiver most involved with the diabetes care) was
invited to participate as well. Informed consent was obtained from all participants, after which
the families were contacted by the research team to plan a research visit. The study was
approved by the Medical Ethical Review Committee of Máxima Medical Center in Veldhoven
(NL48232.015.14).
Measures
Demographic and clinical characteristics
Sex, date of birth, and date of diagnosis of the adolescents were extracted from medical records.
Age was computed by counting the number of years between the date of birth and the date of
the research visit. Diabetes duration was computed as the research visit date minus the date
of diagnosis. Insulin treatment modality (multiple daily injections [MDI] or continuous
subcutaneous insulin infusion [CSII]) and glycated haemoglobin A1c (HbA1c) were extracted from
the medical charts as well. HbA1c was regularly assessed during clinic visits and the value of the
date closest to the research visit date was used in the present study. Recently, the cut-off value
for optimal HbA1c has been adjusted to < 53 mmol/mol (7.0%) by the International Society of
Pediatric and Adolescent Diabetes (ISPAD).24 However, as HbA1c values ≥ 58 mmol/mol (7.5%)
were considered suboptimal by ISPAD while the study was being conducted,25 this cut-off value
was used in the present study. Demographic characteristics (age, sex) of the primary caregiver
were assessed using a self-report questionnaire.
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Depressive symptom severity in the past two weeks was assessed using the Children’s
Depression Inventory (CDI)-2nd edition which consists of 28 items, each rated from 0 to 2.27 The
CDI has widely been used in pediatric diabetes studies.4 Item scores were (recoded if necessary
and) summed into a total score with higher scores indicating more depressive symptoms (range
0-56), provided there were not more than three missing values.27 With a maximum of three
missing values, a prorated score could be computed by multiplying the obtained raw score by
28 and dividing this by the number of completed items of the total scale.27 The internal
consistency was good in the present study (α= 0.83).
To assess anxiety symptom severity, the Generalized Anxiety Disorder-7 (GAD-7) was used.28 The
GAD-7 is a short, validated self-report questionnaire containing items about how often anxiety
symptoms were experienced in the past 2 weeks. Response options ranged from 0 (not at all)
to 3 (nearly every day). A total score was computed by summing the seven item responses (range
0-21). At least six item responses were required to compute a total score. In the case of one
missing item score, person mean imputation was applied. While the GAD-7 was initially
developed for adult samples, it has also been shown to detect clinically relevant anxiety
symptoms in adolescents with generalized anxiety disorder.29 The internal consistency was
acceptable in the present study (α= 0.72).
Anxiety and depressive symptoms in parents
The GAD-7 was used to assess anxiety symptoms in parents using similar scoring procedures.28
The internal consistency was good (α= 0.87). The Patient Health Questionnaire – 9 (PHQ-9) was
used to assess parental depressive symptoms.30 The PHQ-9 contains 9 items describing how often
depressive symptoms were present in the past 2 weeks, with response options ranging from 0
(not at all) to 3 (nearly every day). A total score was obtained by summing the item responses
(range 0-27) when at least six answers were obtained. Person mean imputation was used in the
case of one missing item score. In the present study, internal consistency was good, with α= 0.81.
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Anxiety and mood disorders and symptoms in adolescents
To assess anxiety and mood disorders in adolescents, the Dutch translation of the National
Institute of Mental Health Diagnostic Interview Schedule for Children –IV (DISC-IV) was
employed.26 The introductory module (consisting of demographic questions and the
construction of a lifetime and a previous 12-month timeline based on life-events) and the
modules assessing the presence of anxiety and mood disorders in previous 4 weeks and the
previous 12 months were used. A module concerning phobic fear of hypoglycemia was added
to the questions. Furthermore, the screening module was used to assess occurrence of anxiety
and/or mood disorders from the age of 5 up to 12 months prior to assessment. Results were
summed into binary variables with values 0 (disorder not present in the previous 4 weeks, the
previous 12 months, or during earlier life) and 1 (disorder present in the previous 4 weeks, the
previous 12 months, or during earlier life).
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Diabetes-specific distress
Diabetes-specific distress in adolescents was measured using the Dutch translation of the
Problem Areas in Diabetes – Teens (PAID-T) questionnaire.31 The PAID-T consists of 26 items
describing aspects of diabetes (self-care) to which the adolescents rated whether they
experienced (emotional) problems with these aspects, ranging from 1 (not a problem) to 6
(serious problem). A total score was computed by summing responses (range 26-156), with
higher scores indicating higher levels of distress. Internal consistency was very good
(α= 0.93).
Parental diabetes-specific distress was assessed using the Problem Areas in Diabetes – Parent
Revised (PAID-PR).32 This 18-item validated self-report questionnaire contains questions about
the burden of having a child with type 1 diabetes. Response options ranged from 0 (agree) to
4 (disagree). Item scores were reverse scored so higher scores reflect higher levels of distress.
A mean score of all items was computed and multiplied by 25 into a total score (range 0-100)
as instructed in the PAID-PR scoring manual (personal communication with authors by LN and
GN). Higher scores reflect higher levels of distress. In the present study, the internal consistency
was very good (α= 0.91).
Statistical analyses
Analyses were performed using IBM SPSS version 24.0. Descriptive statistics were applied to
examine the sample characteristics and the prevalence of anxiety and mood disorders in
adolescents. Pearson Chi-square tests or Fisher’s exact tests (in the case of expected cell counts
< 5%) were conducted to examine the association between present year emotional problems
and earlier lifetime emotional problems. Two hierarchical regression analyses were conducted
to examine correlates of adolescent anxiety (GAD-7 total score) and depression (CDI-2 total
score) severity. Only adolescent-parent dyads with complete data on the correlates and outcome
measures were included in these analyses (n=147). The correlates were entered in the following
blocks: 1) adolescent demographic characteristics: age and male sex, 2) clinical characteristics:
HbA1c, diabetes duration, and insulin pump therapy, 3) adolescent diabetes-specific distress
(PAID-T total score), and 4) parental distress: anxiety symptoms (GAD-7 total score), depressive
symptoms (PHQ-9 total score), diabetes-specific distress (PAID-PR total score). Prior to
interpretation, we inspected the assumptions for linearity and homoscedasticity (standardized
residuals vs. standardized predicted values plots, histograms, P-P plots), normality of residuals
(histograms, P-P plots), multicollinearity (correlations, variance inflation factor and tolerance
scores), and independent errors (Durbin-Watson tests). Regarding the assumption of
homoscedasticity there were some concerns for both models. Therefore robust regression
analyses were used by bootstrapping on 1000 subsamples.33 Statistical significance was set at
p< 0.05.
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Sample characteristics of the adolescents (n=171) and parents (n=149) are presented in Table 1.
Prevalence and course of anxiety and mood disorders
Table 2 displays the prevalence of anxiety and mood disorders in the adolescents in the past
four weeks, the past year (including the past four weeks), and lifetime (from 5 years old up to
the date of the interview). A total of 49 adolescents (29%) have had a mood or anxiety disorder
during their lifetime. Anxiety disorders were more prevalent than mood disorders (26% vs. 7%).
Twenty-four adolescents (14%) appeared to have had (an) anxiety and/or mood disorder(s) in
the past year. Twenty-three adolescents (13%) had an anxiety disorder in the past year, of whom
16 reported the presence of an anxiety disorder in the past four weeks. Specific phobias (n=15),
social phobia (n=6), and obsessive compulsive disorder (n=5) were most common. Mood
disorders in the past year were present in 4% (n=7) of the adolescents, with major depression
being the most common problem (n=4). Three adolescents had a mood disorder in the past
four weeks. Of the 171 adolescents, 6% (n=10) reported more than one disorder in the past year.

Table 1. Sample characteristics of adolescents (n=171) with type 1 diabetes and their parents (n=149).
Missing
values

% (n)*

Mean ± SD (median,
interquartile range)

Range

15 ± 2 (15; 13-17)

12 - 19

46 ± 5 (46; 43-49)

34- 59

7 ± 4 (7; 3-11)

0 – 16

Demographic characteristics
Age adolescent (years)

0

Female sex adolescent

0

Age parent (years)

2

Sex parent, women

1

47% (81)
89% (132)

Clinical characteristics
Diabetes duration (years)

0

Insulin treatment modality, CSII

0

Most recent HbA1c, %

0

7.7±1 (7.8; 6.98.3)

5.1-11.5

Most recent HbA1c, mmol/mol

0

61 ± 12 (62; 52-67)

33 – 102

78% (134)

42% (71)

Optimal glycemic control (<7.5%/58 mmol/mol)a
Psychosocial characteristics
Anxiety symptoms (GAD-7)

4

2.9 ± 2.7 (3.0; 1.0-4.0)

0-13

Depressive symptoms adolescents (CDI-2 )

4

6.2 ± 5.0 (5.0; 3.0-8.0)

0 – 26

Diabetes distress adolescent (PAID-T)

4

54.3 ± 19.3 (52.0; 38.0-68.0)

26 – 105

Anxiety symptoms parent (GAD-7)

0

2.4 ± 3.0 (2.0; 0.0-4.0)

0 – 14

Depressive symptoms parent (PHQ-9)

0

2.3 ± 3.0 (1.0; 0.0-3.0)

0 – 16

Diabetes distress parent (PAID-PR)

0

21.7 ± 15.9 (18.1; 9.72-29.2)

0 – 75

Note: Reported are valid percentages. Due to scheduling issues, one adolescent was 11.99 years old at assessment and two
adolescents had a diabetes duration of less than 6 months (0.55 and 0.56 years). a When a cut-off of 7.0% or 53 mmol/mol was
used, 26% (n=44) adolescents were in optimal control. Abbreviations: CSII = Continuous subcutaneous insulin infusion, HbA1c =
glycated haemoglobin A1c, DISC-IV= Diagnostic Interview Schedule for Children – 4th edition, GAD-7 = Generalized Anxiety Disorder
– 7 item anxiety scale, CDI-2 = Children’s Depression Inventory - 2nd edition, PAID-T = Problem Areas in Diabetes –Teens, PHQ-9 =
Patient Health Questionnaire – 9 item depression scale, PAID-PR = Problem Areas in Diabetes –Parents Revised.
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Table 2. The prevalence of anxiety and/or mood disorders in adolescents (n=171) in the past four weeks, the past year, and
during lifetime (≥5 years old).

Anxiety disorders

Mood disorders

Past four weeks

Past year

Lifetime

Social phobia

2% (3)

4% (6)

7% (12)

Separation anxiety disorder

0% (0)

0.6% (1)

5% (8)

Specific phobia

7% (12)

9% (15)

15% (26)

Phobic fear of hypoglycemia

1% (2)

2% (3)

5% (8)

Panic disorder

0% (0)

0% (0)

2% (3)

Agoraphobia

0% (0)

0% (0)

2% (3)

Generalized anxiety disorder

0.6% (1)

2% (3)

4% (6)

Selective mutism

0% (0)

0.6% (1)

0.6% (1)

Obsessive compulsive disorder

2% (3)

3% (5)

3% (5)

Post-traumatic stress disorder

0% (0)

0.6% (1)

0.6% (1)a

Prevalence of anxiety disorder(s)

9% (16)

13% (23)

26% (44)

Major depression

1% (2)

2% (4)

4.7% (8)

Dysthymia

0.6% (1)

1% (2)

1.2% (2) b

Mania

0% (0)

0% (0)

0.6% (1)

Hypomania

0% (0)

1% (2)

1.2% (2) c

Prevalence of mood disorder(s)

2% (3)

4% (7)

7% (12)

Total

9% (16)

14% (24)

29% (49)

Note: Reported are percentages (n). Past year prevalence also includes four week prevalence. Lifetime prevalence also includes
past year-prevalence. a Lifetime occurrence of post-traumatic stress disorder was embedded in the diagnostic module. b Lifetime
occurrence of dysthymia was not assessed in the whole life module. Lifetime occurrence of decreased mood was assessed in the
whole life Major depression screening. c Lifetime occurrence of hypomania was not assessed in the whole life module. Lifetime
occurrence of mania was assessed in the whole life screening.

Of the 147 adolescents who did not have emotional problems in the past year, 25 (17%)
appeared to have had a disorder earlier in life. Of this group, 21 adolescents reported earlier
anxiety disorders, while four reported earlier mood disorders. Ten of the 25 adolescents (40%)
had contacted a (mental) health care professional for these problems. Out of the adolescents
who did not have a history of anxiety and/or mood disorders (n=134), 12 (9%) had an anxiety
and/or mood disorder in the past year. Of the 24 adolescents who had an anxiety and/or mood
disorder in the past year, 50% (12) also appeared to have had earlier psychological problems.
Eleven adolescents had an anxiety disorders and one adolescent had a mood disorder earlier
in life. Four (33%) had contacted a (mental) health care professional for these problems.
The presence of an emotional problem in earlier life was strongly and significantly associated
with the presence of an emotional problem in the past year (Χ2 (1) = 13, p<0.001, odds ratio [OR]
= 4.88, 95% CI 1.97-12.11). Earlier life anxiety disorders were also strongly associated with past
year presence of anxiety disorders (p=0.001, OR=5.54, 95% CI 2.17-14.18) and mood disorders
(p=0.003, OR=12.69, 95% CI 2.34-68.81). However, earlier life mood disorders were not associated
with past year anxiety disorders (p=0.52) or mood disorders (p>0.99).
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Demographic characteristics

Clinical characteristics

Step 1
B (95% BCa)

Step 2
B (95% BCa)

Step 3
B (95% BCa)

Step 4
B (95% BCa)

Age adolescent (years)

0.21 (0.03-0.40)*

0.26 (0.04-0.47)*

0.10 (-0.10-0.29)

0.09 (-0.10-0.27)

Female sex adolescent

1.29 (0.47-2.19)**

1.25 (0.43-2.09)**

0.41 (-0.25-1.15)

0.39 (-0.30-1.12)

Diabetes duration (years)

-0.08 (-0.20-0.04)

-0.08 (-0.20-0.03)

-0.08 (-0.19-0.03)

Insulin treatment modality, CSII

-1.01 (-2.32-0.24)

-0.91 (-2.02-0.22)

-0.99 (-2.10-0.08)

Most recent HbA1c (mmol/mol)

0.01 (-0.02-0.04)

-0.01 (-0.04-0.02)

-0.01 (-0.04-0.02)

0.07 (0.05-0.09)**

0.07 (0.05-0.09)**

Adolescent diabetes distress

Diabetes distress (PAID-T)

Parental distress

Anxiety symptoms (GAD-7)

-0.07 (-0.30-0.13)

Depressive symptoms (PHQ-9)

0.12 (-0.09-0.34)

Diabetes distress (PAID-PR)

-0.01 (-0.05-0.02)

Adjusted R2

0.07**

0.09**

0.27**

0.27**

R2 change

0.08**

0.04

0.18**

0.01

Note: Reported are the bootstrapped unstandardized regression coefficients and the 95% bias corrected accelerated confidence
interval, and the proportion of explained variance. Sex adolescent was binary coded as boy=0 vs. girl=1; insulin treatment modality
as multiple daily self-injections=0 vs. continuous subcutaneous insulin infusion=1. Adjusted R2 reported the fit of the regression
model adjusted for the number of predictor variables. R2 change signified whether each hierarchical block significantly improved
the fit of the regression model. *p<0.05, **p<0.01, ***p<0.001.

Correlates of anxiety severity
Table 3 displays the final results of the bootstrapped hierarchical regression analysis examining
correlates of adolescent anxiety severity. In the first step, demographic characteristics accounted
for 7% of the variance in anxiety severity and the model was appeared to significantly fit the
data (p=0.002). After adding clinical characteristics, 9% of the variance in anxiety severity was
explained, although the model did not significantly improve (p=0.08). Adding adolescent
diabetes distress to the model led to a significant improvement of explained variance (27%,
p<0.001). In the final step, parental distress was added to the model but did not significantly
improve the model (p=0.49). In this final model, accounting for 27% of the variance in anxiety
severity, higher adolescents diabetes distress was the only factor significantly related to more
severe anxiety symptoms (p=0.001). When the analysis was repeated including adolescent
depressive symptoms (CDI-2 total score), a total of 39% of the variance in anxiety severity was
explained. In this fully adjusted model, higher diabetes distress (b=0.04, 95% BCa=0.02-0.06,
p=0.002) and more severe depressive symptoms (b=0.23, 95% BCa=0.14-0.34, p=0.001) were
related to more severe anxiety.
Correlates of depression severity
Table 4 displays the final results of the hierarchical regression analysis examining correlates of
adolescent depression severity (CDI-2 total score). In the first step, demographic characteristics
explained 6% of the variance in depression severity and the model appeared to significantly fit
the data (p=0.003). In the second step, clinical characteristics were added, leading to explained
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Table 3. The association of adolescent anxiety severity (GAD-7 total score) with adolescent demographical characteristics,
clinical characteristics, adolescent diabetes-specific distress, and parental distress (n=147).
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Table 4. The association between adolescent demographical characteristics, clinical characteristics, adolescent diabetesspecific distress, and parental distress with adolescent depression severity (n=147).
Step 1
B (95% BCa)

Step 2
B (95% BCa)

Step 3
B (95% BCa)

Step 4
B (95% BCa)

0.21 (-0.15-0.59)

0.21 (-0.21-0.67)

-0.14(-0.52-0.27)

-0.09 (-0.46-0.32)

2.66 (1.11-4.19)**

2.53 (0.99-3.99)**

0.76 (-0.57-2.11)

0.73 (-0.77-2.33)

Diabetes duration (years)

-0.10 (-0.29-0.10)

-0.11 (-0.27-0.07)

-0.14 (-0.30-0.03)

Insulin treatment modality, CSII

-1.23 (-3.39-0.95)

-1.01 (-2.89-0.75)

-1.09 (-2.80-0.62)

Most recent HbA1c (mmol/mol)

0.05 (-0.01-0.12)

0.01 (-0.04-0.07)

0.01 (-0.04-0.08)

0.14 (0.10-0.19)**

0.13 (0.09-0.17)**

Demographic characteristics Age adolescent (years)
Female sex adolescent
Clinical characteristics

Adolescent diabetes distress Diabetes distress (PAID-T)
Parental distress

Anxiety symptoms (GAD-7)

-0.29 (-0.70-0.14)

Depressive symptoms (PHQ-9)

0.36 (-0.04-0.76)

Diabetes distress (PAID-PR)

0.04 (-0.02-0.10)

Adjusted R2

0.06**

0.08**

0.31**

0.33**

R2 change

0.08**

0.03

0.23**

0.03

Note: Reported are the bootstrapped regression coefficients and the 95% bias corrected accelerated confidence interval, and the
proportion of explained variance. Sex adolescent was binary coded as boy=0 vs. girl=1; insulin treatment modality as multiple
daily self-injections=0 vs. continuous subcutaneous insulin infusion=1. Adjusted R2 reported the fit of the regression model
adjusted for the number of predictor variables. R2 change signified whether each hierarchical block significantly improved the fit
of the regression model. *p<0.05, ** p<0.01, ***p<0.001.

variance of 8%, although the model did not significantly improve (p=0.14). In the third step, the
adding of adolescent diabetes distress led to a significant improvement to the model explaining
a total of 31% variance in depression severity (p<0.001). In the final step, parental distress was
added to the model, which did not significantly improve the model (p=0.08). In this final model,
higher adolescent diabetes distress was related to more severe depression (p=0.001), but the
other factors were not. When the analysis was repeated including adolescent anxiety symptoms
(GAD-7 total score), 44% of the variance in depression severity was explained, with higher
adolescent diabetes distress (b=0.08, 95% BCa=0.04-0.12, p=0.002) and anxiety severity (b=0.75,
95%BCa 0.43-1.09, p=0.001) being related to higher depression severity.

