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Abstract
Background
The daily demands of type 1 diabetes management may jeopardize adolescents’ mental health. We aimed to assess anxiety and depression symptoms by broad-scale, tablet-based outpatient screening in adolescents with type 1 diabetes in Germany.

Methods
Adolescent patients with type 1 diabetes mellitus (n = 2,394; mean age 15.4 y [SD 2.0]; 50.7% male) were screened for anxiety (GAD-7) and depression symptoms (PHQ-9) by self-report questionnaires and linked to clinical data from the DPV patient registry. Logistic regression was used to estimate the contribution of clinical parameters to positive screening results.

Results
Altogether, 30.2% showed a positive screening (score ≥ 7 in either test), and 11.3% reported suicidal ideations or self-harm. Patients with anxiety and depression symptoms were older (15.7 y [CI 15.5–15.8] vs. 15.3 y [CI 15.2–15.4]; p < 0.0001), had higher HbA1c levels (7.9% [CI 7.8-8.0] (63 mmol/mol) vs. 7.5% [CI 7.4–7.5] (58 mmol/mol); p < 0.0001), and had higher hospitalization rates. Females (adjusted odds ratio (aOR) 2.66 [CI 2.21–3.19]; p < 0.0001), patients > 15 years (aOR 1.40 [1.16–1.68]; p < 0.001), who were overweight (aOR 1.40 [CI 1.14–1.71]; p = 0.001), with HbA1c > 9% (> 75 mmol/mol; aOR 2.58 [1.83–3.64]; each p < 0.0001), with a migration background (aOR 1.46 [CI 1.17–1.81]; p < 0.001), or smoking (aOR 2.72 [CI 1.41–5.23]; p = 0.003) had a higher risk. Regular exercise was a significant protective factor (aOR 0.65 [CI 0.51–0.82]; p < 0.001). Advanced diabetes technologies did not influence screening outcomes.

Conclusions
Electronic mental health screening was implemented in 42 centers in parallel, and outcomes showed an association with clinical parameters from sociodemographic, lifestyle, and diabetes-related data. It should be integrated into holistic patient counseling, enabling early recognition of mild mental health symptoms for preventive measures. Females were disproportionally adversely affected. The use of advanced diabetes technologies did not yet reduce the odds of anxiety and depression symptoms in this cross-sectional assessment.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s13034-023-00691-y.
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Abbreviations
	AID
	automated insulin delivery

	CGM
	continuous glucose monitoring

	COACH
	Chronic Conditions in Adolescents: Implementation and Evaluation of Patient-centered Collaborative Health Care

	CSII
	continuous subcutaneous insulin infusion

	GAD
	Generalized Anxiety Disorder Screener

	MDI
	multiple daily injections

	PHQ
	Patient Health Questionnaire

	T1D
	Type 1 Diabetes

	CGM
	continuous glucose monitoring




Introduction
Growing up with type 1 diabetes (T1D) brings daily demands and responsibilities that, alongside the already difficult physical, psychological, and social changes of adolescence, increase the risk of anxiety and depression [1, 2]. There is a bidirectional longitudinal relationship between diabetes control and psychological problems; commonly deteriorating metabolic control during puberty [3] can lead to dissatisfaction and anxiety [4], while in turn, anxiety and depression are associated with insulin resistance and may hinder the consistent implementation of diabetes self-management [5–7]. Advanced diabetes technologies, e.g., automated insulin delivery (AID), may reduce the burden and improve treatment outcomes. However, these technologies still require management, such as constant monitoring of continuous glucose monitoring (CGM) data and rapid reactions in cases of technical alarms, carbohydrate intake, or hypoglycemia, all of which put adolescents under constant stress. Mental health in adolescents with chronic conditions has become a public health priority [8] because of its significant impact on their developmental trajectory, future mental health, long-term metabolic control, and adaptation [9, 10]. As symptoms of anxiety and depression may be nonspecific, unreported, or even kept secret by patients in a standard care setting, targeted screening methods can detect many mental health problems [11]. Although international guidelines have been demanding regular mental health screening for more than a decade [12, 13], it has not yet been implemented in most diabetes centers or incorporated into clinical reality [14]. We aimed to implement a broad-scale, tablet-based screening to assess anxiety and depression symptoms in adolescents with type 1 diabetes in Germany and identify those at risk for mental health problems.
In addition to collecting prevalence data, our focus was on identifying clinical correlates of anxiety and depression symptoms from sociodemographic and diabetes-related data, comorbidities, and lifestyle factors. We hypothesized that a longer duration of illness, beyond remission, may lead to chronic distress. Moreover, we assumed that female sex, a migration background, no use of diabetes technology, and previously diagnosed mental and somatic comorbidities would increase the risk for current anxiety and depression symptoms. Knowledge of risk factors and clinical correlates enables future target-group-specific prevention and intervention measures.