CO N CLUS I O N S
In this group of 171 adolescents with type 1 diabetes, almost one-in-three reported an anxiety
or mood disorder during their lifetime and 14% had an anxiety or mood disorder in the past 12
months. Anxiety disorders were considerably more prevalent than mood disorders, consistent
with earlier studies in the general Dutch adolescent population 34 and most studies in
adolescents with type 1 diabetes.5,8,10 Due to the diversity of time frames used in previous studies
(e.g. lifetime prevalence, 9,10 10-year prevalence of newly diagnosed children,6 and current

190

Even though overall rates of anxiety and mood disorders appear lower in adolescents with type
1 diabetes than in their peers from the general population, it is important recognize and treat
these conditions in this group, as these problems have a strong negative impact on quality of
life, contribute to suboptimal diabetes management and impact diabetes outcomes.
Adolescents who had emotional problems earlier in life were more likely to have emotional
problems in the past year, corroborating to evidence showing that earlier disorders increase
risk for future disorders. 6 Coupled with the finding that less than half of the adolescents who
had anxiety or mood disorders earlier in life had not contacted a (mental) health care
professional for these problems, this stresses the value of continued vigilance of health care
professionals concerning emotional symptoms and the importance of addressing attitudes
towards mental health care. Similar to the general population, families may not always feel the
need for specialized treatment, for example when symptoms are considered to be transient or
when self-reliance is preferred over reaching out for formal treatment, or may have concerns
about confidentiality.36 The final decision about whether or not to initiate professional
psychological treatment generally rests with adolescents and their families themselves, but
health care professionals do have a responsibility to provide them with all the information
necessary to make a deliberate decision (e.g. about the chronicity of symptoms) and to address
any barriers that feed reluctance to seek help where help is indicated.
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prevalence)9 it is difficult to directly compare rates between studies. With respect to the
comparisons that can be made, the lifetime prevalence of anxiety disorders seems higher in
our sample (26%) compared with other studies in adolescents with type 1 diabetes (16-19%),
9,10
most likely due to our addition of a phobic fear of hypoglycemia assessment. When excluding
fear of hypoglycemia from the overall estimate, the lifetime prevalence of anxiety disorders in
our (21%) and other studies in adolescents with type 1 diabetes is lower than the 28% reported
for the general Dutch adolescent population. 34 The same trend is found for lifetime prevalence
of mood disorders, where the estimates in our (7%) and previous studies in adolescents with
type 1 diabetes (4-11%) 9,10 are lower than the 17% reported in the general Dutch adolescent
population. 34 Although appearing counterintuitive at first, there are several potential
explanations for this difference. Firstly, these general population estimates are based on
adolescents from one Dutch region, while we included young people from multiple parts across
the country. Secondly, youth with type 1 diabetes regularly consult with their diabetes teams,
increasing the opportunities for early detection and treatment of emotional problems before
developing into disorders. In contrast, most adolescents from the general population are not
regularly monitored and are dependent on the general practitioner to detect problems early
on and initiate timely treatment, while under-recognition of psychological symptoms in primary
care is known to be high.35 Thirdly, the possibility of developing emotional problems is
normalized in diabetes care. Without this explicit attention to emotional problems, youth from
the general population (and their parents) may find it more difficult to recognize symptoms 36
or perceive more stigma relating to these topics, delaying help-seeking.36
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With respect to correlates of symptom severity, we expected older age, female gender, longer
diabetes duration, insulin pump therapy, and suboptimal glycemic control to be related to
anxiety and depression severity,7,13-16 but these associations were not replicated in the present
study. Our results did show that higher adolescent diabetes distress is related to higher
adolescent anxiety and depression severity, in accordance with Powers et al. 17 As indicated in
previous literature, diabetes-specific distress could be an important contributor to more general
emotional distress 17 which in its most severe form could manifest as major depression,37 but
confusing diabetes distress with psychiatric disorders can lead to ineffective treatment.
To our surprise, we did not find parental distress to be associated with adolescent anxiety or
depression severity, contrasting earlier findings.20-22 While other factors could counteract the
negative effects of parental problems on children (e.g. other sources of support), adolescents
themselves may also be more resilient to parental distress than previously reported, which is
hopeful. It should be noted that these earlier studies only included mothers,20 did not focus on
adolescents specifically,22 and examined longitudinal associations.21 These methodological
differences could explain our discrepant findings. It could also be that parental distress is not
directly associated with adolescent emotional distress, but rather indirectly through suboptimal
parental involvement or parenting style,38 which fell beyond the scope of this study.
Strengths and limitations
The strengths of the present study include the large sample size, the use of a structured
diagnostic psychiatric interview to establish anxiety and mood disorders, the use of validated
questionnaires, and the inclusion of both adolescent and parental correlates of emotional
symptom severity. However, the findings of the present study must also be seen in the context
of several limitations. First, as we do not know the mental health of eligible adolescents who
chose not to participate, selection bias cannot be ruled out, possibly threatening the
generalizability of our results. Secondly, ethnic minorities were underrepresented in the sample,
thus differences between ethnic majority vs. minority status groups could not be examined.
Thirdly, the presence of disorders was determined retrospectively at one measurement occasion,
introducing the possibility of recall bias. Given the structure of the whole-life screening module,
we do not have detailed information with regard to lifetime clinical course of disorders. Fourthly,
not all possibly relevant correlates of anxiety/depression could be included in the model, as
the sample size did not permit the addition of more predictors without losing statistical power
or raising the risk of overfitting the models. Finally, the cross-sectional observational data on
anxiety/depression severity and diabetes-specific distress preclude inferences about causality.
Clinical implications
Within pediatric diabetes care, clinical practice guidelines including those from ISPAD recognize
that the present emotional wellbeing of adolescents with type 1 diabetes warrants attention.
Our results show that adolescents with a history of emotional problems are particularly
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vulnerable for subsequent emotional problems, hence health-care providers are additionally
advised to inquire about emotional problems earlier in life. As diabetes-specific distress is highly
prevalent in adolescents with type 1 diabetes 39 and appeared to be uniquely related to higher
severity of anxiety and depression, psychologists specialized in diabetes play an important role
in care support. Understanding how these factors interplay is crucial for effective treatment 37
and should be considered when aiming to improve psychological wellbeing through evidencebased interventions, such as cognitive behavioral therapy.40
In conclusion, anxiety and mood disorders are common in adolescents with type 1 diabetes
and related to disorders earlier in life, warranting continued vigilance by health-care providers.
Diabetes-specific distress was uniquely related to higher symptom severity. Prospective
longitudinal studies are needed to provide insight into the directionality of this association and
into the further course of disorders across adolescence and into young adulthood.
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CHAPTER 5

A BSTRACT
Objective
To examine (a) whether parental symptoms of depression and parental anxiety predict
adolescent emotional distress and glycated hemoglobin A1c (HbA1c) one-year later, and (b)
whether a relation between parental emotional distress and HbA1c is mediated by the level of
parental involvement in diabetes care and by treatment behaviors.
Method
Longitudinal path modeling was applied to data from 154 adolescents and parents from four
diabetes-centers participating in the Longitudinal Study of Emotional Problems in Adolescents
with type 1 diabetes and their Parents/caregivers (Diabetes LEAP). At baseline and one-year
follow-up, participants completed measures of depression (adolescents: CDI-2, parents: PHQ9) and anxiety (GAD-7). HbA1c was extracted from medical charts. Responsibility (Diabetes Family
Responsibility Questionnaire) and treatment behavior (Adherence in Diabetes Questionnaire)
questionnaires were completed by adolescents at baseline.
Results
Baseline parental depressive and anxiety symptoms were not associated with one-year
adolescent depressive symptoms (Bdep=-0.12, p=0.48, ΔR2=0.1%; Banx=0.02, p=0.91, ΔR2 =0.1%),
anxiety symptoms (Bdep=-0.03, p=0.81, ΔR2=0.0%; Banx=-0.03, p=0.81, ΔR2=0.2%), and HbA1c (Bdep=0.06, p=0.13, ΔR2 =0.1%; Banx=0.00, p=0.99, ΔR2 =0.0%). Responsibility division and treatment
behaviors did not mediate associations between parental emotional distress and one-year
HbA1c.
Conclusions
Parental depressive and anxiety symptoms did not predict adolescent emotional and glycemic
outcomes one year later. Future studies may determine whether the link is present in case of a
mood or anxiety disorder or severe diabetes-specific distress, or whether adolescents are
resilient in the face of parental distress.
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Depression and anxiety are common during adolescence, with 20% of 12- to 16-year olds
reporting emotional problems on self-report questionnaires.41 For youth with type 1 diabetes
mellitus the situation is even direr. Type 1 diabetes is a chronic condition requiring intensive
daily self-care activities (such as, but not limited to, regular monitoring of blood glucose levels
and administration of exogenous insulin).42 A recent meta-analysis found a pooled prevalence
of 30% for depression and 32% for anxiety among youth with type 1 diabetes, based on selfreported symptom severity. 4 Furthermore, symptoms of emotional distress have been
associated with suboptimal glycemic outcomes, such as glycated hemoglobin A1c 4 (HbA1c, which
represents the mean glycemia over approximately 3 months).43 This relationship may be
explained by less optimal self-care behaviors.44,45 Emotional problems are also frequent among
parents of adolescents with this chronic condition.46,47 In the DAWN-youth study, 4099 parents
of youth with diabetes from 8 nations were interviewed; suboptimal emotional well-being was
reported by almost half of the parents.48 Elevated parental anxiety symptoms seem to be
particularly common, as they have been reported by 43-55% 49,50 of mothers and 23% of fathers.49
Depressive symptoms were endorsed by 17-26% 49-51 of mothers and 19% of fathers.49
Research in the general population suggests that children of depressed parents are at a 2-to-3
fold increased risk for the development of depression and anxiety themselves.52,53 Despite the
high prevalence of emotional distress in parents of youth with type 1 diabetes mellitus, possible
transactional effects between parental and adolescent emotional problems are poorly studied
in the context of type 1 diabetes mellitus. The few existing longitudinal studies show mixed
results. One prospective cohort study suggested that children of mothers who were clinically
distressed developed a psychiatric disorder at a doubled rate compared with children whose
mothers were not clinically distressed.6 More specifically, children of depressed mothers
developed depressive disorders at a 2.63 higher rate than children whose mothers did not have
depression.6 However, another prospective study found that maternal and adolescent
depressive symptoms were uncorrelated in both cross-sectional and longitudinal analyses.54
With respect to the relation between parental emotional problems and diabetes outcomes,
maternal depression has been directly 55 and indirectly 38,56 linked to HbA1c. However, these
studies are limited by their cross-sectional design; hence longitudinal research is needed for
further insight in the nature of these associations.
Potential mediating mechanisms linking parental depression/anxiety and HbA1c are also underresearched. Some studies suggest that the affected quantity and/or quality of parental
involvement could be the explaining mechanism.38,56-58 Furthermore, maternal involvement was
associated with better following of treatment recommendations when mothers had fewer
depressive symptoms.54
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To address the existing gaps in the literature, the present observational study examines: a)
one-year longitudinal associations between parental emotional distress (i.e. symptoms of
depression and anxiety) and adolescent emotional distress (i.e. symptoms of depression and
anxiety), b) one-year longitudinal associations between parental emotional distress and HbA1c,
and c) whether such an association between parental emotional distress and HbA1c is mediated
by the division of diabetes management tasks and by the extent to which treatment
recommendations are followed (treatment behaviors).
We hypothesize that:
1) Higher parental emotional distress (symptoms of depression and anxiety) at baseline are
associated with higher symptoms of anxiety and depression in adolescents one year later.
2) Higher parental emotional distress at baseline is associated with higher HbA1c one year later.
3) The longitudinal association between parental emotional distress and HbA1c is mediated by
both the division of diabetes management responsibilities and the level of following
treatment recommendations.
Explorative analyses will assess whether the mediation can best be considered as (1) one
sequential mediation pathway running to the division of diabetes management responsibilities
and subsequently to the extent to which treatment recommendations are followed; and (2) two
simultaneous mediation pathways, one including the responsibility division and one including
following of treatment recommendations. Figure 1 depicts the hypothesized model (a) without
mediation, (b) with one, interconnected mediation pathway, and (c) with two separate mediation
pathways.