Methods
Subjects
Subjects in this cross-sectional, multicenter observational study were included within the framework of the German COACH Study (Chronic Conditions in Adolescents: Implementation and Evaluation of Patient-centered Collaborative Health Care). Adolescents with T1D, attending their regular scheduled visits at the diabetes clinics, were recruited from institutions participating in the nationwide DPV Registry (German Diabetes Prospective Follow-up Registry; see Supplementary Material 1). Inclusion criteria were age (12–21 years), diagnosis of T1D (> 10 days after manifestation), fluency in the German language to complete the questionnaires, and at least one visit to the diabetes center within the last three months. Patients with previously reported mental health problems were not excluded from this survey. Information on the sampling frame, eligible patients, and participation is given in Fig. 1. The evaluation included patients recruited between February 2019 and May 2022.
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Fig. 1CONSORT flowchart of the study



Questionnaires
We assessed anxiety and depression symptoms during outpatient visits through two self-administered questionnaires on a tablet computer (or with paper and pencil). The GAD-7 (Generalized Anxiety Disorder Screener) is a 7-item survey measuring symptoms of generalized anxiety disorder, and the PHQ-9 (Patient Health Questionnaire) is a 9-item instrument from the Patient Health Questionnaire measuring depressive symptoms. Both questionnaires rate the frequency of symptoms on a 4-point scale (scoring 0–3) during the last two weeks, with higher scores indicating more severe symptoms and maximum scores of 21 and 27 points for the GAD-7 and PHQ-9, respectively. Both tests have high reliability and are frequently used to assess mental health problems among adolescents [15, 16]. By design, we defined a cutoff score of ≥ 7 points in either test to indicate a positive screening result [17, 18]. Results were immediately provided to the treating physician before the patient encounter so that these could be discussed at the appointment.

Clinical data
The results were linked with clinical data that had been recorded in the DPV registry ≤ 3 months before the survey. Sociodemographic data included age, sex, body mass index (BMI), migration background, age at diabetes manifestation, and diabetes duration. Overweight was defined by BMI above the 90th percentile of the reference population [19]. Migration background was determined by the maternal country of origin – when mothers were born outside Germany, Austria, Switzerland, or Luxemburg. Diabetes-related data were HbA1c, treatment regimen (multiple daily injections [MDI], insulin pump [CSII], AID), CGM use, recent hospital admissions, and frequency of ketoacidosis or severe hypoglycemia ≤ 3 months before the survey. HbA1c values from different laboratories were mathematically adjusted to the DCCT (Diabetes Control and Complications Trial) reference range of 4.05–6.05% (20.8–42.6 mmol/mol) for comparison. Target HbA1c was defined as ≤ 7.0% (≤ 53 mmol/mol), and high HbA1c > 9.0% (> 75 mmol/mol). Analyzed comorbidities included the following diagnoses: previous or current clinical diagnosis of depression or anxiety disorder, ADHD, celiac disease, hypothyroidism, Hashimoto’s disease, and detectable thyroid autoantibodies. Due to the low incidence of schizophrenia, borderline personality disorder, and psychosis, we have combined these comorbid disorders for the analysis. Modifiable lifestyle factors included regular participation in sports and smoking.

Statistical analysis
Descriptive statistics are presented as means, standard deviations (SDs), or numbers and percentages. Chi-square tests (for categorical variables) and Kruskal-Wallis tests (for group comparisons) were used to estimate unadjusted differences between male and female patients and those with positive or negative screening results. Two-sided p-values were adjusted for multiple testing using the Bonferroni-stepdown method. Logistic regression was used to estimate the independent contribution of each predictor on depression and anxiety. The relationship between clinical correlates and mental health is described by odds ratios (ORs) with 95% confidence intervals (CIs). Regression models were adjusted for sex, age group (≤ or > 15 years), and diabetes duration (≤ or > 6 years). All p-values < 0.05 were considered significant. Analyses were performed using SAS version 9.4 (build TS1M7, Cary, NC, USA), and graphical illustrations were generated using GraphPad Prism 7.0 software (GraphPad Software, San Diego, CA, USA).


Results
Baseline characteristics
A total of 2,394 adolescents with T1D (50.7% male, mean age 15.4 y [SD 2.0]) from 42 DPV centers were included in the study (Fig. 1: Flowchart). Table 1 depicts the patient characteristics of the cohort, categorized by the screening result. Altogether, 30.2% (n = 723) had a positive screening (defined as a score of ≥ 7 in either test): nearly one-fifth (19.0%, n = 454) reported symptoms of anxiety, 25.9% (n = 620) of depression, and 14.7% (n = 351) of both anxiety and depression. Severe difficulties were reported by 2.4% (n = 57): 1.7% (n = 41) scored ≥ 15 on the GAD-7, and 0.9% (n = 22) scored ≥ 20 on thePHQ-9. The ninth question in the PHQ-9, measuring suicidal ideation or self-harm (PHQ-9, item 9: “Thoughts that you would be better off dead, or of hurting yourself”), was positive in 11.3% (n = 270), with most patients (8.6%, n = 206) selecting “on several days” (score = 1) as their answer. Those with positive screening results were older (15.7 y [15.5–15.8] vs. 15.3 y [15.2–15.4]; p < 0.0001) and had higher HbA1c levels (7.9% [7.8-8.0] (63 mmol/mol) vs. 7.5% [7.4–7.5] (58 mmol/mol); p < 0.0001). In an adjusted model, a positive screening was associated with significantly higher rates of hospitalization (24.6/100 patient-years [18.4–32.9] vs. 16.0/100 patient-years [12.7–20.0]; p = 0.02). Table 2 contains the adjusted odds ratios (aORs) for clinical correlates of positive screening. Patients > 15.0 years, females, and those overweight or obese were more likely to report mental health problems. Those who were obese (BMI > 97th percentile) did not have an additional increased risk compared to those who were between the 90th and 97th BMI percentiles (aOR 0.86 [0.61–1.22]; p = 0.411). Age at diabetes manifestation was similar in patients with positive and negative screening (mean age 9.1 [SD 4.0] vs. 8.9 [4.0] years; p = 1.0). A longer diabetes duration of > 5 years led to a higher likelihood of positive screening results (adjusted for age), while a shorter course of > 1 year did not. A migration background increased the probability of a positive screening (Table 2) and was associated with higher mean screening scores (Fig. 2), but the country of origin (data available for n = 2,120) did not influence the results. Maternal countries of origin were mainly in Europe (n = 1,875; 88.4%), followed by the Middle East/Africa (n = 131; 6.2%; aOR vs. Europe for positive screening 1.33 [0.91–1.95]; p = 0.142), Asia (n = 90, 4.3%; aOR vs. Europe 1.34 [0.84–2.11]; p = 0.217), and others (Australia, the Americas, Canada, n = 24, 1.1%).
Table 1Demographic and clinical variables stratified by screening results for anxiety and depression, unadjusted data


	Variable
	Total
(n = 2,394)
	Screening positive (n = 723)
	Screening negative (n = 1,671)
	p-value

	Sociodemographic data
	 	 	 	 
	Male sex
	50.6% (n = 1,213)
	34.0% (n = 246)
	57.9% (n = 967)
	< 0.0001

	Age, years, mean (SD)
	15.4 (2.0)
	15.7 (2.1)
	15.3 (2.0)
	< 0.0001

	Diabetes duration, years, mean (SD)
	6.4 (4.1)
	6.8 (4.1)
	6.2 (4.1)
	0.011

	Migration background
	20.6% (n = 494)
	25.0% (n = 181)
	18.7% (n = 313)
	0.006

	BMI-SDS, mean (SD) 
(total n = 2,316)
	0.63 (1.03)
	0.75 (1.01)
	0.57 (1.04)
	0.0004

	Overweight, BMI > P90* 
(total n = 2,316)
	26.1% (n = 605)
	31.5% (n = 220)
	23.8% (n = 385)
	0.002

	Diabetes specific data
	 	 	 	 
	HbA1c, mean (SD) [%] 
[mmol/mol]
	7.6 (1.4)
59.5 (14.9)
	7.9 (1.5)
62.9 (16.0)
	7.5 (1.3)
58.0 (14.1)
	< 0.0001

	MDI
	46.1% (n = 1,103)
	44.3% (n = 320)
	46.9% (n = 783)
	1.0

	CSII
	40.2% (n = 963)
	41.1% (n = 297)
	39.9% (n = 666)
	1.0

	AID
	8.3% (n = 199)
	9.1% (n = 66)
	8.0% (n = 133)
	1.0

	CGM
	80.8% (n = 1,934)
	81.5% (n = 589)
	80.5% (n = 1,345)
	1.0

	Severe hypoglycemia 
(≤ 3 months)
	1.2% (n = 28)
	1.5% (n = 11)
	1.0% (n = 17)
	1.0

	Comorbidities
	 	 	 	 
	Previous/current depressive disorder
	3.7% (n = 89)
	8.0% (n = 58)
	1.9% (n = 31)
	< 0.0001

	Previous /current anxiety disorder
	1.6% (n = 38)
	2.8% (n = 20)
	1.1% (n = 18)
	0.026

	Diagnosis of AD(H)D
	3.3% (n = 80)
	5.0% (n = 36)
	2.6% (n = 44)
	0.034

	Diagnosis of schizophrenia, borderline, psychosis
	2.7% (n = 65)
	5.5% (n = 40)
	1.5% (n = 25)
	< 0.0001

	Celiac disease
	6.4% (n = 152)
	6.5% (n = 47)
	6.3% (n = 105)
	1.0

	Hashimoto’s thyroiditis
	7.4% (n = 176)
	9.4% (n = 68)
	6.5% (n = 108)
	0.102

	Hypothyroidism
	9.1% (n = 218)
	9.1% (n = 66)
	9.1% (n = 152)
	1.0

	Thyroid autoantibody 
(total n = 2,097)
	18.4% (n = 385)
	20.5% (n = 130)
	17.4% (n = 255)
	0.796

	Self-harm or suicidal ideations 
(PHQ-9, item 9 ≥ 1)
	11.3% (n = 270)
	32.4% (n = 234)
	2.2% (n = 36)
	< 0.0001

	Lifestyle factors
	 	 	 	 
	Smoking 
(total n = 1,353)
	3.0% (n = 41)
	5.3% (n = 23)
	2.0% (n = 18)
	0.012

	Sports participation
(total n = 1,383)
	58.4% (n = 807)
	50.6% (n = 222)
	62.0% (n = 585)
	0.001


The total number was 2394 unless stated otherwise. Mean (SD), percentage (%), and number or total number (n). *defined by reference data from Kromeyer et al., 2001 [19]. AD(H)D = attention deficit (hyperactivity) disorder