Figure 1. Theoretical models of longitudinal associations between parental distress and adolescent health-outcomes.
1a: Hypothesized model in which parental emotional distress is longitudinally associated with adolescent health-outcomes.
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1b: Hypothesized model in which the association between parental distress and HbA1c is mediated by the division of diabetes
responsibilities and subsequently the extent to which treatment recommendations are followed.
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1c: Alternative model in which the association between parental distress and HbA1c is mediated separately by the division of diabetes
responsibilities and the extent to which treatment recommendations are followed.
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Note: For readability, covariates, correlations of exogenous variables, and correlations of error-terms are not displayed in the
theoretical models.
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M E TH OD
Study design and participants
For the purpose of this study, data were used from the baseline and one-year follow-up waves
in the first four Dutch pediatric diabetes clinics (Diabeter) included in the ongoing Longitudinal
Study of Emotional Problems in Adolescents and Parents/caregivers (Diabetes LEAP). Families
of adolescents (aged 12 to 18) with type 1 diabetes mellitus were eligible for participation, unless
the adolescent had a) diabetes duration of < 6 months, b) an intellectual disability, c) insufficient
mastery of the Dutch language, or d) other severe circumstances interfering with the ability to
complete the assessment (as judged by their pediatrician). Eligible families were sent an
invitation letter and study information. Written informed consent from adolescents and parents/
caregivers were obtained at clinic visits. The primary caregiver, defined as the parent/caregiver
most involved in the diabetes management, was invited for the assessment. The baseline
assessments were conducted in 2015-2016. After one year, participants were invited to take part
in the second wave, which was concluded in 2017. For the present analyses, if the participating
parent in the second wave was not the same parent as in the baseline assessment, the second
wave was considered missing for the parent. The study protocol was approved by the Medical
Research Ethics Committee of Máxima Medical Centre in Veldhoven (NL48232.015.14).
Measures
Demographic and clinical variables
Adolescent sex, date of birth, HbA1c closest to both the baseline assessment and the one-year
follow-up interview date HbA1c, date of diabetes diagnosis, and insulin treatment modality
(multiple daily injections or continuous subcutaneous insulin infusion) were extracted from
electronic medical charts. Age was determined by counting the number of years between the
date of birth and the date of the baseline assessment; fractional parts were retained. Duration
of diabetes was calculated by counting the years between the date of diagnosis and the date
of the baseline assessment. HbA1c <7.5% (58 mmol/mol) was considered indicative of optimal
glycemic outcome, as advised by the International Society for Pediatric and Adolescent Diabetes
at the time of the assessments. 25 In a separate, study-specific questionnaire, parents selfreported age and sex, and whether they were currently diagnosed with a mood and/or anxiety
disorder by a physician, psychiatrist or psychologist.
Depressive symptoms
Adolescents also completed the Children’s Depression Inventory-2 59 at both time points. For
each of the 28 items of this self-report questionnaire, participants choose the one statement
out of three that best reflects their feelings in the past two weeks. After recoding the reversed
items, a total score was computed (range 0-56) with higher scoring indicating more (severe)
depressive symptoms. When three or less item scores were missing, they were imputed with
the participant’s mean score on the remaining items (person mean imputation).59 If more than
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Anxiety symptoms
At both time points, adolescents and parents completed the Generalized Anxiety Disorder-7
item scale (GAD-7).28 The GAD-7 assesses how often participants experienced anxiety symptoms
over the past two weeks. For each participant, a total score (range 0 – 21) was computed by
summing the seven item scores, with higher scores indicating more (severe) anxiety symptoms.
Person mean imputation was used in case of one missing item score. If more than one item
score was missing, the participant’s total GAD-7 score was considered missing. The GAD-7 was
originally developed for adult populations,28 but has recently been validated for use in
adolescents.29 Scores ≥ 10 were considered indicative of elevated anxiety symptoms.28 Internal
consistency at baseline was good; α=0.71 for adolescents, and α= 0.86 for parents. At follow-up
the estimated Cronbach’s alphas were 0.80 for adolescents and 0.85 for parents.
Division of diabetes management responsibilities
To assess how diabetes management responsibilities were shared or divided between parents
and adolescents, the Diabetes Family Responsibility Questionnaire (DFRQ) 60 was completed
by adolescents at baseline. The DFRQ contains 17 items describing diabetes management tasks,
each to be rated as 1 (Parent[s] take or initiate responsibility for this almost all of the time), 2
(Parent[s] and child share the responsibility for this about equally), or 3 (Child takes or initiates
responsibility for this almost all of the time). A total sum score was computed, ranging from 17
to 54 with higher scores indicating more child responsibility. Person mean imputation was
applied in the case of a maximum of 3 missing item scores. If more than three item scores were
missing, the participant’s total DFRQ score was considered missing. The estimated Cronbach’s
alpha was α= 0.71.
Following treatment recommendations
The extent to which treatment recommendations were followed (treatment behaviors) was
assessed at baseline using the Adherence in Diabetes Questionnaire – version for conventional
treatment (ADQ-C, 19 items) or the version for insulin pump treatment (ADQ-I, 17 items),61 as
applicable. Each item of the ADQ describes a diabetes management task and adolescents are
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three item scores were missing, the participant’s total score was considered missing. Scores ≥
14 were indicative of elevated depressive symptoms. The estimated Cronbach’s alpha was 0.83
at baseline and 0.79 at follow-up.
Parents were asked to complete the Patient Health Questionnaire-9 item scale (PHQ-9) at both
time points, assessing the presence of 9 symptoms of major depressive disorder in the past two
weeks.30 A sum score was computed (range 0 – 27) with higher scores indicating more depressive
symptoms. Person mean imputation was used in case of one missing item score. If more than
one item score was missing, the participant’s total PHQ-9 score was considered missing. Scores
≥ 10 were considered indicative of elevated depressive symptoms. The estimated Cronbach’s
alpha was 0.80 at baseline and 0.83 at follow-up.
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asked how they handled this task in the preceding month (possibly with help from a parent),
rated from 1 (Not at all) to 5 (Always). We updated the item concerning the recording of blood
glucose levels in a chart or diabetes diary to contain ‘uploading the blood glucose values from
the glucometer’. A mean score was computed over item responses (range 1-5), with higher
scores indicating greater following of treatment recommendations. At least 15 answers were
required for the ADQ-C, while 14 answers were required for the ADI-I, and person mean
imputation was used for missing values. If more than 4 (ADQ-C) or 3 (ADQ-I) item scores were
missing, the participant’s total score was considered missing. The estimated Cronbach’s alpha
was 0.73 for the pen-version, and 0.81 for the pump-version.
Statistical analyses
First, IBM SPSS version 24.0 was used describe the characteristics of the sample of adolescents
and parents. Means and standard deviation as well as median and interquartile range were
reported for continuous variables. Normality of the distribution was tested using the ShapiroWilk test. Longitudinal path modeling using maximum likelihood estimation in AMOS 23.0 was
applied to test our hypotheses. Missing values were handled in AMOS using the Full Information
Maximum Likelihood (FIML) method. 62
The actor-partner interdependence model 63 was used to take into account the dependency in the
scores of adolescent-parent dyads. To evaluate model fit, we inspected the chi-square test for exact
model fit, the RMSEA (including 95% confidence interval [CI]), the NFI, the TLI and the CFI. Based
on criteria by Hu and Bentler, 64 we a priori planned to conclude good model fit in case of nonsignificant chi-square tests, for RMSEA values below 0.05 (and upper 95% CI bounds below 0.10),
and for NFI, TLI and CFI values above 0.95. In all models, we adjusted for the sex of the adolescent
and the parent, and baseline adolescent depressive and anxiety symptoms, and HbA1c value.
First, we fitted a baseline model without mediators and hence only direct associations from
parental emotional distress to adolescent health-outcomes (adjusted for the division of diabetes
management responsibilities [DFRQ total score] and the extent to which treatment
recommendations were followed [ADQ total score]). Secondly, we fitted the hypothesized model
in which the association between parental distress and HbA1c was mediated by the division of
diabetes management responsibilities and the subsequent level of following treatment
recommendations (and compared this to the baseline). Finally, we examined a model in which
the division of diabetes responsibilities and the extent to which treatment recommendations
are followed were fit as two separate parallel mediators between parental distress and HbA1c
(instead of subsequently); we compared this to the baseline. Sobel tests were conducted to test
the statistical significance of these mediation pathways. If direct associations between baseline
parental distress and adolescent outcomes at one-year follow-up were not significant,
mediation-effects were examined nevertheless, as they were an integral part of the research
question and to avoid overlooking possible suppression effects. 65 We determined the R2 effect
size for a predictor by computing the change in R2 between a model where the predictor’s
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regression coefficient was fixed to 0 and a model where the regression coefficient was freely
estimated. Model fit comparisons were based mainly on the model fit indices, as the chi-square
difference test was not possible because the baseline model is not nested in the models
including mediators. Statistical significance was tested against α= 0.05.
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R E SU LTS
Baseline characteristics of the 154 adolescents and 137 parents are presented in Table 1. Of
these adolescents, 11% (n=16) reported elevated depressive symptoms, while 5% (n=7) reported
elevated anxiety symptoms. Of the parents 5% (n=6) reported elevated depressive symptoms,
while 4% (n=5) reported elevated anxiety symptoms. A total of 79 adolescent-parent dyads
provided complete data at both time points, while 44 adolescents had incomplete data at
baseline and/or one-year follow-up, and 72 parents had incomplete data at baseline and/or
one-year follow-up.

% (n)

Mean ± SD

Median (IQR)

Range

15.0±1.9

15.0 (13.5-16.6)

12.0-18.7

46.0±4.6

46.0 (43.0-49.0)

34.0-59.0

7.2±4.2

7.2 (3.4-10.9)*

0.6-15.8

Most recent HbA1c, %

7.8±1.1

7.8 (7.0-8.3)

5.4-11.5

Most recent HbA1c, mmol/mol

61±12

62 (52-68)

36 -102

Adolescent anxiety symptoms, GAD-7 total score

3.1±2.7

3.0 (1.0-4.0)*

0.0-13.0

Adolescents depressive symptoms, CDI-2 total score

6.4±5.1

5.0 (3.0-8.0)*

0.0-26.0

Division of diabetes management responsibilities, DFRQ total score

37.1±4.2

37.0 (35.0-40.0)

25.0-50.0

Treatment behaviors, ADQ-C/ADQ-I total score

3.9±0.5

3.9 (3.6-4.3)*

2.4-4.9

Parent/caregiver anxiety symptoms, GAD-7 total score

2.4±3.0

2 (0.0-4.0)*

0.0-14.0

Parent/caregiver depressive symptoms, PHQ-9 total score

2.3±2.9

1 (0.0-3.0)*

0.0-16.0

Demographic characteristics
Age adolescent (yrs)
Sex adolescent, women

49 (71)

Age parent/caregiver (yrs)
Sex parent/caregiver, women

89 (121)

Clinical characteristics
Duration of diabetes (yrs)
Insulin treatment modality, (CSII)

Optimal HbA1c (% <7.5 % / 58 mmol/mol)

77 (113)

42 (65)

Psychosocial characteristics

Parent/caregiver self-reported anxiety disorder diagnosis

4 (5)

Parent/caregiver self-reported mood disorder diagnosis

7 (9)

Note: Reported are valid percentages. * Shapiro-Wilk test: p<0.05. Abbreviations: Yrs years, CSII Continuous subcutaneous insulin
infusion, HbA1c Hemoglobin A1c, GAD-7 Generalized Anxiety Disorder- 7, CDI-2 Children’s depression inventory -2, DFRQ Diabetes
Family Responsibility Questionnaire, ADQ-C Adherence in Diabetes Questionnaire – Conventional treatment, ADQ-I Adherence in
Diabetes Questionnaire- Insulin pump user, PHQ-9 Patient health questionnaire- 9, SD standard deviation, IQR interquartile range.
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Table 1. Baseline sample characteristics of the 154 adolescents with type 1 diabetes and 137 of their parents.

CHAPTER 5

Figure 2. Structural models of the one-year associations between parental distress and adolescent health-outcomes.
2a: Direct effects model
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Longitudinal associations between parental distress and adolescent health-outcomes
The first a priori defined model, in which only direct associations between parental depressive
and anxiety symptoms and adolescent outcomes were fitted (i.e. the baseline model), showed
adequate exact model fit (χ2 (14)=12.26, p=0.59), indicating that the estimated covariance matrix
based on the model parameters closely resembled the observed covariance matrix. Fit indices
further supported this finding (CFI=1.00, NFI=0.98, TLI=1.00, RMSEA=0.00; 95% CI: 0.00-0.07).
However, when inspecting the path model estimates, it appeared that baseline parental
depressive symptoms (B=-0.12, SE=0.16, p=0.48, R2-change=0.1%) and baseline parental anxiety
symptoms (B= 0.02, SE=0.16, p=0.91, R2-change =-0.1%) were not associated with adolescent
depressive symptoms at follow-up. Similarly, baseline parental depressive symptoms (B= -0.03,
SE=0.13, p=0.81, R2-change =0.0%) and baseline parental anxiety symptoms (B=-0.03, SE=0.13,
p=0.81, R2-change=0.2%) were not significantly related to adolescent anxiety symptoms at
follow-up. Furthermore, baseline parental depressive and anxiety symptoms were not
significantly related to HbA1c at follow-up (B= -0.06, SE=0.04, p=0.13, R2-change =0.9% and B=0.00,
SE=0.04, p=0.99, R2-change =0.0%). Standardized estimates are presented in Figure 2.
The second model assessed whether the association between parental emotional distress and
HbA1c was mediated by the division of diabetes responsibilities and the extent to which
treatment recommendations were followed. The exact model fit (χ2 (27)=41.37, p=0.04), indicated
that model was rejected, the estimated covariance matrix based on the model parameters
differed from the observed covariance matrix. NFI, TLI and RMSEA also suggested suboptimal
model fit (NFI=0.94, TLI=0.89; RMSEA=0.06, 95%CI: 0.01-0.09), while the CFI statistic was good
(CFI=0.97). With respect to the path model estimates of the second model, baseline parental
depressive and anxiety symptoms were not associated with one-year adolescent depressive
symptoms (B=-0.11, SE=0.16, p=0.51, R2-change =0.1% and B=0.02, SE=0.16, p=0.93, R2-change
=0.0%, respectively). Similarly, baseline parental depressive (B=-0.02, SE=0.13, p=0.85, R2-change
=0.0%) and anxiety symptoms (B=-0.03, SE=0.13, p=0.79, R2 -change =0.2%) were not associated
with adolescent anxiety symptoms at follow-up. Baseline parental depressive and anxiety
symptoms were also not directly related with HbA1c at follow-up (B=-0.06, SE=0.04, p=0.13, R2change =0.9% and B=-0.00, SE=0.04, p=0.94, R2-change =0.0%). The standardized estimates of
the mediated pathways from parental depressive or anxiety symptoms to HbA1c at follow-up
were both 0.00.
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Note: For readability, covariates (parental sex, adolescent sex, parental anxiety and depressive symptoms at follow-up, baseline
adolescent anxiety and depressive symptoms, and baseline HbA1c), correlations of exogenous variables, and correlations of
error-terms are not depicted in the structural models. Double-headed curved arrows reflect Pearson product moment correlations
and single-headed straight arrows reflect standardized regression coefficients. Solid arrows concern statistically significant effects
and dotted arrows non-significant effects. In the direct effects model, we also adjusted for the division of diabetes responsibilities
and treatment recommendation following.
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As the baseline model is not nested in the sequential mediation model, we compared the model
fit of both models based on their Chi-square, NFI, TLI, RMSEA and CFI statistics and concluded
that the parsimonious model showed superior fit. Thus, the results of our analysis rejected the
hypothesis that the division of diabetes responsibilities and treatment behaviors subsequently
mediate an association between parental distress and HbA1c.
The third model assessing two separate and simultaneous mediation pathways (division of
diabetes tasks, following of treatment recommendations) between parental depressive and
anxiety symptoms and adolescent HbA1c also showed suboptimal exact model fit (χ2 (25) =40.59,
p=0.03). This finding was supported by most other fit indices (NFI=0.94, TLI=0.88; RMSEA=0.06,
95% CI: 0.02-0.10), except CFI (CFI=0.97). With respect to the path model estimates, baseline
parental depressive and anxiety symptoms were not associated with adolescent one-year
depressive symptoms (B=-0.11, SE=0.16, p=0.51, R2-change=0.1% and B=0.01, SE=0.16, p=0.94,
R2-change =0.0% respectively). Baseline parental depressive and anxiety symptoms were also
not associated with adolescent anxiety symptoms at one-year follow-up (B=-0.02, SE=0.13,
p=0.85, R2-change= 0.0% and B=-0.04, SE=0.13, p=0.78, R2-change=0.2%). Finally, baseline
parental depressive and anxiety symptoms were not directly related with HbA1c at one-year
follow-up (B=-0.06, SE=0.04, p=0.12, R2-change=1.1% and B=0.00, SE=0.04, p=0.96, R2change=0.0%). The standardized mediated effect of parental depressive symptoms on HbA1c
at follow-up was 0.008, while the standardized mediated effect of anxiety symptoms was -0.005.
The Sobel tests confirmed that there were no mediation effects of the division of diabetes tasks
(p=0.47) or following treatment recommendations (p=0.93) in the association between parental
depressive symptoms and HbA1c. Similarly, the association between parental anxiety symptoms
and HbA1c at follow-up was not mediated by the division of diabetes tasks and the level of
following treatment recommendations (Sobel tests p=0.59 and p=0.85, respectively).
Comparing the model fit of the simultaneous mediation model with the baseline model based
on Chi-square, NFI, TLI, RMSEA and CFI statistics, we concluded that the baseline model showed
superior fit. The results of our analysis did not support the hypothesis that the division of
diabetes responsibilities and treatment behaviors acted as two separate mediators between
parental emotional distress and HbA1c.

D I SCUSS I O N
In this sample of 154 adolescents, baseline parental emotional distress (i.e. depressive and
anxiety symptoms) was not significantly associated with one-year adolescent depressive
symptoms, anxiety symptoms, or HbA1c. In line with these results, further analyses showed that
the division of diabetes responsibilities and the extent to which treatment recommendations
are followed, did not mediate the association between parental emotional distress and HbA1c.
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These findings are contrary to our a priori expectations. This may suggest that adolescents are
more resilient in the face of parental emotional distress than previously expected, possibly due
to positive adolescent characteristics (such as self-efficacy).66 However, there are several
alternative explanations. First, whether or not there is a relation between parental and
adolescent emotional health may be dependent on the method of assessment. Similar to our
study, Wiebe et al. 54 reported maternal depressive symptoms not to be directly related to
adolescent distress, seemingly contradicting other studies in the general population 52,53 that
did suggest parental psychiatric disorders as a risk factor for psychopathology in their children.
In the context of type 1 diabetes mellitus, one study reported maternal distress to be a risk factor
for psychopathology in their children.6 However, self-reported symptoms of distress do of course
not equal a diagnosis psychiatric disorder and this may explain the inconsistencies in the
(nonsignificant) results of our study and the significant results of studies focusing on psychiatric
disorders determined with diagnostic interviews.6,52,53 The severity of the problems is higher in
the latter group of studies. Psychiatric disorders inherently indicate a certain level of severity
or impairment in areas of daily life, while symptom severity can range from non-existent to
severe. In our sample, only 4% of parents reported to have a current diagnosed mood disorder,
while 7% reported an anxiety disorder. When looking at symptom severity, the majority or
parents reported no or mild depressive and anxiety symptoms, and few parents had high scores.
This restriction of range could have attenuated the associations and hence lowered power to
detect the hypothesized associations.67
A second explanation for our unexpected findings concerns the parent who was most involved
in the diabetes care of the adolescent was invited to participate in the present study. This is not
necessarily the parent to whom the adolescent feels the most (emotional) attachment or by
whom the adolescent is most emotionally affected. Also, the presence of emotional support
by other important people in the social network of the adolescent could have buffered the
negative effects of emotional distress in the participating parent,68 but this fell beyond the scope
of the present study. Thirdly, other unmeasured factors outside the adolescent-parent
relationship could be important contributors to adolescent emotional distress, such as
emotional distress of the other parent, adolescent distress regarding life with diabetes,69 or
problems with peers.70
With regard to the expected association between parental emotional distress and HbA1c,
previous research has suggested both direct 55 and indirect associations for maternal depressive
symptoms. 38,56 However, these studies had a cross-sectional design. While we examined whether
parental emotional distress was associated with HbA1c at follow-up, it is also imaginable that
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Even though parental emotional distress and HbA1c after one year were not significantly related,
we did proceed to test and report on the hypotheses concerning mediation to avoid overlooking
possible suppression effects.65
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suboptimal HbA1c precedes parental emotional distress. Alternatively, parental diabetes-specific
distress may be of more importance than general parental well-being, as demonstrated in a
longitudinal study by Eilander et al. 21 While general emotional distess can arise as the result of
a myriad of reasons, diabetes-specific distress clearly relates to life with diabetes and might be
more directly related to HbA1c.
Parental involvement has been suggested as a mediatior in the association of parental distress
and adolescent HbA1c, but this hypothesis was rejected in the present study. However, previous
studies have defined this involvement as parental monitoring,38,56 or conflict, and warmth of
involvement,38 while we focused on the quantity of involvement in diabetes related
responsibilities, possibly explaining the differences in results. Both aspects may be of importance
for the diabetes management of youth with type 1 diabetes mellitus.71 Also, the DFRQ total score
may have been less suitable to assess the level of involvement of the parent of interest. For
example, the DFRQ assesses the involvement of both parents as one entity, meaning over- or
under involvement of the parent of interest may have been masked by the activities of the other
parent. Furthermore, similar sum scores can be assigned to families where adolescent and
parents are equally sharing all diabetes responsibilities versus families where the tasks are
distinctly divided. It could also be the case that the division of diabetes responsibility per se is
less important than the match of this division to the adolescent’s readiness and ability to
(adequately) perform these tasks. The Adherence in Diabetes Questionnaire measures how
often a diabetes-related task is performed, yet it does not assess whether the tasks are optimally
timed and/or appropriately executed (leading to the desired outcomes).
The prospective design, the focus on adolescent mental as well as diabetes outcomes, and the
use of validated questionnaires are strengths of our study. However, several limitations should
be recognized as well. First, as we did not collect (mental health) data in adolescents and parents
who opted out of participation, selection bias could have occurred during recruitment. This
could threaten the generalizability of the results. Second, despite the large sample size, we must
also note that the rates of self-reported physician/specialist diagnosed parental mood and
anxiety disorders were low, thus analyses restricted to the group with psychopathology could
not be run. Third, it should be noted that that the percentage of parents with elevated anxiety/
depressive symptoms was also low and might not be representative for the population. Fourth,
we focused on the parent who had indicated to be most involved in the diabetes care, thereby
possibly overlooking (the role of) significant others in the social network of the adolescent.
Lastly, not all adolescents and parents who participated in the baseline wave were retained in
the follow-up wave, which could have induced attrition bias. However, by using an inclusive
method (FIML) to handle missing data, we aimed to maximally use the available data in order
to estimate the parameters as accurately as possible.62
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To our best knowledge, this is the first prospective study in which parental depressive and
anxiety symptoms are examined in relation to both emotional and diabetes health-outcomes
in adolescents with type 1 diabetes mellitus. We did not find significant longitudinal associations
between parental emotional distress and adolescent health-outcomes after one year. However,
it might be premature to discard the notion of parental emotional distress affecting adolescent
outcomes, given the limitations of the present study. Previous studies focusing on diagnoses
did suggest transgenerational links of emotional distress, thus future research should focus
specifically on the group with psychopathology. Moreover, future studies are advised to examine
which aspects of parental involvement may be of importance in these associations, in order to
inform avenues for targeted supportive intervention for families at risk for adverse outcomes.
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A BSTRACT
Objective
To determine glucose variability (GV) in adolescents with type 1 diabetes, and to examine
whether GV is associated with symptoms of depression and/or anxiety.
Research design and methods
Baseline data from the Longitudinal study of Emotional problems in Adolescents with type 1
diabetes and their Parents (Diabetes LEAP) were used. Glucose values in the three weeks prior
to questionnaire assessment were extracted from electronic medical charts. GV parameters
were the standard deviation (SD) of glucose values, the coefficient of variation (CV), and average
daily risk ratio (ADRR). Depressive symptoms (CDI-2) and anxiety symptoms (GAD-7) were selfreported.
Results
A total of 154 adolescents participated, of whom 129 had uploaded blood glucose data. The
majority of the sample self-monitored blood glucose (SMBG) (87%) rather than using continuous
glucose monitoring (CGM). In the SMBG and the CGM group, mean SD was 5.5±1.6 and 4.2±1.0,
mean CV was 50.5±9.4% and 44.4±7.5%, and mean ADRR was 93.5±33.1 and 102.2±30.0,
respectively. Neither depressive nor anxiety symptoms were significantly correlated with the
SD, CV, or ADRR in the CGM group and SMBG group.
Conclusions
Compared with optimal GV values reported in the literature, GV in adolescents with type 1
diabetes appears to be suboptimal. SD, CV, and ADRR (mainly describing the amplitude of GV)
were not correlated with depressive and anxiety symptoms. Future research should include GV
parameters also describing timing and duration aspects of GV.
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I N TR O DUCT I O N