Table 2Clinical correlates of anxiety and depression symptoms, adjusted OR and 95% CI


	 	aOR (adjusted for age, HbA1c, and diabetes duration)
	p

	Sociodemographic data
	 	 
	Female sex
	2.66 (2.21–3.19)
	< 0.0001

	Migration background
	1.46 (1.17–1.81)
	0.0006

	Age > 15 y vs. ≤15 y
	1.40 (1.16–1.68)
	0.0004

	Overweight > 90. percentile vs. ≤90 p
	1.40 (1.14–1.71)
	0.0013

	Diabetes duration > 1 y vs. ≤1 y
	1.18 (0.99–1.42)
	0.073

	Diabetes duration > 5 y vs. ≤5 y
	1.30 (1.08–1.57)
	0.073

	Diabetes control
	 	 
	HbA1c > 7.0–9.0% vs. ≤7.0% [> 53–75 mmol/mol]
	1.66 (1.19–2.12)
	< 0.0001

	HbA1c > 9.0% vs. ≤7.0% [> 75 mmol/mol]
	2.58 (1.83–3.64)
	< 0.0001

	Severe hypoglycemia (last 3 months)
	1.59 (0.72–3.50)
	0.250

	Ketoacidosis (last 3 months)
	0.79 (0.08–7.43)
	0.835

	MDI
	0.97 (0.81–1.18)
	0.781

	CSII
	0.95 (0.79–1.15)
	0.625

	AID
	1.20 (0.87–1.66)
	0.257

	CGM use
	1.08 (0.86–1.36)
	0.508

	Comorbidities
	 	 
	Previous/current clinical diagnosis of depression
	3.95 (2.50–6.26)
	< 0.0001

	Previous/current anxiety disorder
	2.20 (1.13–4.29)
	0.020

	Diagnosis of AD(H)D
	2.81 (1.76–4.47)
	< 0.0001

	Diagnosis of schizophrenia/
borderline/psychosis
	4.24 (2.50–7.19)
	< 0.0001

	Hypothyroidism
	0.81 (0.59–1.11)
	0.196

	Hashimoto’s thyroiditis
	1.19 (0.86–1.66)
	0.291

	Thyroid autoantibodies
	1.00 (0.78–1.27)
	0.980

	Celiac disease
	0.91 (0.63–1.31)
	0.610

	Self-harm/suicidal ideations
	 	 
	PHQ-9, item9, Score = 1
	18.37 (11.39–29.62)
	< 0.0001

	PHQ-9, item9, Score > 1
	41.09 (12.05–140.14)
	< 0.0001

	Lifestyle factors
	 	 
	Smoking
	2.72 (1.41–5.23)
	0.0027

	Sports participation
	0.65 (0.51–0.82)
	0.0003


AD(H)D = attention deficit (hyperactivity) disorder



[image: ]
Fig. 2Differences in adjusted mean PHQ-9 and GAD-7 scores by migration background, smoking status, and sports participation in adolescents with T1D. Bars represent adjusted means and 95% CIs. Legend: GAD-7 = Generalized Anxiety Disorder Scale-7; PHQ-9 = Patient Health Questionnaire-9. ***p < 0.0001; **p < 0.01; *p < 0.05



Diabetes control
Patients with HbA1c above the target range also had an elevated risk of anxiety and depression symptoms (Table 2). A further subdivision into those with elevated HbA1c (> 9-10.5% [75–91 mmol/mol]) and very high HbA1c > 10.5% [> 91 mmol/mol] metabolic control showed no significant difference (aOR 0.93 [0.51–1.70]; p = 0.815). The use of advanced diabetes technologies, such as CGM, CSII, or AID systems, had no significant impact on the screening results in this study (Table 2). Recent severe hypoglycemia also did not increase the likelihood of positive screening. The rate of ketoacidosis did not differ between groups.

Mental and somatic comorbidities
The youths’ current level of anxiety was associated with depressive symptoms (aOR for GAD-7 score ≥ 7 risk for consp. PHQ−9: 18.98 [14.65–24.58]; p < 0.0001) and vice versa (aOR for PHQ-9 score ≥ 7 risk for consp. GAD−7: 19.00 [14.67–24.60]; p < 0.0001). Other psychological comorbidities, such as ADHD, clinically diagnosed depression or anxiety disorders, phobias, schizophrenia, and borderline personality disorder all imposed a significant risk for a positive screening questionnaire. In contrast, somatic comorbidities, such as celiac disease, thyroid autoimmunity, or hypothyroidism, were not associated with anxiety and depression symptoms in this study (Table 2). Adjustment for antidepressant therapy (used by 1.5% (n = 35)) did not lead to statistically significant changes in the results (data not shown).

Lifestyle factors
Figure 2 depicts higher mean screening scores for both questionnaires among smokers and those not engaging in regular physical exercise. The involvement in sports was associated with a lower rate of positive screening results (Table 2); however, the sex-specific analysis revealed that this was only relevant for girls (Fig. 3).
[image: ]
Fig. 3Sex-specific clinical correlates of anxiety or depression symptoms. Legend: Gray triangles represent females, black squares represent males. Bars represent ORs with 95% confidence intervals, adjusted for age, HbA1c, and diabetes duration. ***p < 0.0001; **p < 0.01; *p < 0.05



Sex-specific analysis
Collectively, 40.4% (n = 477) of adolescent females showed a positive screening vs. 20.3% of males (n = 246; aOR 2.66 [2.21–3.19]; p < 0.0001), - with 35.2% of females (n = 416) screening for depression vs. 16.8% of males (n = 204; aOR 2.69 [2.21–3.26]; p < 0.0001), and 26.9% of females (n = 318) screening for anxiety symptoms vs. 11.2% of males (n = 136; aOR 2.91 [2.34–3.63]; p < 0.0001). Signs of self-harm or suicidal ideations (item 9 in the PHQ-9) were reported by 15.8% (n = 187) of females and 6.8% (n = 83) of males (aOR 2.59 [1.97–3.40]; p < 0.0001). The sex-specific analysis of risk factors and clinical correlates for positive screening results is depicted in Fig. 3. Sex-specific analysis revealed two subgroups (in addition to besides those with mental comorbidities) who were disproportionally affected: (i) adolescent males with a migration background (aOR 1.79 (1.30–2.48; p = 0.0004) and (ii) females with HbA1c levels > 9% (aOR 3.08 [1.95–4.86]; p < 0.0001).


Discussion
This is the largest European adolescent T1D cohort systematically screened. Only data from the T1D Exchange in the USA include comparable – but still smaller – numbers (n = 1,714; [20], but results cannot be directly transferred to the European environment, as, e.g., payment for insulin and diabetes supplies is different in the US. We were able to demonstrate the feasibility of regular screening in the outpatient setting and that this could be implemented at 42 different centers in Germany in parallel. The primarily tablet-based screening tool with automatic evaluation and display of results for the treating physician is suitable for the young tech-savvy generation — offering a low threshold of access and could be completed independently and quickly during waiting times in the clinical offices or even from home, without significantly disrupting clinic flow [14]. Tablet-based screening may result in fewer errors due to socially desirable responses, as participants might be more candid with computers; however, more data on adolescents are needed [21]. Screening is the first step to destigmatizing mental health issues [22], but clear guidelines for advice and procedures in the event of minor abnormalities are needed. The previous reluctance regarding the implementation of screening is not only due to the hectic pace of outpatient flow and additional work involved in administering these screenings but also results from practitioners’ insecurities about the management of mildly positive results — e.g., when to refer patients to mental health care — as well as problems with making timely appointments for psychological or psychiatric support. It is an ongoing discussion whether recognizing mild cases is expedient or pathologizing normal adolescent feelings. Additionally, findings may challenge families and diabetes teams, questioning whether they are “truly” coping well with diabetes.
Prevalence of anxiety and depression symptoms
Universal screening uncovers a high prevalence of primarily mild anxiety and depression symptoms, which seems comparable to previous meta-analyses [4–6, 20, 23–28]. Without screening, symptoms would be missed in usual clinical practice, especially in females. The rate reported by the current study (30.2%) is significantly elevated compared to, e.g., the BELLA study in the general adolescent population in Germany, where 10–15% of participants reported anxiety and depression symptoms when assessed with more extensive questionnaires (e.g., CES, DIKJ, SCARED [29]). The increased risk of self-reported symptoms was primarily found in adolescent girls. Specifically, anxiety screening results for adolescent males were similar to those reported by 11 to 17-year-old boys in the general population (11.3% in our study vs. 11.8% [29]). Of note, the reported rate of > 10% for suicidal thoughts and self-harm, twofold higher in females, is still alarming because, in diabetes, self-harm and (indirect) suicide can also be committed through insulin omission and intentional overdose, although reported suicide rates are low [30].

Sociodemographic data and diabetes control
Demography-adjusted logistic regression revealed that being female, older than 15 years, a smoker, overweight, having a migration background, or having other comorbid mood disorders was associated with a higher likelihood of positive screening for anxiety and depression, which is comparable to previous results [6, 31]. A preliminary report on n = 1,023 adolescents by Köstner et al. (2021) had not yet shown a higher age and more inpatient admissions in the positive screening group [23]. Suboptimal HbA1c was associated with a higher likelihood of positive screening, and this association was even stronger in cases of high HbA1c levels. Consistently, various investigators have observed that mental health problems are associated with higher HbA1c [5, 26], with the notable exception of e.g., Matlock et al. (2017) [27]. We did not observe the previously described increased rate of ketoacidosis [20, 28], likely due to limiting our analysis only to incidents occurring in the 3 months prior to screening, where the rate of ketoacidosis was very low (total n = 5). Even with advanced diabetes technologies in a high-income country (> 40% used insulin pumps > 80% CGMS), anxiety and depression symptoms remained high in our cohort. Although studies are inconclusive, CGM use may have different psychological impacts [32]. We could confirm our initial hypothesis that a longer diabetes duration (> 5 years) is associated with positive screening results, which might be the consequence of long-term stress from the burden of a chronic condition, or “diabetes burnout” [33]. Adolescent females with HbA1c levels > 9% and adolescent males with a migration background need special attention to address symptoms of anxiety and depression. Youth with a migration background tend to experience worse medical care and display a higher risk of mental comorbidities, a topic that has been insufficiently studied to date [6, 34, 35].

Comorbidities and lifestyle factors
Only mental comorbidities additionally increased the risk, but somatic comorbidities did not influence screening results, although celiac disease and thyroid disorders have been associated with depression in previous studies [36, 37]. In contrast to many unalterable risk factors, participation in regular supervised physical activity is a modifiable protective factor. In healthy youth, sports participation is negatively associated with anxiety and depression symptoms in both sexes [38, 39] and has only recently been shown to improve HbA1c levels in T1D youth [40]. Still, this is the first study demonstrating a significant association of participation in sports with mental health outcomes in T1D adolescents. Moreover, nonsmoking was associated with a lower risk of anxiety and depression symptoms, although causality remains unclear.