Experts are therefore increasingly recognizing the importance of simultaneously focusing on
parameters in addition to HbA1c, such as blood glucose variability (GV).8 Although there is an
ongoing debate on how GV should be measured and reported, both the amplitude and the
duration of glucose excursions around the mean are considered to be helpful components.8-10
Striving to limit GV could improve time in target and avoid acute complications, as prior research
has shown that a 1 mmol/L increase in the standard deviation of glucose was associated with
a 1.07-fold increase in the risk of a hypoglycemic episode.11 Earlier research in this area has also
shown that higher GV was associated with negative moods and lower quality of life in a sample
of women with type 2 diabetes (r= -0.47).12 Surprisingly, in adults with type 1 diabetes GV was
unrelated to mood ratings,13 but depression has been bidirectionally associated with severe
dysglycemia.14
To date, few studies have studied GV in adolescents with type 1 diabetes, even though out-ofrange blood glucose values are especially harmful in youth with type 1 diabetes. Both hypo- and
hyperglycemia seem to negatively affect brain development and hamper cognitive function.15-17
Moreover, a lower number of hypoglycemic events was related to better parents’ proxy-reports
of psychosocial health, and a lower number of hyperglycemic events (> 8.0 mmol/L) was
associated with better health-related quality of life (i.e. psychosocial health and physical
health).18 GV has also been related to increased inflammation in adolescents with T1D 19 possibly
contributing to their risk of not only cardiovascular diseases, but also depression.20-22
To conclude, research on GV in adolescents with T1D is scarce despite its potential relevance
for development and psychosocial health in this group.
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Type 1 diabetes mellitus is a chronic condition affecting increasing numbers of children and
adults worldwide.1 Achieving strict glycemic outcomes is vital in preventing and delaying the
onset and worsening of micro- and macrovascular complications.2 Glycemic outcomes
deteriorate during adolescence in many young people with diabetes 3 with only one in five
achieving glycemic target values.4 Among the reasons for this deterioration are physiological
changes based on the hormonal induction of puberty (such as a significant increase in insulinrequirements), but suboptimal glycemic outcomes are also associated with psychosocial issues
that influence therapy (e.g. diabetes-specific conflict)5 and psychological problems such as
depression and anxiety.6 However, most studies use glycated hemoglobin A1c (HbA1c) as glycemic
measure,7 which represents an average of blood glucose values over the past 2–3 months.
Unfortunately, HbA1c thus obscures the short-term complexity of the glycemic profile 8 in terms
of intraday variability and the occurrence of hypo- and hyperglycemia. Consequently, two
people with the same HbA1c could very well have different daily glycemic patterns.9 Focusing
solely on HbA1c hinders the possibility to make individually tailored treatment recommendations.
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Therefore, the present study aims to (a) characterize glucose variability in adolescents with type
1 diabetes, and (b) examine whether glucose variability is associated with symptoms of
depression and/or anxiety.

M E TH ODS
The present study used baseline data from the Longitudinal study of Emotional problems in
Adolescents with type 1 diabetes and their Parents/caregivers (Diabetes LEAP). The sample
included adolescents with type 1 diabetes (aged 12 to 18 years old) recruited from the first
clinics (four locations of Diabeter) participating in the Diabetes LEAP study. Reasons for exclusion
were diabetes duration of less than 6 months, presence of an intellectual disability, language
difficulties, or other circumstances interfering with the ability to complete the questionnaire
assessment. Families of adolescents who were eligible for participation were sent an invitation
letter and information about the study. During routine clinic visits, the pediatrician then
discussed participation. Informed consent from adolescents and their parents was obtained.
The study protocol was approved by the Medical Research Ethics Committee of Máxima Medical
Centre in Veldhoven (NL48232.015.14).
Measures
Depressive symptoms
The Dutch version of the Children’s Depression Inventory 2 (CDI-2)23 was used to assess
depressive symptoms in the past two weeks. The CDI 2 consists of 28 items containing three
statements each. Adolescents were asked to choose the statement that best reflected their
feelings in the past two weeks. Responses were scored as 0 (symptom not present) to 2
(symptom definitely present). After recoding the reversed items, a total score (range: 0-56) was
computed by summing all item scores with person-mean imputation in case of 3 or less missing
values.24 Total scores of ≥ 14 are considered clinically significant.24 The Cronbach’s alpha in the
present sample was α= 0.83.
Anxiety symptoms
The Dutch version of the Generalized Anxiety Disorder-7 (GAD-7)25 was used to assess anxiety
symptoms in the past 2 weeks. This seven item self-report questionnaire was originally
developed to assess anxiety in adults, but has since been validated in adolescents as well.26
Person-mean imputation was applied in case of one missing value. A total score (range: 0-21)
was computed by summing the 7 item scores, with scores ≥ 10 indicating at least moderate
anxiety. The Cronbach’s alpha in the present study was α= 0.71.
Glucose variability
As part of their regular care, adolescents with T1D frequently upload their insulin use and
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glucose values to the disease management system (Vcare). Different methods of monitoring
were used, including fingerstick methods (Glucose meter), Real-time CGM (RT-CGM) and Flash
Glucose Measurement (FGM). For this study we extracted glucose values from VCare from three
weeks prior to the LEAP questionnaire assessment (date of assessment minus 21 days). The
five-minute CGM data were compiled to an hourly average glucose value, unless values indicate
hyperglycemia (above 11.1 mmol/l) or hypoglycemia (below 3.9) in which case the highest
hyperglycemic value or the lowest hypoglycemic value within the hour is used.
Three parameters of glucose variability (GV) were computed based on all available blood glucose
measurements: the standard deviation (SD), the coefficient of variation (CV), and the average
daily risk range (ADRR).27 The mean blood glucose value was computed as the sum of all
available blood glucose values divided by the number of blood glucose measurements.
The SD was computed as:

,

GV was described separately for adolescents who used a continuous glucose monitor (CGM,
both RT-CGM and FGM) and for adolescents who self-monitored blood glucose (SMBG) using
fingersticks methods. Furthermore, the following subgroups were distinguished: CGM users
with < 50% usage during the three-week period, CGM users with 50-79% usage, and CGM users
with ≥ 80% usage. The SBMG group was subdivided in a group with ≥ 14 days of ≥ 3 blood
glucose measurements per day, and a group that did not meet that criterion.
Other variables
Demographic characteristics (date of birth and sex) and clinical characteristics (insulin therapy,
method of glucose monitoring, date of diagnosis, HbA1c) were extracted from electronic medical
charts. Age was computed by subtracting the date of birth from the date of the assessment,
while diabetes duration was computed by counting the years between the date of diagnosis
and the date of assessment. Fractional parts were retained. Parental education level was
reported in a study-specific questionnaire for the caregiver primarily involved in diabetes care.
Statistical analyses
Descriptive statistics were applied to examine the characteristics of the participants. Prior to
analysis, the assumption of normal distributions was examined using histograms and Shapiro-
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in which X is the blood glucose value, x̅ represents the mean blood glucose value, and n is the
number of blood glucose measurements. The CV was computed by dividing the SD by the mean
blood glucose value multiplied by 100. The computation of the ADRR was performed according
to Kovatchev et al. (2006)28 who specified that the ADRR should be calculated from 2– 4 weeks
of SMBG data with ≥ 3 SMBG readings/day, for a minimum of 14 days, which do not need to be
consecutive. Hence, GV parameters were only computed for adolescents meeting this criterion.
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Wilk tests. In case of violation, non-parametric tests were applied. Group differences with respect
to continuous variables were tested using t-tests or Mann-Whitney U tests (in the case of nonparametric distributions). Proportions were compared using Pearson χ2-tests or Fisher’s exact
tests (when expected cell counts were < 5).
In the group with ≥ 14 days with ≥ 3 blood glucose measurements per day available, we
examined the associations between GV (i.e. SD, CV, and ADRR) and depressive and anxiety
symptoms. Correlation analyses were conducted, either by computing Pearson’s r or Kendall’s
τ (in non-parametric distributions), with bootstrapped Bias Corrected and accelerated 95%
confidence intervals (BCa 95% CI). Statistical significance was set at p< 0.05. All analyses were
performed using IBM SPSS version 24.0.

R E SU LTS
Sample description
Demographic, clinical, and psychological characteristics of the 154 adolescents are presented
in Table 1, stratified by availability of glucose data. Uploads of glucose values in the three weeks
of interest were missing for 25 participants (16%). This group had a longer diabetes duration
(U= 1152.000, Z= -2.256, p= 0.02, η2= 0.033) and included a higher proportion of insulin pumpusers (χ2= 5.384, p= 0.02, η2= 0.035) compared with the group who had uploaded glucose data.
Adolescents with uploaded glucose data (n= 129) were on average 15 years old, with a mean
diabetes duration of 6.9 years. The mean HbA1c value was 61.9 mmol/mol (7.8%). These mean
depressive and anxiety symptoms scores (6.2 and 3.0, respectively) were below the clinical
cut-off values. Elevated scores for depression were present in n= 13 (10%) and n= 5 (4%) had
elevated anxiety scores. The majority of this group (87%) of adolescents self-monitored blood
glucose values using a glucose meter. Depressive symptoms and anxiety symptoms did not
differ between the CGM and SMBG groups (U= 661.500, Z= -1.607, p= 0.11, and U= 845.500, Z=
-0.256, p= 0.80, respectively).
Glucose variability
Figure 1 depicts the distribution of the adolescents into different glucose monitoring (sub)
groups. In the CGM group (n= 17), 4 (24%) used the CGM at least 80% of the time, 8 (47%) used
their CGM 50–79% of the time, and 5 (29%) used their CGM less than 50% of the time including
two adolescents who sent an upload that did not include any glucose values. In the SMBG
group, 75 adolescents (67%) had at least 14 days with at least 3 measurements a day. One
adolescent did send an upload that did not have blood glucose measurements in the time
period of interest. Table 2 displays the glucose variability in the CGM and SMBG (sub)groups.
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Table 1. Characteristics of adolescents with type 1 diabetes and uploaded glucose data (n=129) vs. those without uploaded
glucose data (n=25).
Uploaded glucose data
%(n)*/
Mean ± SD (median, interquartile range)

Missing glucose data%(n)*/
Mean ± SD (median, interquartile range)

Adolescent age (years)

15.0±1.9 (14.9, 13.4-16.5)

15.3±1.8 (15.3, 13.8-16.9)

Adolescent sex, female

48% (62)

48% (12)

Parent, low education level

13% (15)

16% (3)

Diabetes duration (years)

6.9±4.3 (6.3, 2.9-10.7)

9.0±3.6 (9.4, 5.4-11.9) *

Insulin treatment modality, CSII

75% (97)

96% (24) *

Glucose monitoring, CGM

15% (19)

8% (2)

Most recent HbA1c, %

7.8±1.1 (7.8, 7.1-8.4)

7.4±1.05 (7.3, 6.6-8.2)

Most recent HbA1c, mmol/mol

61.9±12.2 (61.8, 53.6-68.3)

57.3±11.4 (56.3, 48.6-66.1)

Depressive symptoms (CDI-2)

6.2±4.8 (5.3, 3.0-8.0)

6.7±6.3 (5.0, 3.0-10.5)

Anxiety symptoms (GAD-7)

3.0±2.6 (3, 1.0-4.0)

3.3±3.4 (2, 1.0-5.0)

Demographic characteristics

Clinical characteristics

Psychological characteristics

*p<0.05, **p<0.01. Note: Reported are valid percentages. Due to practical reasons, one participant was 11.99 years old and two
participants had a diabetes duration of less than 6 months (0.55 and 0.56 years) at assessment. Abbreviations: SMBG, selfmonitored blood glucose, CSII, Continuous subcutaneous insulin infusion; CGM, continuous glucose monitor, HbA1c, glycated
haemoglobin A1c; CDI-2, Children’s Depression Inventory - 2nd edition; GAD-7, Generalized Anxiety Disorder – 7 item anxiety scale.
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Figure 1. Overview of the glucose data of 154 adolescents with type 1 diabetes.

n
= 154

Missing glucose data
n
= 25

Uploaded CGM data
n
= 17*

•
•
•

< 50%:
n
=3
50
-79%:
n
=8
≥ 80%:
n
=4

Uploaded SMBG data
n
= 112†

•
•

< 14 days with
≥ 3 measurements:n= 36
≥ 14 days with
≥ 3 measurements: n
= 75

* Two adolescents did not have glucose values in their upload. † One adolescent did not have blood glucose values in their upload
Abbreviations: CGM, continuous glucose monitor; SMBG, self-monitored blood glucose.

While the SD and CV of glucose values appeared to be higher in the SMBG group than the CGM
group (5.5 versus 4.2, 50.5% versus 44.4%, respectively), ADRR appeared to be lower in the SMBG
group than the CGM group (93.5 and 102.2).
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Table 2. Glucose variability of adolescents with T1D (n=129).
CGM total
group
(n=17) *

CGM
<50%
(n=3)

CGM
50-79%
(n=8)

CGM
≥80%
(n=4)

SMBG total
group
(n=112) †

SMBG ≥14
days, ≥ 3
per day
(n=75)

SMBG
below
cut-off
(n=36)

SD (mmol/L)

4.2±1.0

4.2±1.3

4.1±1.1

4.5±1.1

5.5±1.61

5.3±1.5

5.9±1.7

CV (%)

44.4±7.5

43.8±8.6

43.9±5.8

46.0±11.3

50.5±9.4

49.4±8.9

52.6±10.1

ADRR

102.2±30.0

91.6±30.5

99.0±25.8

116.3±40.1

93.5±33.1

95.9±34.0

88.6±31.0

* Two adolescents did not have glucose values in their upload. † One adolescent did not have blood glucose values in their
upload. Reported are means and standard deviations. Abbreviations: CGM, continuous glucose monitor; SMBG, self-monitored
blood glucose; SD, standard deviation; CV, coefficient of variation; ADRR, average daily risk ratio.

The associations between glucose variability and depressive symptoms
We analyzed whether different measures of glucose variability in the past 3 weeks were
associated with symptoms of depression in the past 2 weeks. The result showed that in the
CGM group, depressive symptoms were not significantly correlated with the SD (τ = -0.127, p=
0.58, BCa 95% CI= -0.728-0.520), the CV (τ = 0.032, p= 0.89, BCa 95%CI= -0.534-0.592), and the
ADRR (τ = 0.095, p= 0.68, BCa 95% CI= -0.455-0.625). In the SMBG group, depressive symptoms
also were not significantly correlated with the SD (τ= 0.035, p= 0.67, BCa 95%CI= -0.121-0.208),
the CV (τ= 0.035, p= 0.67, BCa 95% CI= -0.134, 0.197), and the ADRR (τ= 0.068, p= 0.41, BCa 95%
CI= -0.126-0.250).
The associations between glucose variability and anxiety symptoms
Finally, we studied whether glucose variability in the past 3 weeks was associated with symptoms
of anxiety in the past 2 weeks. In the CGM group, anxiety symptoms were not significantly
correlated with the SD (τ = -0.349, p= 0.13, BCa 95% CI= -0.678-0.40), the CV (τ = -0.17, p= 0.94,
BCa 95% CI= -0.554-0.580), and the ADRR (τ = -0.149, p= 0.52, BCa 95% CI= -0.594-0.226). In the
SMBG group, anxiety symptoms also were not significantly correlated with the SD (τ= 0.079, p=
0.35, BCa 95%CI= -0.076-0.218), the CV (τ= 0.053, p= 0.53, BCa 95% CI= -0.099-0.214), and the
ADRR (τ= 0.096, p= 0.26, BCa 95% CI= -0.064-0.266).