Treatment regimen
Integrated care models considering psychological comorbidities offer a broader, more holistic approach to diabetes care [22]. Experts recommend specialized training for clinicians who treat adolescents with mental health problems and the application of an integrated care model for providing care in the pediatric clinic rather than exclusively referring patients to specialty mental health care [10, 22]. Physicians can start counseling adolescents themselves but require training in appropriate conversation techniques — e.g., motivational interviewing [41]. Most cases are mild and would probably be responsive to early consultation and, e.g., resource-strengthening measures [42]. Interdisciplinary management involving mental health professionals is needed in more severe cases where medication or psychotherapy is warranted [12]. Access to the “gold standard” intervention, cognitive behavioral therapy (CBT), is complicated due to long waiting times of 4–6 months for an appointment [22, 24]. Mental health apps targeting pediatric patients currently still lack quality and evaluation [43] but offer the potential to become a bridge to therapy or even to resolve mild cases in the future, as illustrated in a recent pilot trial on youthCOACHCD, an online depression and anxiety intervention specifically designed for adolescents with chronic diseases [44].

Limitations
Questionnaires can only assess the dimension or a specific symptom but cannot diagnose a disorder per se. Rather, a conspicuous screening result warrants further evaluation, e.g., clinician-rated scales and examination or referral to a trained mental health expert. As the questionnaire was only offered in German, we have a 5–7% lower migration representation in study participants compared to the general German population or the DPV registry. We do not have information on all potential risk factors, such as family characteristics, socioeconomic status, level of education, diet, or other stressful life events. Due to the participants’ young age, the diabetes-associated micro- or macrovascular complication rate was too low to be analyzed. Finally, this cross-sectional analysis could not analyze the trajectories of mental health issues.


Conclusions
Broad-scale, tablet-based outpatient screening of adolescents with type 1 diabetes in 42 centers in Germany uncovered a high prevalence (30.2%) of anxiety and depression symptoms. A holistic view is needed to cover all aspects, as clinical data from each category examined influenced screening outcomes. The use of advanced diabetes technologies did not reduce the odds of anxiety and depression symptoms in this cross-sectional assessment. While there was no association with acute metabolic derangements in the analyzed period of ≤ 3 months, the higher rate of inpatient admissions underlines the health-economic impact of mental health. While most risk factors are inherent, the avoidance of smoking and participation in sports are easily modifiable factors, mitigating the odds of psychological distress. We believe that two subgroups, adolescent girls with HbA1c levels > 9% and boys with a migration background, may also benefit from targeted future prevention campaigns.

Acknowledgements
Special thanks go to A. Hungele and R. Ranz for support and the development of the DPV software and the tablet app for screening (all clinical data managers, Ulm University). R. Ranz organized the COACH project for participants of the DPV Diabetes Registry. The authors thank all participating institutions and all health professionals of the DPV study group (list of centers contributing to this study in the Supplementary Material 1) and all members of the COACH consortium, with particular regard to L. Goldbeck, who initiated the COACH project.

Author contributions
CR, TM, RWH, HB, SD, KM, and PW (COACH consortium) jointly designed and reviewed the study protocol. CR wrote the manuscript. ST and RWH are responsible for data management and analysis. All authors were substantially involved in drafting and revising the manuscript and gave final approval of the submitted version of the manuscript. RWH is the principal investigator of the study and leader of the DPV initiative.

Funding
This study was realized as part of the COACH project, funded by the German Federal Ministry of Education and Research (Bundesministerium für Bildung und Forschung, BMBF), Germany (grant number 01GL1740A), and the DPV initiative is supported by German Center for Diabetes Research (DZD), Munich-Neuherberg, Munich, Germany (grant number 82DZD14E1G).
Open Access funding enabled and organized by Projekt DEAL.

Data availability
Data generated during this study are not publicly available because participants did not agree for their data to be shared publicly. Individual deidentified, anonymized data are available from the authors upon reasonable request (https://​www.​coach.​klips-ulm.​de/​).

Declarations
Ethics approval and consent to participate
This observational study was conducted following the principles of good clinical practice, the Declaration of Helsinki, and current ethical standards. Data are collected within the framework of guideline-based routine care. The DPV initiative obtains anonymized medical routine data and was approved by the University of Ulm institutional review board (IRB approval number: 314/21). In addition, all participating centers have approval from their local IRBs. Consent from patients and parents/legal guardians (depending on the patients’ age) was obtained in the respective centers.

Consent for publication
Not applicable.

Competing interests
The authors report no conflict of interest regarding the subject of this study.


References
	1.
Rapee RM, Oar EL, Johnco CJ, Forbes MK, Fardouly J, Magson NR, Richardson CE. Adolescent development and risk for the onset of social-emotional disorders: a review and conceptual model. Behav Res Ther. 2019;123:103501. https://​doi.​org/​10.​1016/​j.​brat.​2019.​103501.CrossrefPubMed


	2.
Beran M, Muzambi R, Geraets A, Albertorio-Diaz JR, Adriaanse MC, Iversen MM, et al. The bidirectional longitudinal association between depressive symptoms and HbA1c: a systematic review and meta-analysis. Diabet Med. 2022;39:e14671. https://​doi.​org/​10.​1111/​dme.​14671.CrossrefPubMed


	3.
Hermann JM, Miller KM, Hofer SE, Clements MA, Karges W, Foster NC, et al. The transatlantic HbA1c gap: differences in glycaemic control across the lifespan between people included in the US T1D Exchange Registry and those included in the German/Austrian DPV registry. Diabet Med. 2020;37:848–55. https://​doi.​org/​10.​1111/​dme.​14148.CrossrefPubMed