D I SCUSS I O N
In the present study we determined GV over a 3-week period, in adolescents with T1D and
examined whether variability parameters are associated with depressive and anxiety symptoms
in an overlapping 2-week period.
Our results show low and statistically insignificant associations between depressive and anxiety
symptoms with GV. A previous study assessing glucose variability and quality of life in adults
with type 1 diabetes also reported no association, 29 while GV was associated with lower quality
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of life and negative moods in women with T2D.12 There are several studies that underscore the
importance of GV in psychological disease processes. Glucose variability has been related to
risk of hypoglycemia 30 and is implied in inflammation 19 which could augment the risk of
complications. Hence, targeting glucose variability in order to improve medical outcomes is
increasingly being recognized as an additional treatment goal in clinical practice. 31,32

In the remaining group of 129 adolescents with uploaded data, 13% were CGM users. One in
three of these adolescents used their CGM less than 50% of the time, while at least 60% usage
is needed to benefit from CGM use in terms of improvement in HbA1c.33 At least 80% usage is
even more preferable,34 but only 24% of the adolescents using CGM met this criterion in the
present study. In adults, 24% used their CGM device at least half of the time during a one-year
period. 35 Furthermore, 38% of youth with T1D used CGM for more than 75% of the time, although
consistent users were typically younger,36 making parental management of device use more
likely. With regard to the SMBG group, 67% had at least ≥ 14 days with ≥ 3 measurements per
day. However, guidelines recommend more intensive measurements. 31 Our data show that the
use of glucose metrics beyond HbA1c is challenging in adolescents. Not only are data sets
frequently insufficient, in those with sufficient data to calculate these metrics, the mean SD’s
in the present study (4.2 in the CGM group and 5.5 in the SMBG group) were higher than the SD
in Dutch adults with T1D (3.08- 3.13).37 Moreover, the average CV’s were higher than 36% (the
cut-off for unstable glycemia)38 in both the CGM and the SMBG group.
Similarly, the mean ADRR’s all fell in the high risk range (> 40), as defined by Kovatchev et al
(2006)28. SD and CV appeared to be lower in the CGM group than in the SMBG group, although
we did not statistically test the difference given the low number of CGM users. A within-subject
study of 40 children younger than 8 years old reported a statistically significant difference in
the coefficient of variation during CGM use (44%) vs. SMBG (46.1%).39 Patton et al. (2012) also
conducted a within-subject study of young children and reported ADRR to be higher when using
CGM than when not using CGM.40 In our sample, the mean ADRR in the CGM group also appeared
to be higher than in the SMBG group. In general, ADRR seems much higher in our sample (94
and 102) compared with other studies (43-47).40-42 However, these studies focused on young
children, while our sample consisted of adolescents. The greater ADRR in adolescents could be
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The present study has some methodological limitations. Firstly, as a real-life study it is hampered
by lack of data in a number of patients, as 16% of 154 adolescents had not uploaded their
glucose data in the timeframe of interest. They did not differ in any demographic, clinical or
psychological characteristic (except for a longer duration of diabetes and more frequent use of
insulin-pump therapy) or in particular depressive and anxiety symptoms, making it unlikely
that these interfered with the action of uploading. It is more likely that most individuals in this
group did not do an upload for other reasons, e.g. they had had contact with the health care
team before the three-week period.
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reflective of the hormonal changes influencing insulin action,43 but could also be indicative of
the difficulties in strictly following treatment recommendations often seen in teens.5
Some other limitations should be minded when interpreting the results of our study. As we did
not collect data on adolescents who declined participation in Diabetes LEAP, we cannot rule
out selection bias, limiting the generalizability of found results. Furthermore, as these
adolescents were treated in a specialized diabetes center, results may not be directly
generalizable to adolescents from general hospital settings. Also, the GV parameters used in
the present study mainly give insight in the amplitude of glucose excursions, but not the
frequency nor the duration of out-of-range excursions which are also important.9 However,
timing parameters are more suitable for CGM data than SMBG data,10,31 while in clinical practice
most adolescents with T1D self-monitor their blood glucose. It is conceivable that a presumed
effect of GV on a person’s mood and psychosocial status is not evident in a study that focuses
on glucose values in the preceding 3 weeks. It is possible that higher glucose variability in a
longer period (of several years) contributes to depression or anxiety. We also studied a relatively
young sample, and the association might be visible in a sample with longer diabetes duration
(and accumulated damage by hyper- and hypoglycemia). Future studies should address this
in more detail, as glucose metrics beyond HbA1c will become more available and applicable.
Despite these limitations, we feel that the present study provides an important contribution to
the scientific literature. To our knowledge, this is the first study describing GV parameters in
adolescent with T1D in a real-life setting, while also relating GV parameters to depressive and
anxiety symptoms.
In conclusion, where HbA1c has previously been reported to be suboptimal in adolescents with
type 1 diabetes,4 our results show that glucose variability also leaves room for improvement
(irrespective of how glucose is being monitored). Depressive and anxiety symptoms were not
correlated with GV (i.e. SD, CV, and ADRR), but these GV measures mainly describe the amplitude
of glucose excursions. Other aspects of GV could be associated with depressive and anxiety
symptoms and should be addressed in future research.
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A BSTRACT
Aims/hypothesis
This study examines: 1) the trajectories of psychological care for adolescents with type 1
diabetes after feedback to physicians about a newly detected mood and/or anxiety disorder,
and 2) the considerations of pediatricians, adolescents, and parents in deciding a course of
action after detection of a mood or anxiety disorder.
Methods
Participants were adolescents with type 1 diabetes and a recently detected co-morbid anxiety
and/or mood disorder, after a screening procedure using the Diagnostic Interview Schedule for
Children–IV. Pediatricians were notified of the detected disorder(s). Subsequent related actions
(including discussion of results and the decision-making process) up to the one-year follow-up
assessment were extracted from the electronic medical charts as well as assessed with a
questionnaire presented to pediatricians.
Results
Out of 154 adolescents type 1 diabetes, 23 with a recently detected co-morbid anxiety or mood
disorder were included. Information about the disorder was recorded in the charts in only 65%
(n=15) of the cases. Discussion with the adolescent and the parents/caregivers took place in
17% (n=4) of the cases according to the medical records, compared with 43% (n=10) based on
pediatrician-report. According to pediatricians, nine adolescents (39%) received a referral for
further mental health care, mostly after discussion had taken place. Suggestions about mental
health professionals and institutions were mostly made by pediatricians; multiple treatment
modalities were common. The most common reasons for not receiving a referral included
“already receiving treatment” (n=3), or “no need for treatment after careful deliberation” (n=3).
Additional considerations by the pediatrician, but not the adolescent and his/her family/
caregivers were reported.
Conclusions/interpretation
Discrepancies between medical records and pediatrician reported data indicate room for
improvement with regard to registration of screening-detected emotional problems. It is unclear
to which extent this has impacted the emotional well-being of the adolescents, but results of
psychological assessment should be integrated with the complete diabetes care. To support
patient empowerment, feedback to both the adolescent and their pediatrician could be
provided, thereby limiting the effects of possible registration difficulties, while simultaneously
ensuring possible barriers to mental health care can be addressed.
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I N TR O DUCT I O N
Young people with type 1 diabetes (T1D) appeared to be at increased risk for psychiatric
conditions compared with peers without diabetes from the general population.1 Previous
research in this group showed that approximately 30% of those aged 10-22 years had
experienced a (sub)clinical psychiatric disorder at some point during their lifetime,2 while 25%
of those aged 8-18 years met the criteria for a psychiatric disorder at time of evaluation.3 Anxiety
and mood disorders are among the most prevalent co-morbid psychiatric conditions in
adolescents with T1D.3,4 The combination of emotional problems and T1D is complex, as
emotions and blood glucose levels are closely related. Both hyperglycemia and hypoglycemia
have been directly associated with negative mood.5-7

In the clinical guidelines, the International Society for Pediatric and Adolescent Diabetes (ISPAD)
has advocated routine assessment of psychological problems, especially for youth with diabetes
management difficulties.14 Earlier research in adolescents has shown that screening detected
depressive symptoms were indeed positively related to HbA1c at the time of assessment 15 and
even one year after the screening.16 It has been stated that screening for depression does not
appear to be harmful,17 yet systematic research into potential negative effects of mental health
screening is still lacking. Screening also remains controversial as it could lead to over-diagnosis
18
and place unnecessary burden on the scarce health care resources. Even when young people
with T1D received an invitation for further individual psychological assessment after a positive
screening for psychological problems, only a small percentage actually made use of these
services.19 Furthermore, a survey study showed even though health care providers believed
that 13% of children and adolescents with T1D experience depression and 26% experience
anxiety, merely 18% are referred to a mental health specialist.20 Together, these findings suggest
that a positive screen does not automatically indicate a need for additional psychological care,
for example when adolescents prefer to rely on themselves 12 or on informal help (e.g. family
and friends)21 rather than professional mental health care. Moreover, parental attitudes towards
mental health (care) could affect help-seeking behavior of the adolescent.22 However, the
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In turn, anxiety and depression could contribute to suboptimal glucose values by hampering
adequate diabetes self-management.8,9 Symptoms such as low self-esteem, irritability, lower
ability to concentrate, difficulties making decisions or a wish to harm oneself can be important
barriers that negatively impact diabetes self-care tasks. Likewise, shared biological processes
(e.g. HPA-axis dysregulation and elevated cortisol levels) may also play an important role.10
However, anxiety and depression are frequently overlooked or ignored in (busy) clinics, and only
a minority of young people seek or receive professional help for these problems,11 possibly out
of shame or fear of being stigmatized.12 Screening could be a way to facilitate earlier recognition
and subsequent treatment of anxiety and mood disorders in order to improve the emotional
well-being of adolescents with T1D and to avoid persistence of these problems into adulthood.4,13
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(shared) decision-making process of adolescents, their parents/caregiver, and diabetes teams
after recognition of anxiety or mood disorders has not been systematically examined to date.
Therefore, the present study will examine the trajectories of registration, discussion and
allocation of psychological care for adolescents with T1D after the pediatrician has been notified
of screening detected anxiety and/or mood disorders. The study will also explore the
considerations of the pediatrician, adolescent, and parents in deciding whether further action
is needed or not.

M E TH ODS
Research design, procedure, and participants
The present sample included adolescents (12-18 years old) with T1D from the first four
specialized pediatric diabetes clinics (Diabeter), that participated in the Longitudinal study of
Emotional problems in Adolescents with T1D and their Parents/caregivers (Diabetes LEAP).
These adolescents (n=23, 15% of 154 participating adolescents) were selected for the present
study because they had an anxiety or a mood disorder (in the previous year) detected during
the baseline assessment (in 2015- 2016). The screening was conducted using a structured,
diagnostic psychiatric interview. Exclusion criteria for the Diabetes LEAP study were: 1) diabetes
duration < 6 months, 2) insufficient mastery of the Dutch language, 3) moderate to severe
intellectual disability, 4) severe psychosocial circumstances prohibiting participation. All
participants and their parents provided written informed consent at clinic visits. In case of an
anxiety or mood disorder, the result of the diagnostic interview was communicated by the
primary researcher (LN) to the local researchers (PW and HJA), who then contacted the
pediatrician of the adolescent via email or by telephone and referred to the medical chart for
further information regarding the results. The study protocol was approved by the Medical
Research Ethics Committee of Máxima Medical Centre in Veldhoven (NL48232.015.14).
Measures
Anxiety and mood disorders
The Dutch translation of the National Institute of Mental Health Diagnostic Interview Schedule
for Children Version IV (NIMH DISC-IV)23,24 was used to assess whether adolescents met the
diagnostic criteria for an anxiety and/or mood disorder in the past year and/or in the previous
four weeks. Module A encompassed questions assessing social phobia, separation anxiety
disorder, specific phobia, panic disorder, agoraphobia, generalized anxiety disorder, obsessive
compulsive disorder, and post-traumatic stress disorder. Furthermore, based on the questions
in the section assessing specific phobia, an additional section was created and added to assess
phobic fear of hypoglycemia. Module D assessed major depression, dysthymia and (hypo)manic
episodes. Meeting the diagnostic criteria for a disorder was considered a positive screening
result (i.e. an aberrant result).
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Anxiety and depressive symptom severity
At baseline, the Generalized Anxiety Disorder-7 (GAD-7) was used to assess anxiety symptom
severity.25 Adolescents were asked to rate how often they were bothered by the described
symptoms in the past 2 weeks, ranging from ‘Not at all’ (0) to ‘Nearly every day’ (3). Total scores
(range 0 – 21) were obtained by summing the item scores. Person-mean imputation was applied
with a maximum of 1 missing item-score. The estimated Cronbach’s alpha was 0.82.
To examine depressive symptom severity, the 28-item Children’s Depression Inventory-2 (CDI2) was used.26 For each item, the adolescents were asked to choose the statement that best
described how they felt in the past 2 weeks. Reverse-items were recoded and a total score (range
0 – 56) was computed by summing item-scores. Person-mean imputation was applied with a
maximum of three missing item-scores. 26 The estimated Cronbach’s alpha was 0.88.

Furthermore, a short questionnaire was created and presented to pediatricians to (a) verify
whether certain actions had taken place but had not been registered in the electronic medical
chart, and (b) examine the decision process and course of action after the pediatrician was
notified about the positive screen in more detail. Questions assessed e.g. whether the positive
screen was discussed with the family, the reasons for (non)referral, and the treatment offered
when referral took place. The complete questionnaire is presented in Table 1.
Descriptive characteristics
Demographic characteristics (date of birth and sex) and clinical characteristics (insulin therapy
type, date of diagnosis, and most recent HbA1c) were extracted from medical charts. Age was
computed by counting the years between the date of birth and the date of the baseline
assessment; duration of diabetes by counting the years between the date of diagnosis and the
date of the baseline assessment.
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Trajectories of registration, discussion, and allocation of psychological care
For the one-year period between the baseline assessment of Diabetes LEAP and the first followup assessment (or the date of the baseline assessment +1 year, if the adolescent did not
participate in the first follow-up assessment), the following indicators of the care trajectory were
retrospectively reviewed in electronic medical charts, whether: 1) the detection of a mood or
anxiety disorder was registered in the medical record, 2) the results from Diabetes LEAP were
discussed with the adolescent and/or his/her parent(s)/caregiver(s), 3) the adolescent was
referred to a mental health professional, 4) the mental health professional had reported back
to the pediatrician and 5) the adolescent’s health care needs were discussed in multidisciplinary
team meetings. In Diabeter clinics, review in multidisciplinary team meetings (including a
diabetes nurse, diabetes dietician, pediatric diabetologists and a psychologist) when indicated,
is part of regular diabetes care.

CHAPTER 7

Statistical analysis
Descriptive statistics were generated using SPSS version 24.0. For continuous variables, mean
and standard deviation were reported, as well as median and interquartile range.
Table 1. Questionnaire items measuring the care trajectory for anxiety and mood disorders, presented to pediatricians of
adolescents with a positive screening in Diabetes LEAP.

Elevated scores on the XX scale were found in the Diabetes LEAP study for patient NAME,
DATE OF BIRTH, at assessment X on DATE. We would like to inquire about the
subsequent care trajectory, from the moment you were informed about these elevated
scores in the period of DATE ASSESSMENT 1 to DATE ASSESSMENT 2.
1. Were elevated scores communicated with the family?
 YES, in person on date .... .... .... .... - .... .... .... .... - .... .... .... ....
 YES, via telephone or Skype on date .... .... .... .... - .... .... .... .... - .... .... .... ....
 YES, via e-mail on date .... .... .... ....- .... .... .... .... - .... .... .... ....
 No, because
....................................................................................................................................................................................................
2. Was there a referral to another health care provider?

Yes ( Q3) /

NO ( Q4)

3. The patient was referred to:
Organization: .................................................................. Type of care professional: ...............................................................
Date of referral: .................................................................. Date of first appointment: ...............................................................
This care professional was proposed by:  DOCTOR
Which treatment was provided?

 PATIENT

 PARENTS

................................................................................................................................................................

4. The patient did not receive a referral, because– check answer (multiple answers possible):
 After careful deliberation treatment was not deemed necessary.
 Watchful waiting was chosen as course of action.
 The adolescent did not want to be referred/ treated.
 The parents did not want the patient to be referred.
 The patient was already being treated for these complaints at the moment.
 The patient has been treated for these complaints in the past.
 The patient was already being treated for other psychological complaints at the moment.
 Other doctor considerations, namely:.............................................................................................................................................
 Other patient considerations, namely:...........................................................................................................................................
 Other parents considerations, namely:..........................................................................................................................................
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R E SU LTS
Sample characteristics are presented in Table 2. In brief, the sample consisted of 23 adolescents
with T1D, aged 12 to 18 years old, with a co-morbid anxiety and/or mood disorder in the previous
year according to DISC-IV diagnostic interview. The majority (78%) used insulin pump therapy
and the mean HbA1c was 62.8 mmol/mol (standard deviation [SD]=13.3), or 7.9% (SD=1.2%).
The mean anxiety and depression severity scores were 5.2 (SD=3.9) and 10.3 (SD=7.2),
respectively.
Of these 23 adolescents, 96% (n= 22) reported an anxiety disorder and 26% (n=6) had a mood
disorder in the past 12 months. Current (i.e. in the past four weeks) disorders were present in
65% (n=15). The mean anxiety severity in adolescents who had an anxiety disorder in the past
year was 5.2 (SD=4.0), and in the subgroup who had a current anxiety disorder the mean severity
was 5.1 (SD=3.8). The mean depression severity in adolescents who had a mood disorder in the
past year was 14.2 (SD=6.4) and 15.0 (SD=7.1) in the current mood disorder subgroup. Table 3
presents information about the specific anxiety and mood disorders that were found.