	4.
Stahl-Pehe A, Selinski S, Bächle C, Castillo K, Lange K, Holl RW, Rosenbauer J. Screening for generalized anxiety disorder (GAD) and associated factors in adolescents and young adults with type 1 diabetes: cross-sectional results of a Germany-wide population-based study. Diabetes Res Clin Pract. 2022;184:109197. https://​doi.​org/​10.​1016/​j.​diabres.​2022.​109197.CrossrefPubMed


	5.
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. https://​doi.​org/​10.​1016/​j.​psyneuen.​2016.​04.​019.CrossrefPubMed


	6.
Hong KMC, Glick BA, Kamboj MK, Hoffman RP. Glycemic control, depression, Diabetes distress among adolescents with type 1 Diabetes: effects of sex, race, insurance, and obesity. Acta Diabetol. 2021;58:1627–35. https://​doi.​org/​10.​1007/​s00592-021-01768-w.CrossrefPubMed


	7.
Fernandes BS, Salagre E, Enduru N, Grande I, Vieta E, Zhao Z. Insulin resistance in depression: a large meta-analysis of metabolic parameters and variation. Neurosci Biobehav Rev. 2022;139:104758. https://​doi.​org/​10.​1016/​j.​neubiorev.​2022.​104758.CrossrefPubMed


	8.
Orth Z, van Wyk B. Measuring mental wellness among adolescents living with a physical chronic condition: a systematic review of the mental health and mental well-being instruments. BMC Psychol. 2021;9:176. https://​doi.​org/​10.​1186/​s40359-021-00680-w.CrossrefPubMedPubMedCentral


	9.
McGrady ME, Hood KK. Depressive symptoms in adolescents with type 1 Diabetes: associations with longitudinal outcomes. Diabetes Res Clin Pract. 2010;88:e35–7. https://​doi.​org/​10.​1016/​j.​diabres.​2010.​03.​025.CrossrefPubMedPubMedCentral


	10.
Miller L, Campo JV. Depression in adolescents. N Engl J Med. 2021;385:445–9. https://​doi.​org/​10.​1056/​NEJMra2033475.CrossrefPubMed


	11.
Barry-Menkhaus SA, Stoner AM, MacGregor KL, Soyka LA. Special considerations in the systematic psychosocial screening of youth with type 1 Diabetes. J Pediatr Psychol. 2020;45:299–310. https://​doi.​org/​10.​1093/​jpepsy/​jsz089.CrossrefPubMed


	12.
Delamater AM, de Wit M, McDarby V, Malik JA, Hilliard ME, Northam E, Acerini CL. ISPAD Clinical Practice Consensus guidelines 2018: psychological care of children and adolescents with type 1 Diabetes. Pediatr Diabetes. 2018;19(Suppl 27):237–49. https://​doi.​org/​10.​1111/​pedi.​12736.CrossrefPubMed


	13.
Young-Hyman D, de Groot M, Hill-Briggs F, Gonzalez JS, Hood K, Peyrot M. Psychosocial Care for people with Diabetes: a position Statement of the American Diabetes Association. Diabetes Care. 2016;39:2126–40. https://​doi.​org/​10.​2337/​dc16-2053.CrossrefPubMedPubMedCentral


	14.
Iturralde E, Adams RN, Barley RC, Bensen R, Christofferson M, Hanes SJ, et al. Implementation of Depression Screening and Global Health Assessment in Pediatric Subspecialty Clinics. J Adolesc Health. 2017;61:591–8. https://​doi.​org/​10.​1016/​j.​jadohealth.​2017.​05.​030.CrossrefPubMedPubMedCentral


	15.
Mossman SA, Luft MJ, Schroeder HK, Varney ST, Fleck DE, Barzman DH, et al. The generalized anxiety disorder 7-item scale in adolescents with generalized anxiety disorder: Signal detection and validation. Ann Clin Psychiatry. 2017;29:227–234A.PubMedPubMedCentral


	16.
Nandakumar AL, Vande Voort JL, Nakonezny PA, Orth SS, Romanowicz M, Sonmez AI, et al. Psychometric Properties of the Patient Health Questionnaire-9 modified for major depressive disorder in adolescents. J Child Adolesc Psychopharmacol. 2019;29:34–40. https://​doi.​org/​10.​1089/​cap.​2018.​0112.CrossrefPubMedPubMedCentral


	17.
Allgaier A-K, Pietsch K, Frühe B, Sigl-Glöckner J, Schulte-Körne G. Screening for depression in adolescents: validity of the patient health questionnaire in pediatric care. Depress Anxiety. 2012;29:906–13. https://​doi.​org/​10.​1002/​da.​21971.CrossrefPubMed


	18.
Plummer F, Manea L, Trepel D, McMillan D. Screening for anxiety disorders with the GAD-7 and GAD-2: a systematic review and diagnostic metaanalysis. Gen Hosp Psychiatry. 2016;39:24–31. https://​doi.​org/​10.​1016/​j.​genhosppsych.​2015.​11.​005.CrossrefPubMed


	19.
Kromeyer-Hauschild K, Wabitsch M, Kunze D, Geller F, Geiß HC, Hesse V, et al. Perzentile für den body-mass-index für das Kindes- Und Jugendalter Unter Heranziehung verschiedener deutscher Stichproben. Monatsschrift Kinderheilkunde. 2001. https://​doi.​org/​10.​1007/​s001120170107.Crossref