Table 2. Characteristics of adolescents with type 1 diabetes with a co-morbid anxiety and/or mood disorder in the previous
year (n= 23).
% (n)

Mean ± SD (median, interquartile range)

Range

15.2 ± 1.8 (14.8; 13.7-17.1)

12 – 18

6.4 ± 3.7 (5.3; 4.2-9.3)

1 – 14

Most recent HbA1c, %

7.9 ± 1.2 (8.0; 7.0-8.4)

6 – 11

Most recent HbA1c, mmol/mol

62.8 ± 13.3 (63.9; 53.0-68.3)

38 – 93

GAD-7 total score

5.2 ± 3.9 (4; 2.8-7.8)

0 - 13

CDI-2 total score

10.3 ±7.2 (10; 3.8-17.3)

0 - 25

Demographic characteristics
Age adolescent (years)
Sex adolescent, girls

57% (13)

Clinical characteristics
Diabetes duration (years)
78% (18)

Optimal HbA1c ISPAD ’14 (<7.5%/58 mmol/mol)

35% (8)

Optimal HbA1c ISPAD ’18 (<7.0%/53 mmol/mol)

22% (5)
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Insulin treatment modality, CSII

Note: Reported are valid percentages. Abbreviations: CSII, Continuous subcutaneous insulin infusion; HbA1c, glycated haemoglobin
A1c; DISC-IV, Diagnostic Interview Schedule for Children – 4th edition.

Medical chart review
The results from the diagnostic interview, that was conducted within the framework of the
Diabetes LEAP study, was mentioned in 65% of electronic medical charts (n=15 of the total
group, of whom 10 had a current disorder). Four charts (17%) explicitly stated that screening
results were discussed with the adolescent and/or their parent(s) and three of these adolescents

237

CHAPTER 7

Table 3. Summary of emotional disorders present in adolescents with type 1 diabetes with anxiety and/or mood disorders (n=23).
Diagnoses

Prevalence
Past 12 months, % (n)

Past four weeks % (n)

96% (22)

65% (15)

Social anxiety disorder

26% (6)

13% (3)

Separation anxiety disorder

0% (0)

0% (0)

Specific phobia

65% (15)

52% (12)

Fear of hypoglycemia

9% (2)

4% (1)

Panic disorder

0% (0)

0% (0)

Agoraphobia

0% (0)

0% (0)

Generalized anxiety disorder

9% (2)

0% (0)

Selective mutism

4% (1)

0% (0)

Obsessive compulsive disorder

22% (5)

13% (3)

Post-traumatic stress disorder

4% (1)

0% (0)

26% (6)

9% (2)

Major depression

13% (3)

4% (1)

Dysthymia

9% (2)

4% (1)

Mania

0% (0)

0% (0)

Hypomania

9% (2)

0% (0)

100% (23)

65% (15)

Anxiety disorders

Mood disorders

Adolescents with a disorder

had current problems. One of these adolescents had an anxiety disorder, two had multiple
anxiety disorders, and one had multiple anxiety disorders and a co-morbid mood disorder.
When only taking the cases into account of which the pediatrician reported to have received
information regarding LEAP diagnostic results, screening results were discussed in 27%.
In total, 13% (n=3, including 2 adolescents whose medical record indicated discussion of LEAP
results) of the adolescents were referred to a mental health professional for the screeningdetected problems and another 22% (n=5, including 1 of the adolescents whose medical record
included discussion of LEAP results) were referred for problems other than the screeningdetected disorders. Almost all (7 out of 8) referrals were made for adolescents who had current
mental health problems. Of the 15 adolescents with current (i.e. in the past four weeks) disorders
7 (47%) were referred to a mental health care provider. The charts included returned mental
health care practitioners’ reports in six cases (26%). Furthermore, six adolescents were reviewed
in multidisciplinary team meetings; however, the reason for review was not always reported.
For three of the adolescents the registration of the multidisciplinary team meeting specifically
mentioned discussion of psychological care. In total, four medical records (17%) did not mention
LEAP results or psychological care whatsoever.
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Care trajectory questionnaires
Figure 1 depicts a flow chart depicting the different stage in the care-trajectories of care after a
screening diagnosed mood or anxiety disorder. The results in this flow chart are based on the
responses of the pediatricians in the questionnaire study. Positive screening results were discussed
with the adolescent and/or their parent(s) in 43% (n=10) of the cases (or 67% when only taking
into account the cases in which the pediatrician reported to have received LEAP results). Out of
these 10 adolescents, 6 had current disorders. Discussion of results was predominantly done in
person (n=7) as opposed to telephone or Skype (n=2) or via e-mail (n=1). For three adolescents,
it is unknown whether or not the results were discussed. In two of these cases, the pediatrician
was uncertain whether the results were discussed. In the third case, the adolescent was transferred
to another pediatrician during the follow-up period, as the original pediatrician left the
organisation, and the new pediatrician could not provide the requested information. The most
common reason given for not discussing positive screens was that results from Diabetes LEAP
were not received (8 of out 10). For five of these cases, further insight in the trajectory of care could
not be provided. Screening results were also not being discussed with the adolescent/family
because the adolescent was already in treatment for psychological problems, or because there
had not been any contact with the adolescent for a long period of time.

With regard to the type of health care professional to whom the adolescents were referred, in
four cases this was a clinical child/youth psychologist. In the other five, the type of mental health
professional was not reported. Referrals were made to mental health professionals within the
diabetes clinic (n=2), a center for child- and youth psychiatry (n=1), a regional youth psychiatric
center (n=1), a clinical diabetes rehabilitation center (n=1), a specialized mental health center
(n=2), and an external psychologist (n=1). For one referral, the center was not reported.
For three referrals it was not reported who proposed the mental health care professional or
institution of choice. In five referrals the doctor proposed the professional or institution; in one
case the family had a preference.
Treatments offered included psychiatric medication (n=1), a combination of individual
appointments with a psychologist and specialized hospital care (n=1), a combination of
specialized hospital care, individual therapy, and family therapy (n=1), and a combination of
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Referrals to mental health services were provided for 9 adolescents in total (39%), of whom the
majority were in the group with whom LEAP results were discussed. Also, almost all (8 out of 9)
referrals were made for adolescents who had current mental health problems. For two of the
adolescents indications included the screening-detected problems. The other seven adolescents
were referred for other reasons (e.g. further diagnosis and treatment while already having
psychological treatment, other psychological difficulties, and problems with the management
of and adjustment to diabetes). One of the referred adolescents later proved to be in treatment
elsewhere.
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• In person: n=7

Referred:
n=7

Discussed:
n=10

• Other doctor’s considerations: n=1

• Already in treatment for other
problems: n=1

• Already in treatment for these and
other problems: n=1

• Other doctor’s considerations: n=1

• No information available: n=5

Not referred:
n=8

• Already in treatment: n=1

• No contact with the adolescent for a
long period: n=1

• No information available: n=1

Referred:
n=2

Not discussed:
n=10

• No information received about
positive screen: n=8

• Already in treatment for these
problems: n=1

Not referred:
n=3

Unclear:
n=3

Figure 1. Overview of the discussion of screening-detected anxiety/mood disorders and the trajectories of care, as reported by pediatricians

• After careful deliberation, treatment
was deemed unnecessary: n=3

Not referred:
n=3

• E-mail: n=1

• Telephone or Skype: n=2

n=23
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psychiatric mediation, individual appointments, and family therapy (n=1). The type of treatment
was not reported for two adolescents. Furthermore, logistic and financial issues interfered with
immediate treatment for two families (of whom one additionally reported fear of care
proceedings when treatment started). Both adolescents eventually received psychological care,
but the type of treatment was not reported. In one other case, treatment was not provided after
diagnosis for unknown reasons.
For the 14 adolescents without a referral to a mental health specialist, the most common
reasons for non-referral were that adolescent was already receiving psychological treatment
(n=3) and that treatment was not deemed necessary after careful deliberation (n=3). Notably,
of the six adolescents who had a mood disorder, two were already being treated for these
problems and two received a referral to mental health care. Other pediatrician considerations
reported were that the screening-detected problem (in this case, a specific phobia of dogs) was
common and not related to diabetes, and in one other case that the adolescent did not know
what they wanted, had problems with managing diabetes was not motivated to take up diabetes
self-care tasks.

D I SCUSS I O N

As the researcher who conducted the diagnostic interviews was not an employee of the
participating centers and therefore unfamiliar to most of the doctors at the centers, we instructed
one or two of the local clinicians involved with the diabetes care team as liaisons to provide
the feedback of aberrant results to the adolescent’s physician. This information was recorded
in medical charts in two thirds of the cases (65%) of whom the majority had presented with
these problems in the previous 4 weeks; In the remaining 35% where recorded information was
lacking from the patient charts, the adolescent’s physician acknowledged not to have received
the feedback. This could either indicate communication issues between the liaisons and
physicians or logistical problems in busy clinical practice. As demonstrated by Eilander et al.
(2016), logistic issues, such as lack of time, are an important barrier in successful implementation
of psychosocial screening.27
With respect to the discussion of the LEAP results with the adolescent and/or his/her family,
there was a discrepancy between a confirmed mentioning in the medical record (17% of total
cases; 27% of cases where the pediatrician reported having received positive screening results)
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In this study of 23 adolescents with T1D with a detected anxiety and/or mood disorder (out of
154 adolescents in total), trajectories of registration, discussion and allocation of psychological
care (including doctor, adolescent, and parent considerations as reported by the pediatrician)
were examined.

CHAPTER 7

and the doctor-reported questionnaires (43% and 67%, respectively). Our findings show that
there is significant room for improvement with regard to registration of positive screening
results, as this information did not always reach the pediatricians or the medical charts (and
thus the adolescent), and whether results were discussed could not always be retraced. In a
previous study, merely 20-30% of adults with diabetes and high distress levels were recorded
as having emotional problems in their medical charts.28 However, this may have been partly
due to difficulties in the recognition of emotional problems in regular clinical practice, whereas
in the present study recognition was determined by screening. Therefore, it seems that issues
regarding unfamiliarity with the feedback logistics and unfamiliarity to the screening results
should be addressed.
Alternatively, results could have been communicated directly to the adolescent and his/her
parents or caregivers with the advice to discuss the results with their diabetes team, thus
bypassing loss of information due to registration issues. Furthermore, providing direct feedback
to the adolescent and his/her parents could promote empowerment of families, by leaving it
up to them to decide whether discussing the results fits their goals and priorities.29 However,
merely informing the adolescent and/or his/her family about the results may not be sufficient,
as possible negative attitudes towards mental illness, lack of understanding regarding mental
illness, or fear of seeking help may pose barriers to discussing the results with the diabetes
team.12 Feedback to both the adolescent and/or his/her family as well as to the pediatrician
may be able to alleviate difficulties on both sides. However, feedback about screening results
alone is not enough to improve depression scores 30 embedding the screening procedure in a
clear referral structure is of utmost importance. Web-based interventions 31,32 may also be offered
as a low-threshold treatment option.
Of the 23 adolescents with an anxiety or mood disorder in the past 12 months, nine were referred
to mental health care services. The majority of this subgroup had had a discussion with their
pediatrician about the screening results, although the reasons for referral were mostly other
than the screening-detected problems themselves. It could be that the discussion of emotional
problems initiated by the pediatrician stimulated the adolescent to discuss other mental health
issues. A similar referral rate (35%) was reported by Fleer et al. (2013) who used questionnaires
instead of a diagnostic interview in sample of adults persons with diabetes, but included
depression (measured with the Center for Epidemiologic Studies- Depression questionnaire)
as well as diabetes-specific distress (measured with the Problem Areas in Diabetes
questionnaire).33 These results suggest that psychological care is not always needed or preferred
after a positive screen in adolescents and adults with diabetes.19,33
Notably, referrals were predominantly made to professionals and institutions outside the
diabetes clinic, possibly indicating the problems were more complex than could be treated in
regular diabetes psychological care. In addition, several hospitals had to change their policies
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The most common reasons for non-referral according to the pediatrician were that the
adolescent was already in treatment or that treatment was not deemed necessary after careful
deliberation, which is cause for optimism. A positive screen may not necessarily mean a need
for (additional) psychological care, although we did not have enough information about
considerations of the adolescent and the parents/caregivers to draw firm conclusions.
As the main aim of Diabetes LEAP was to assess the prevalence of mood and anxiety disorders
in adolescents with T1D, we used a diagnostic interview to detect emotional problems. While
a standardized diagnostic interview approaches the gold standard for the assessment of
psychiatric disorders, conducting such interviews is time-consuming, thus screening in clinical
practice is most often done by short self-reported symptom scales. However, there are some
issues that may limit the value of our instrument as a tool to pick up emotional problems
warranting professional mental health care. As the DISC-IV diagnostic scoring manual does not
include subjective daily life impairment in its scoring algorithm (due to insufficient scientific
validation), the question remains whether these estimates are precise enough. Some
adolescents may have received positive screens for disorders causing minimal perceived
impairment in daily life (e.g. specific shark phobia), hence further treatment was not needed at
time of assessment. However, discussion of the results is needed for insight into whether these
seemingly less troublesome fears hamper a healthy lifestyle or impact the treatment of T1D.
Furthermore, the retrospective one year time span of the instrument may have been too long,
as anxiety and depression may decrease in severity over time without initiating treatment for
some people. 34 Mean anxiety and depression severity scores at time of assessment were below
the cut-off scores of the used questionnaires (≥10 for the GAD-7 25 and ≥14 for the CDI-2).26
However, the results do provide an opportunity for diabetes teams to discuss psychological
well-being with the adolescents, which is advised in clinical guidelines 35 and generally
appreciated.27,36
One of the potential limitations of the present study is recall bias. We retrospectively asked the
pediatricians to report on discussion and the trajectory of care, therefore completeness and
accuracy of information cannot be guaranteed despite best efforts. However, the doctorreported questionnaires did provide us with more information than could be extracted from
medical charts, thus proved to be very valuable. Secondly, we noted that none of the returned
doctor-reported questionnaires stated considerations of the adolescent as reasons for nonreferral (although considerations of the doctor concerning the adolescents were reported).
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on psychological support in the last 5 years as childhood psychological care and support
switched from national healthcare budgets to local municipality budgets, limiting medical
psychology in hospitals. Treatment modalities ranged from individual appointments with a
psychologist to specialized hospital care, although combinations were often reported. Close
collaboration with (specialized) local mental health care organisations/providers seems
important, even when there are in-house psychologists.

CHAPTER 7

It is possible that none of the adolescents had strong opinions on the matter, or that these
opinions were not asked, expressed, or recorded. Whichever reason(s) may be true, a clear
understanding of the adolescent’s perspectives on the matter is apparently lacking. Thirdly, the
participants were included from centers specialized in pediatric diabetes care and research;
results may not be projected to (pediatric) diabetes clinics in general hospitals where diabetes
and/or psychological care could be organized differently. Lastly, as we did not examine medical
charts as to whether adolescents were flagged for psychological problems prior to the baseline
assessment, we cannot conclude with 100% certainty that our screening identified completely
new cases.
Despite these limitations, the present study is, to the best of our knowledge, the first to
systematically map the care trajectories and the clinical decision-making process after screening
detected anxiety and mood disorders in adolescents with T1D. By combining information from
medical charts with doctor-reported information about these youngsters, the study contributes
to greater understanding of considerations in the procedures following screening.
In conclusion, the results of this study suggest that there is room for improvement regarding
the clinical registration and discussion of screening detected anxiety and mood disorders in
adolescents with T1D. Thus, integration of results from psychological assessment in diabetes
care is not optimal at the moment. To support patient empowerment and limit the effects of
registration difficulties, while simultaneously ensuring possible barriers to mental health care
can be addressed, it is likely that informing both the adolescent and their pediatrician in the
case of a positive screen, when a referral structure is in place. In line with ISPAD and other
guidelines, close collaboration with diabetes experienced psychologists within a
multidisciplinary diabetes team and external mental health professionals and institutions is
needed. Given the limitations of the study, future research should also focus on adolescent- and
parent-reported considerations in the process of decision-making regarding psychological care.
Combined with the health care provider perspective, any overlooked discrepancies can be
uncovered and addressed, possibly contributing to better collaborative informed decisionmaking.
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Despite ongoing technological advances in diabetes care, there is still considerable room for
improvement of short- and long-term glycemic outcomes in adolescents with type 1 diabetes
(T1D). Previous studies have suggested that adolescents with T1D are at increased risk for
psychological problems. Furthermore, children with T1D who have to cope with problems such
as anxiety, depression or disturbed eating have less optimal self-care behaviors, higher HbA1c
levels and are at increased risk to develop diabetes complications. As earlier studies had
important methodological limitations, the aim of this dissertation was to determine the
prevalence and course of anxiety and depression, the associated risk factors including parental
distress, the relation with diabetes outcomes (HbA1c and glucose variability), and current care
trajectories after screening detected anxiety and depression. In this final chapter, main findings
will be discussed and implications for future research and clinical practice will be provided.

Ove r v ie w of m ain findings
In chapter 2, a systematic review of the current literature on depression and anxiety in
adolescents with type 1 diabetes was conducted. Out of the 1244 records extracted from PubMed
and Psycinfo databases, 155 studies were included in the systematic review, reporting on 121
unique samples. Only 16 of these samples were adolescent-only (12-18 years). Questionnaire
studies generally yielded the highest prevalence rates of depression (range: 2-54%) and anxiety
(range: 10-38%), followed by interview-based studies with prevalence rates of ranging between
4%-17% for depression and 16%-47% for anxiety. Lowest rates were reported in registry studies
(4-7%). The prevalence of depression and anxiety did not differ between adolescents with T1D
and healthy adolescents or adolescents without diabetes, but symptom severity did appear to
be higher in the T1D group. Evidence of associations between depression or anxiety and HbA1c
is inconclusive, although there is some evidence that depression and anxiety are related to
higher HbA1c when treated as continuous variables. Methodological differences between studies
hinder the ability to summarize the results, indicating the need for a meta-analysis that can
take these differences into account. Furthermore, high quality and prospective studies are
needed to gain a comprehensive understanding of these emotional problems and their relation
with HbA1c.
The empirical data of this dissertation were collected within the framework of the Longitudinal
study of Emotional problems in Adolescents with type 1 diabetes and their Parents/caregivers
(Diabetes LEAP), of which the rationale and the design have been described in Chapter 3. This
two-year prospective cohort study, conducted at Diabeter (5 locations), Albert Schweitzer
hospital, Meander Medical Center, and Diabetes Centraal (St. Antonius Hospital), aims to
examine: i) the prevalence and course of anxiety and depression in adolescents with T1D, ii)
the biopsychosocial risk factors associated with the presence of these problems (with a special
focus on parental distress) , iii) their associations with diabetes outcomes, iv) and the

250

SUMMARY AND GENERAL DISCUSSION

psychosocial care currently in place for these problems. Data collection of Diabetes LEAP started
January 2015 and is still ongoing. Diabetes LEAP is designed as a high-quality study (including
a structured diagnostic interview on three yearly measurement occasions) and will contribute
to better diabetes care by providing a much needed comprehensive view of depression and
anxiety in adolescents with T1D.
In chapter 4, baseline data from Diabetes LEAP were used to examine the prevalence and course
of anxiety and mood disorders in Dutch adolescents with T1D, and to examine biopsychosocial
correlates of symptom severity, including parental general and diabetes-specific distress. Of
171 adolescents, 29% (n=49) reported a “lifetime” anxiety or mood disorder, i.e. from the age
of 5 to the day of the diagnostic interview. The prevalence of anxiety and mood disorders in the
past year was 13% (n=23) and 4% (n=7), respectively. The presence of disorders earlier in life
(from 5 years old up to 12 months prior to assessment) was associated with disorders in the
past 12 months (odds ratio: 4.88). Higher adolescent diabetes distress was related to higher
adolescent symptom severity of anxiety and depression, while demographics, clinical
characteristics and parental general and diabetes-specific distress were not associated. Based
on these results, health care providers are advised to inquire after the history of depression and
anxiety in adolescents with T1D, as this has predictive value for future problems.

In chapter 6, we described glucose variability of adolescents with T1D and the association of
these variability parameters with depressive and anxiety symptoms. Out of 154 adolescents,
16% had missing glucose data. Of the remainder of the sample, the majority self-monitored
blood glucose (SMBG) using a glucose meter (87%) rather than a continuous glucose monitor
(CGM). The mean standard deviation of glucose values was 5.5 ± 1.6 in the SMBG group, and 4.1
± 1.0 in the CGM group. The mean coefficient of variation (CV) was 50.5 ± 9.4% in the SMBG group
and 44.4 ± 7.5% in the CGM group. The mean average daily risk ratio was 93.5 ± 33.1 in the SMBG
group, and 102.2 ± 30.0 in the CGM group. Compared with suggested cut-offs to indicate stability
of glycemia and risk of dysglycemia, glucose variability appeared to be suboptimal in
adolescents with T1D. Neither depressive nor anxiety symptoms were significantly correlated
with the SD, CV, or ADRR in both the SMBG and the CGM group. More research is needed to
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Whether parental anxiety and depressive symptoms are prospectively related to one-year
adolescent health-outcomes (i.e. anxiety symptoms, depressive symptoms, and HbA1c) was
examined in Chapter 5. In contrast to our expectations, baseline parental depressive and anxiety
symptoms were not significantly related to depressive and anxiety symptoms in adolescents
at one-year follow-up. Similarly, parental anxiety and depressive symptoms were not significantly
associated with HbA1c at one-year follow-up, either directly or indirectly via the division of
diabetes responsibilities between parents and the adolescent and treatment behaviors.
Adolescents appeared to be quite resilient in the face of parental emotional problems, possibly
due to unmeasured (biopsychosocial) factors which should be addressed in future research.
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examine whether other parameters of GV (including the timing and duration of glycemic
excursions) and GV over longer periods of time are associated with depression and/or anxiety.
Finally, in Chapter 7 we aimed to gain more insight in the clinical decision-making process of
health-care providers and trajectories of psychosocial care in a group of adolescents with T1D
and a recently detected anxiety or mood disorder, after a diagnostic interview. We compared
parameters extracted from medical charts with retrospective doctor-reported parameters and
concluded that medical record registration of a screening detected anxiety or mood disorder
in adolescents with T1D shows room for improvement. Information regarding positive screens
did not always reach the medical charts and in some cases pediatricians reported to not have
received LEAP results. We also found that positive screens did not always indicate a need for
(additional) psychosocial support. More research is needed into adolescent- and parentreported considerations in the decision-making progress to optimally support informed
decision-making.

M et h o d olo gical and clinical consid erations
Study design
The main aim of Diabetes LEAP was to examine the prevalence and course of mood and anxiety
disorders in adolescents with T1D. Whether T1D diagnosis increases the risk for anxiety and
depression in this group fell beyond the scope of the study, as we did not distinguish between
disorders predating the onset of T1D and disorders that developed after diagnosis. We also did
not include a control group of siblings or matched healthy peers. When comparing lifetime
rates of mood and anxiety disorders in adolescents with T1D (chapter 4) with population-based
rates from the Tracking Adolescents’ Individual Lives Survey (TRAILS),1 mood and anxiety
disorders appear to be somewhat lower in Dutch adolescents with T1D than in Dutch
adolescents from the general population (7% and 26% vs. 17% and 28%). Potential explanations
include: (a) adolescents with T1D regularly consult with their diabetes teams, increasing
opportunities for prevention and early detection, and (b) monitoring of psychosocial well-being
is normalized within diabetes care.
Lifetime anxiety disorders were more prevalent than lifetime mood disorders in adolescents with
T1D (chapter 4), in line with recent European studies,2,3 but contrary to a North American study by
Kovacs et al. (1997) in which mood disorders were more prevalent than anxiety disorders during
a 10-year follow-up period (26% and 20% respectively).4 Although rates are not directly comparable
due to the different time frames used, this difference may be due to advances in diabetes care
over the past decades, possibly alleviating some of the burden for youth with T1D. It might also
reflect cross-cultural differences as a meta-analysis showed the pooled prevalence of depression
of North-Americas studies to be higher than that of European studies. 5
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Study participants
The majority of adolescents (and parents/caregivers) who participated in Diabetes LEAP were
being treated in specialized and centralized diabetes centers, as opposed to pediatric diabetes
clinics in general hospitals, possibly limiting the external validity of the results. Although the
participating clinics have dedicated multidisciplinary teams in accordance to the ISPAD
guidelines. The average HbA1c of the baseline participants in Diabetes LEAP was 7.7% (61 mmol/
mol), with 42% having HbA1c < 7.5% (58 mmol/mol). Maas-Van Schaaijk et al. (2013)11 reported
a higher mean HbA1c of 8.3% in their study of 151 Dutch adolescents with T1D aged 12-18 years
old from general hospitals. However, in the more recent Diabetes in Ontwikkeling-study (DINO),
the mean HbA1c of 171 Dutch 8-15 years olds with T1D from general hospitals as well as
specialized diabetes centers, was 7.8% (62 mmol/mol),12 which is comparable to the mean HbA1c
in our sample. Our findings also seem in line with other European studies with average HbA1c
7.8-7.9% in youth with T1D.3,13 European adolescents generally seem to achieve lower HbA1c
levels (although there are significant differences between countries)14 than youth from other
continents. For example, a North-American study based on the Exchange Clinic Registry reported
a mean HbA1c peaking at 9.2% (77 mmol/mol) in 19 year olds, with merely 17-23% of youth < 18
years old having HbA1c < 7.5%.15 This could be due to several factors, such as healthcare delivery
(differences in how well diabetes guidelines are implemented),16 healthcare insurance (i.e.
insulin and glucose measurement availability,16 and differences in health-care.
Changes in diagnostic criteria and improvement of treatment devices during the study
Diabetes LEAP was conceptualized and funded by the Dutch Diabetes Research Foundations
in 2014 with the data-collection starting in January of 2015. During this period, the Dutch
translation of the Diagnostic and Statistical Manual of Mental Disorders-5 (DSM-5)17 was
published and replaced the use of the Diagnostic and Statistical Manual of Mental Disorders-IV,
Text Revision (DSM-IV-TR)18 in clinical practice. The structured diagnostic interview used in this
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Following the biopsychosocial model of (mental) health,6 we included adolescent, diabetes,
and parent characteristics as possible correlates (chapter 4) or prospective risk factors (chapter
5) of adolescent health outcomes (i.e. HbA1c in chapter 4, and depressive and anxiety symptoms,
and Hba1c in chapter 5). However, we only focused on the parent who reported to be most
involved in diabetes care. This may have introduced some bias. For a more comprehensive and
less biased view of social influences on the adolescent, the role of other family members and
peers should also be taken into account, as they may be especially relevant for adolescents.7
Furthermore, protecting factors promoting resilience (such as positive affect)8 in adolescents
with T1D were not assessed in the present study, but are equally relevant as described in the
balance-model of child development.9 and should be addressed in future research. An innovative
intervention study based on the premises of the “positive psychology approach” (with exercises
in gratitude, self-affirmation, and parental positive affirmations) showed promising results in
adolescents with T1D in terms of improved mood and stress levels.10
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dissertation (DISC-IV) was still based on the DSM-IV classification system as there were no
researched structured interviews for adolescents available based on the DSM-5 at that time.
The most relevant changes in the definition of mood and anxiety disorders are (a) the division
of the general DSM-IV category anxiety disorders into three separate categories: anxiety
disorders, obsessive-compulsive disorders, and trauma and stressor related disorders; (b)
bipolar disorders and depressive disorders are regarded as separate categories, and (c)
disruptive mood dysregulation disorder, premenstrual dysphoric disorder, and persistent
depressive disorder (including what was previously called dysthymia in DSM-IV) are added to
the category of depressive disorders. With the exception of dysthymia, these disorders were
not assessed with the DISC-IV instrument. When comparing anxiety and mood disorder rates
from Diabetes LEAP with DSM-5 based studies, these differences must be kept in mind.
During the data-collection of Diabetes LEAP, diabetes clinical care also advanced. At the start
of the study, monitoring of blood glucose was primarily done using a fingerprick and a
glucometer or by using a real-time continuous glucose monitor. During the study period, the
flash glucose monitor (Freestyle Libre) became more readily available and more common in
clinical practice. We did not systematically ask participants whether they used a flash glucose
monitor, possibly overlooking a clinical parameter.
Treatment of anxiety and depression in adolescents with T1D
Recognizing adolescents with an anxiety or mood disorder who are in need of (additional)
professional psychological care is step one; providing them with the appropriate support and
treatment for these problems is the next. As demonstrated in Chapter 7 positive screens do not
automatically equal a need for further treatment. In some cases, treatment was not deemed
necessary after careful deliberation. Watchful waiting (i.e. careful monitoring of symptom
progression)19 is also a treatment option. Collaboration and a trusting relation between the
diabetes team and the adolescent and his/her family are needed to address preferences and
to alleviate possible barriers to help-seeking.20 This is especially relevant, as mood and anxiety
problems earlier in life are associated with future emotional problems (Chapter 4). Of those
who were referred for treatment for psychological problems, treatment options included
inpatient care, individual psychological treatment, psychiatric mediation, family treatment,
and a combination of the aforementioned. Dutch clinical practice guidelines recommend
cognitive behavioral therapy as the first choice of treatment for anxiety 21 and mild depression.
22,23
For moderate depression, the addition of antidepressant is indicated, while medication is
the first choice of treatment for severe depression.22 A meta-analysis of treatment of depressive
symptoms in adults with diabetes showed that pharmacological treatment has a moderate
effect (-0.467) in terms of symptom reduction (and a small effect in terms of HbA1c reduction),
while the effect of psychotherapeutic interventions combined with diabetes self-management
training on depressive symptoms reduction is large (-0.581).24
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For the psychological treatment of mood disorders and anxiety in youth, clinical guidelines and
structured protocols are available, including (in-person or web-based) individual and group
therapy options, but these do not include diabetes components.25 However, a diabetes-oriented
approach to depression was highly appreciated by people with diabetes undergoing treatment
for depressive symptoms.26 International clinical guidelines 27,28 recommend close collaboration
with psychologists and mental health care providers trained in pediatric diabetes and its
management. Dutch national guidelines do not specifically state that (medical) psychologists
or specialized professionals in child care and development (“orthopedagogen”) need to be
trained in pediatric diabetes.29 Critical information and tools for medical psychologists working
in the field of pediatric diabetes have been described in specific guidelines.30 However, without
proper pediatric diabetes training some issues could easily be overlooked. For example, acute
out-of-range blood glucose levels can cause physical symptoms (e.g. weakness, feeling run
down) and alter mood states (e.g. unhappiness, jitteriness, sadness, anxiety)31,32 which may
complicate the proper diagnosis of psychiatric conditions. Furthermore, as diabetes-specific
distress is associated (and often co-occurs)33 with depressive and anxiety symptoms (chapter
4), the emotional distress picked up by self-report questionnaires including items focusing on
feeling down or feeling nervous could be an expression of the emotional impact of life with T1D
rather than psychopathology.33

Should we screen for emotional problems in adolescents with T1D?
The ISPAD clinical guidelines recommend screening for psychological problems, with extra
attention warranted for adolescents with suboptimal glucose control, those who have a high
healthcare utilization of emergency services, or in case of other social considerations and/or
mental health needs.27 Dutch guidelines for medical psychologists working in the pediatric
diabetes setting recommend annual assessment of risk and resilience factors to facilitate early
detection of psychological problems.30 However, implementation of psychological screening
in clinical practice is difficult, even when the value of these procedures is recognized.34 Factors
such as time constraints, limited reimbursement for psychological care, not knowing which
screening tools should be used, too few mental health professionals available, and the lack of
a clear division of roles and tasks were important barriers to implementation.34 Involving healthcare providers and families with diabetes in the design of a screening procedure seems critical,
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To this end, it could be argued that a “simple diagnosis” aiming to just categorize psychological
problems does not pay enough attention to the complexity of these emotional symptoms in
adolescents with T1D. Explanatory diagnosis done by specialized diabetes psychologists, aiming
to understand why the adolescent is experiencing these difficulties and how they relate to the
condition, is needed to uncover the approach best suited to support these adolescents. Whether
diabetes distress causes depressive and anxiety symptoms in adolescents with T1D, of the other
way around, should be addressed in longitudinal research, although even longitudinal research
cannot ascertain causal relationships, but merely describe associations over time.
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and documenting a clear division of tasks within the teams may increase the chance of
implementation.
As Diabetes LEAP aimed to gain more insight in mood and anxiety disorders, we used the DISCIV interview as diagnostic instrument.35 This instrument approaches, but cannot replace, a
diagnostic consultation with a mental health specialist (e.g. a psychologist or psychiatrist).
Therefore, it was considered as an elaborate screening instrument in our study of clinical care
trajectories after the detection of mood and/or anxiety problems (Chapter 7). However, to
conduct a one hour structured diagnostic interview annually with all adolescents in regular
care seems too rigorous, especially if other measures (and even a single question)36 show validity
in identifying those at risk for depression. The ‘rate your life scale’ could be a good way to open
the conversation about psychological wellbeing, but does not address whether the adolescent
has enough tools to manage these symptoms or if there are mental health care needs. The
subsequent conversation should therefore include these topics. Furthermore, even though we
assessed the trajectory of psychological care following the identification of DISC-IV disorders
(Chapter 7), we did not examine whether emotional problems had already been signaled by
the diabetes team. Therefore, we cannot for certain state whether the use of the DISC-IV
improved the detection rate of depression and anxiety.
How to recruit adolescents and keep them in a longitudinal study?
Given that participation in Diabetes LEAP was completely voluntary conform ethical regulations,
non-response bias may have been an issue. When using a voluntary sampling method, girls,
older adolescents, and those with a higher educational level appear to be overrepresented,
compared with a mandatory sampling method.37 Furthermore, youth in a voluntary sample
tend to engage less in risk behaviors and to have more optimal mental health.37 However,
baseline characteristics of Diabetes LEAP participants (chapter 4) show an almost equal sex
distribution, with a mean age almost in the middle of the target age-range. Bias with regard to
risk behavior and/or mental health cannot be ruled out, as data of non-participants were not
collected. By emphasizing in the invitation material that all adolescents and parents, irrespective
of current psychological difficulties, can add very valuable information to the study, we aimed
to minimize non-response bias.
Nevertheless, recruitment of adolescents in Diabetes LEAP proved to be a challenge, similar to
previous studies of adolescents with T1D.11,12,38 Additionally, the research subject and the
substantial (three research appointments of 1- 1.5 hours over two years) time investment
requested may have been additional barriers for participation. Even though normalization of
mood problems is actively pursued by the Dutch government (particularly in adolescents),39
families may have opted out of participation to avoid anticipated negative stigmatization.20 For
TRAILS, the study was announced by mail (including attractive brochures) and by visiting
schools. Subsequent individual telephone interviews and reminders after two months were
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effective in increasing the recruitment rate.40 Similarly, to increase appeal of participation in
Diabetes LEAP, invitation-letters for adolescents and parents were printed in color, including
logos from the diabetes centers, and made age-appropriate with regard to language use. A
more direct recruitment strategy (e.g. personal contact in waiting rooms or reminders via
telephone) could have increased the participation rate, but was not desirable in this case due
to ethical considerations.
The incentives offered in Diabetes LEAP (i.e. the raffle of tablets in each round of assessment)
were appreciated, evidenced by positive feedback from participants and parents. However,
only three participants per assessment round were actually awarded the tablet computer. More,
but smaller incentives may have been more efficient in keeping adolescents and their families
engaged. In the intervention study by Jaser et al. (2014) the majority of the adolescents were
interested in the study because of the small incentives (either monetary or in the form of small
gifts).10 To minimize loss to follow-up due to logistic and scheduling difficulties, we offered
follow-up assessments through Skype or telephone, which improved study retainment. To keep
families engaged, we also communicated updates of the study in clinic newsletters. For future
projects, study-specific newsletters (containing e.g. study updates, presentations of results at
scientific conferences) and social media communications may promote higher engagement.

To conclude, mood and anxiety disorders are common in adolescents with type 1 diabetes
(14% in the past year). It is important to be aware of the history of psychological problems as
they are strongly related to future difficulties. Mood and anxiety problems in this group should
be seen in light of the medical condition, especially given the association with diabetes-specific
distress. When mood and anxiety problems are detected, discussing the assessment results
can be a way of determining whether there is a need for psychological support and treatment.
A clear referral structure (to both in-house medical psychology care, if available, and specialized
mental health care providers in the region with some knowledge about type 1 diabetes) can
contribute to optimal care for those in need. Furthermore, learning more about and promoting
resilience factors may be an additional way to support more vulnerable adolescents with type
1 diabetes in the future.
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APPENDICES

N E D E R L AN DS E S A ME N VAT T I NG
Su m m a r y in Du tch
Diabetes is een overkoepelende benaming voor verschillende aandoeningen met als
gemeenschappelijke eigenschap hoge bloedglucosewaarden (hyperglycemie, ook wel ‘hypers’
genoemd) als gevolg van een tekort aan en/of onvoldoende werkzaamheid van insuline. 1
Insuline is een hormoon dat wordt aangemaakt door de β-cellen in de alvleesklier en zorgt
ervoor dat glucose uit de bloedbaan kan worden opgenomen in de lichaamscellen. Hoewel
het slechts bij 5-10% van alle mensen met diabetes om type 1 (T1D) gaat, zijn de economische
kosten per persoon hoger dan bij type 2 diabetes.2,3 Wereldwijd hebben meer dan een miljoen
mensen jonger dan 20 jaar T1D en naar schatting zal dit jaarlijks met 132.000 personen
toenemen.4 In Nederland hebben ongeveer 6.700 kinderen en jongeren T1D.4,5
Een van de behandeldoelen van T1D op korte termijn is om acute complicaties te vermijden
door bloedglucosewaarden dichtbij normaalwaarden te houden. Onbehandelde hypers kunnen
leiden tot diabetes ketoacidose (verzuring van het bloed), die fataal kan zijn.6 Ook te lage
bloedglucosewaarden (hypoglycemie, ook wel ‘hypo’s’ genoemd) kunnen ernstige gevolgen
hebben wanneer er niet tijdig wordt ingegrepen.7 Bovendien is het ook voor lange termijn
uitkomsten belangrijk om bloedglucosewaarden binnen het optimale bereik te houden, omdat
aanhoudende hyperglycemie samenhangt met schade aan de kleine en grote bloedvaten
(micro- en macrovasculaire complicaties).8,9 Om onder andere het risico op lange-termijn
complicaties te schatten, wordt het hemoglobine A1c (HbA1c) om de drie maanden gemeten bij
de diabeteskliniek. Het HbA1c geeft een indicatie van de gemiddelde hoeveelheid glucose in
het bloed over de afgelopen drie maanden.10 Eerdere studies hebben aangetoond dat verlagen
van het HbA1c naar waardes die dichtbij de normaal-waardes (van mensen zonder diabetes)
liggen, gunstige effecten heeft op het voorkomen en vertragen van micro- en macrovasculaire
complicaties.8,9 Waardes onder de <7.5% (58 mmol/mol)11 of 7.0% (53 mmol/mol) worden als
optimaal beschouwd.12 Echter, het streven naar een zo laag mogelijk HbA1c moet gebalanceerd
worden met het risico op ernstige hypo’s en de consequenties op de kwaliteit van leven van de
kinderen en jongeren met T1D en hun families.12
De consequenties van het hebben van T1D reiken namelijk verder dan enkel het lichamelijk
welzijn van de persoon met diabetes.13 Diabetes zelf-zorgtaken, symptomen van hypers (veel
dorst hebben en veel plassen, vermoeidheid, misselijkheid, wazig zien) en hypo’s (trillerigheid,
zweten, hartkloppingen, slechte concentratie, duizeligheid), en diabetes-gerelateerde zorgen
kunnen alle domeinen van het leven verstoren 14 zoals het gezinsleven, school, hobby’s, sociale
contacten, en het zelfbeeld.13 Idealiter komen families met T1D en hun behandelteam
(bestaande uit een kinderarts of endocrinoloog, diabetesverpleegkundige, en op indicatie een
diëtist, maatschappelijk werker, en psycholoog) samen tot gebalanceerde behandeldoelen
waarin alle domeinen tot hun recht komen. De verantwoordelijkheid voor het dagelijks naleven
van de gemaakte behandelafspraken ligt echter bij de persoon met T1D (en hun gezin).
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Het managen van de bloedglucose vraagt van families met T1D diabetes verschillende zelfzorghandelingen, waaronder het meerdere keren per dag zelf meten van de glucosespiegel,
tellen van koolhydraten, en rekening houden met andere factoren zoals fysieke inspanning,
stress, of ziekte, om vervolgens de juiste hoeveelheid insuline toe te dienen (met een pen of
met een pomp) op het juiste moment.12
Gezien de complexiteit van de diabetes zelfzorgtaken, ligt de verantwoordelijkheid voor de
uitvoer van deze taken bij jonge kinderen met T1D bij ouders. Echter, van adolescenten wordt
verwacht dat zij tenminste ten dele verantwoordelijk zijn voor hun diabetes management.15
Adolescentie is de ontwikkelingsfase na de kindertijd en voor de (jong)volwassenheid. Tijdens
de adolescentie vinden verschillende hormonale en fysieke, maar ook psychosociale
veranderingen plaats. De meeste adolescenten doorlopen deze ontwikkelingsperiode zonder
ernstige geestelijke gezondheidsproblemen, maar één op de vijf adolescenten ontwikkelt een
psychiatrische stoornis,16 waarbij depressie en angst de meest voorkomende problemen lijken
te zijn.17

Eerder onderzoek heeft ook gevonden dat de aanwezigheid van depressie en/of angst
gerelateerd is aan een hoger HbA1c.25,28 Hoewel HbA1c een belangrijke parameter is om het risico
op lange termijn complicaties te schatten, kent het ook beperkingen. Omdat HbA1c een
gemiddelde waarde is, is in dit getal niet terug te zien of personen last hebben gehad van
hyperglycemie of hypoglycemie, en kunnen mensen met behoorlijk verschillende
glucoseprofielen op eenzelfde HbA1c uitkomen. Gegevens met betrekking tot glucosevariabiliteit
tijdens een bepaalde periode worden daarom steeds belangrijker in zowel onderzoek als de
klinische praktijk.29 Of sterk wisselende glucosewaarden een rol spelen bij het emotioneel
welbevinden (of vice versa) is niet eerder onderzocht bij adolescenten met T1D.
Door het biopsychosociale model toe te passen, kan rekening gehouden worden met
eigenschappen van adolescent, ouder, en diabetes bij de bestudering van depressie, angst, en
diabetes uitkomstmaten binnen deze groep.
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Enkele eerdere studies hebben gesuggereerd dat adolescenten met T1D een verhoogd risico
lopen op psychologische problemen, vergeleken met jongeren zonder diabetes of zonder
chronische ziekte 18,19 Echter, een goed beeld van het voorkomen en de impact van emotionele
problemen bij adolescenten met T1D ontbreekt op dit moment, omdat eerdere studies
verschillende methodologische beperkingen kennen, zoals een beperkte steekproefgrootte
(<100 personen),20-23 gedateerdheid,20,21 data van buiten Europa,21,22 en ontbrekende schattingen
specifiek voor adolescenten.24,25 Tevens is psychopathologie bij ouders eerder niet structureel
meegenomen in onderzoek naar depressie en angst bij adolescenten met T1D, hoewel
onderzoek in de algemene bevolking suggereert dat ouderlijke depressie voorspellend is voor
emotionele problemen bij kinderen.26,27
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D o e l va n dit pro efs chrift
In dit proefschrift wordt onderzocht hoe vaak angst- en stemmingsproblemen voorkomen bij
Nederlandse adolescenten met T1D (prevalentie). Ook wordt onderzocht welke risicofactoren
gerelateerd zijn aan deze problemen, wat de relatie is van emotionele problemen met diabetes
uitkomstmaten (zoals het HbA1c en glucosevariabiliteit), en welke zorg op dit moment wordt
geboden voor deze problemen.

B e l a n g r ijkste bevindingen
In Hoofdstuk 2 hebben wij een literatuuronderzoek uitgevoerd naar de vraag hoe vaak angst en
depressie voorkomen bij adolescenten met T1D. Uit deze studie bleek dat de prevalentie-cijfers
tussen studies varieerden. Vragenlijststudies rapporteerden doorgaans een hogere prevalentie
dan studies die gebruik maakten van een diagnostisch interview. Studies op basis van
databankgegevens lieten een nog lagere prevalentie zien. Verder leek angst vaker voor te komen
dan depressie. Deze klachten bleken niet vaker voor te komen bij jongeren met T1D dan gezonde
jongeren of jongeren zonder diabetes, maar de ernst van de klachten leek wel zwaarder te zijn
bij jongeren met T1D. Of er een samenhang is tussen enerzijds angst of depressie en anderzijds
HbA1c is nog onduidelijk, hoewel er enig bewijs is dat angst en depressie gerelateerd zijn aan
HbA1c wanneer deze als continue variabelen worden gezien. Echter, methodologische verschillen
tussen studies maken het moeilijk om de gevonden studies samen te vatten. Een meta-analyse
is daarom een aangewezen volgende stap, omdat deze rekening kan houden met de onderlinge
verschillen. Ook zijn prospectieve studies van hoge kwaliteit nodig om een beter beeld te krijgen
van de prevalentie en het beloop van emotionele problemen en hun relatie met diabetes
uitkomsten.
De empirische data die gebruikt zijn in dit proefschrift werden verzameld in het kader van een
longitudinale studie over emotionele problemen bij adolescenten met T1D en hun ouders/
verzorgers (Diabetes LEAP), waarvan de rationale en het design zijn beschreven in Hoofdstuk 3.
Dit prospectieve cohortonderzoek met drie metingen met een interview en vragenlijsten over
een looptijd van 2 jaar, werd uitgevoerd bij Diabeter (5 locaties), het Albert Schweitzerziekenhuis,
het Meander Medisch Centrum, en Diabetes Centraal (St. Antoniusziekenhuis) en had als doel
om het volgende te onderzoeken: i) de prevalentie en het beloop van angst en depressie bij
adolescenten met T1D, ii) de bio-psychosociale risicofactoren voor deze problemen (met een
speciale focus op ouderlijk stress), iii) de relatie van emotionele problemen met diabetes
uitkomsten, iv) en de psychosociale zorg die op dit moment wordt geboden voor deze
problemen. De dataverzameling van Diabetes LEAP startte in januari 2015 en loopt nog (april
2019).

264

NEDERLANDSE SAMENVATTING (SUMMARY IN DUTCH)

In Hoofdstuk 4 werd gevonden dat van 171 Nederlandse adolescenten met T1D (die meededen
aan de eerste meting van Diabetes LEAP), 29% (n=49) een angst- of stemmingsstoornis heeft
gehad in de periode vanaf dat zij vijf jaar oud werden tot de dag van het interview. De prevalentie
van angst- en stemmingsstoornissen in het jaar voorafgaand aan het interview was respectievelijk
13% (n=23) en 4% (n=7). De aanwezigheid van stoornissen in de periode vanaf dat zij vijf jaar oud
werden tot 12 maanden voor het interview hing samen met stoornissen in het afgelopen jaar.
Meer diabetes-specifieke stress waren gerelateerd aan ernstigere angst- en depressiesymptomen,
terwijl demografische factoren, klinische factoren en ouderlijke stress hier niet aan gerelateerd
waren. Op basis van deze resultaten is het advies aan zorgverleners, die emotionele problemen
bij jongeren met diabetes willen herkennen, om ook na te vragen of er sprake is van een eventuele
voorgeschiedenis, waarbij een jongere last had van een angst- en stemmingsstoornissen, omdat
dit sterk voorspellend is voor toekomstige emotionele problemen.

In Hoofdstuk 6 hebben wij de glucosevariabiliteit van adolescenten met T1D en de samenhang
van verschillende variabiliteitsparameters met angst- en depressieve symptomen beschreven.
In de groep van 154 adolescenten ontbrak van 16% informatie over glucosewaardes. Van de
resterende groep mat de meerderheid de bloedglucose met een glucosemeter of “vingerprik”
(SMBG) (87%), terwijl een minderheid een continue glucose meter gebruikte (CGM). De
gemiddelde standaarddeviatie (SD) van de bloedglucosewaarden was 5.5 ± 1.6 in de SMBG
groep en 4.1 ± 1.0 in de CGM groep. De gemiddelde coëfficiënt van variatie (CV) was 50.5 ± 9.4%
in de SMBG groep en 44.4 ± 7.5% in de CGM groep. De gemiddelde average daily risk ratio (ADRR,
welke het risico op hyper- en hypoglycemie weergeeft) was 93.5 ± 33.1 in de SMBG groep en
102.2 ± 30.0 in de CGM groep. Vergeleken met eerder voorgestelde afkapwaarden om de
stabiliteit van de glucosewaardes en risico op waardes buiten het optimale gebied te duiden,
lijkt glucosevariabiliteit bij adolescenten met T1D suboptimaal te zijn. Zowel angst- als
depressieve symptomen waren niet gerelateerd aan SD, CV, en ADRR. Meer onderzoek is nodig
om te kijken of andere parameters van GV (rekening houdend met de timing en duur van
glycemische uitschieters) en GV over een langere periode samenhangen met angst en/of
depressie.
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Of ouderlijke angst- en depressieve symptomen prospectief gerelateerd zijn aan
gezondheidsuitkomsten (d.w.z. angstsymptomen, depressieve symptomen, en HbA1c) bij de
adolescent één jaar later werd onderzocht in Hoofdstuk 5. In tegenstelling tot onze verwachtingen
waren ouderlijke angst- en depressieve symptomen tijdens de eerste meting niet gerelateerd
aan angst- en depressieve symptomen bij adolescent bij de tweede meting één jaar later. Ook
waren ouderlijke angst- en depressieve symptomen niet (direct of indirect via de verdeling van
diabetestaken en/of de mate waarin behandelafspraken worden nageleefd) gerelateerd aan
HbA1c één jaar later. Adolescenten lijken weerbaar te zijn in aanwezigheid van ouderlijke
emotionele problemen, mogelijk door ongemeten (biopsychosociale) factoren welke in
toekomstig onderzoek bestudeerd kunnen worden.
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In Hoofdstuk 7 heeft als doel meer inzicht te krijgen in het klinische besluitvormingsproces met
betrekking tot de zorg voor adolescenten met T1D bij wie recentelijk een angst- of
stemmingsstoornis werd gedetecteerd middels een gestandaardiseerd diagnostisch interview.
We vergeleken gegevens uit het medisch dossier met de antwoorden van artsen op een door
ons ontworpen vragenlijst en concludeerden dat er ruimte voor verbetering is wat betreft de
registratie van screening gedetecteerde angst- en stemmingsstoornissen. Informatie over een
positieve screening (d.w.z. de aanwezigheid van een angst- en/of stemmingsstoornis na een
diagnostisch interview) was in 65% van de medische dossiers gedocumenteerd en in sommige
gevallen rapporteerden de artsen dat zij geen resultaten van Diabetes LEAP hadden ontvangen.
We vonden ook dat een positief screeningsresultaat niet per se betekent dat er een hulpvraag
is binnen families, voor (aanvullende) professionele psychologische or psychiatrische zorg.
Meer onderzoek is nodig naar de overwegingen van adolescenten en ouders zelf, om zo optimale
gezamenlijke besluitvorming te ondersteunen.
Tenslotte hebben wij in Hoofdstuk 8 de beperkingen en implicaties van onze studieresultaten
gepresenteerd. Op basis van de studies die beschreven worden in dit proefschrift kunnen wij
helaas geen (definitief) antwoord geven op de vraag of T1D het risico op angst- en
stemmingsstoornissen vergroot bij adolescenten. Onze steekproefgrootte en gebruik van een
gestructureerde diagnostisch interview zijn wel geschikt om een schatting te geven van de
prevalentie van angst- en stemmingsproblemen in deze groep. Ondanks onze intentie om iedere
jongere die in aanmerking kwam voor deelname te includeren, kunnen wij de aanwezigheid
van non-response bias (vertekening van de resultaten als gevolg van structurele verschillen
tussen deelnemers aan het onderzoek en mensen die niet deelnemen aan het onderzoek) niet
uitsluiten. Bij het interpreteren van de resultaten in dit proefschrift dient ook rekening te
gehouden te worden met de veranderingen in definitie van angst- en stemmingsstoornissen
tussen de Diagnostic and Statistical Manual of Mental Disorders-IV (DSM-IV, waarop het door
ons gebruikte gestructureerde diagnostische interview is gebaseerd) en de recente DSM-5. Een
van de sterke punten van dit proefschrift is de biopsychosociale benadering van zowel
emotionele problemen als diabetes uitkomstmaten, waarin ook de psychologische
eigenschappen van de ouder die het meest betrokken is bij de diabeteszorg zijn meegenomen.
Echter, andere personen in de omgeving zouden ook een belangrijke rol kunnen spelen;
aandacht hiervoor wordt aangeraden voor toekomstig onderzoek. Daarnaast is het belangrijk
om ook meer inzicht te verkrijgen in beschermende en veerkracht-versterkende factoren.

Co n c l u s i es en aanbevelingen
De resultaten van dit proefschrift laten zien dat angst- en stemmingsstoornissen veel voorkomen
bij adolescenten met type 1 diabetes. Het is belangrijk om bij adolescenten navraag te doen
naar een mogelijke voorgeschiedenis van psychologische problemen, omdat deze sterk
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voorspellend zijn voor toekomstige emotionele problemen. Symptomen van angst en depressie
dienen daarbij in het kader van de medische aandoening gezien te worden vanwege de
duidelijke samenhang met diabetes-specifieke zorgen. Wanneer angst- en stemmingsstoornissen
opgespoord worden, kan het bespreken van de uitslagen van het onderzoek met de adolescent
en diens ouder(s) door het diabetes team een manier zijn om vast te stellen of er ook sprake is
van een psychologische hulpvraag. Een duidelijk verwijzingssysteem (met zowel interne
psychologische zorgverleners als specialistische geestelijke gezondheidszorgverleners in de
regio met enige kennis van type 1 diabetes) kan bijdragen aan optimale zorg voor de mensen
die daar behoefte aan hebben. Bovendien zou meer kennis over (het versterken van) veerkracht,
een aanvullende ingang vormen om kwetsbare adolescenten met type 1 diabetes in de toekomst
beter te ondersteunen.
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