	20.
Garey CJ, Clements MA, McAuliffe-Fogarty AH, Obrynba KS, Weinstock RS, Majidi S, et al. The association between depression symptom endorsement and glycemic outcomes in adolescents with type 1 Diabetes. Pediatr Diabetes. 2022;23:248–57. https://​doi.​org/​10.​1111/​pedi.​13290.CrossrefPubMed


	21.
Feigelson ME, Dwight SA. Can asking questions by computer improve the candidness of responding? A meta-analytic perspective. Consulting Psychol Journal: Pract Res. 2000;52:248–55. https://​doi.​org/​10.​1037/​1061-4087.​52.​4.​248.Crossref


	22.
Versloot J, Ali A, Minotti SC, Ma J, Sandercock J, Marcinow M, et al. All together: Integrated care for youth with type 1 Diabetes. Pediatr Diabetes. 2021;22:889–99. https://​doi.​org/​10.​1111/​pedi.​13242.CrossrefPubMedPubMedCentral


	23.
Köstner K, Geirhos A, Ranz R, Galler A, Schöttler H, Klose D, Feldhahn L, Flury M, Schaaf K, Holterhus PM, Meissner T, Warschburger P, Minden K, Svenja Temming S, Müller-Stierlin AS, Baumeister H, Holl RW. Anxiety and depression in type 1 Diabetes – first screening results of mental comorbidities in adolescents and young adults of the COACH consortium. Diabetol Und Stoffwechsel. 2021;1589–7922. https://​doi.​org/​10.​1055/​a-1589-7922.


	24.
Rechenberg K, Koerner R. Cognitive behavioral therapy in adolescents with type 1 Diabetes: an integrative review. J Pediatr Nurs. 2021;60:190–7. https://​doi.​org/​10.​1016/​j.​pedn.​2021.​06.​019.CrossrefPubMed


	25.
Alaqeel A, Almijmaj M, Almushaigeh A, Aldakheel Y, Almesned R, Al Ahmadi H. High rate of Depression among Saudi Children with type 1 Diabetes. Int J Environ Res Public Health. 2021. https://​doi.​org/​10.​3390/​ijerph182111714.CrossrefPubMedPubMedCentral


	26.
Rechenberg K, Whittemore R, Grey M. Anxiety in Youth with type 1 Diabetes. J Pediatr Nurs. 2017;32:64–71. https://​doi.​org/​10.​1016/​j.​pedn.​2016.​08.​007.CrossrefPubMed


	27.
Matlock KA, Yayah Jones N-H, Corathers SD, Kichler JC. Clinical and psychosocial factors Associated with suicidal ideation in adolescents with type 1 Diabetes. J Adolesc Health. 2017;61:471–7. https://​doi.​org/​10.​1016/​j.​jadohealth.​2017.​05.​004.CrossrefPubMed


	28.
Galler A, Tittel SR, Baumeister H, Reinauer C, Brosig B, Becker M, et al. Worse glycemic control, higher rates of diabetic ketoacidosis, and more hospitalizations in children, adolescents, and young adults with type 1 Diabetes and anxiety disorders. Pediatr Diabetes. 2021;22:519–28. https://​doi.​org/​10.​1111/​pedi.​13177.CrossrefPubMed


	29.
Sauer K, Barkmann C, Klasen F, Bullinger M, Glaeske G, Ravens-Sieberer U. How often do German children and adolescents show signs of common mental health problems? Results from different methodological approaches–a cross-sectional study. BMC Public Health. 2014;14:229. https://​doi.​org/​10.​1186/​1471-2458-14-229.CrossrefPubMedPubMedCentral


	30.
Robinson M-E, Simard M, Larocque I, Shah J, Nakhla M, Rahme E. Risk of Psychiatric disorders and Suicide attempts in emerging adults with Diabetes. Diabetes Care. 2020;43:484–6. https://​doi.​org/​10.​2337/​dc19-1487.CrossrefPubMed


	31.
Nguyen LA, Pouwer F, Winterdijk P, Hartman E, Nuboer R, Sas T, et al. Prevalence and course of mood and anxiety disorders, and correlates of symptom severity in adolescents with type 1 Diabetes: results from Diabetes LEAP. Pediatr Diabetes. 2021;22:638–48. https://​doi.​org/​10.​1111/​pedi.​13174.CrossrefPubMedPubMedCentral


	32.
Markowitz JT, Pratt K, Aggarwal J, Volkening LK, Laffel LMB. Psychosocial correlates of continuous glucose monitoring use in youth and adults with type 1 Diabetes and parents of youth. Diabetes Technol Ther. 2012;14:523–6. https://​doi.​org/​10.​1089/​dia.​2011.​0201.CrossrefPubMedPubMedCentral


	33.
Helgeson VS. Diabetes burnout among emerging adults with type 1 Diabetes: a mixed methods investigation. J Behav Med. 2021;44:368–78. https://​doi.​org/​10.​1007/​s10865-020-00198-3.CrossrefPubMed


	34.
Scheuing N, Wiegand S, Bächle C, Fröhlich-Reiterer E, Hahn E, Icks A, et al. Impact of maternal country of birth on type-1-Diabetes therapy and outcome in 27,643 children and adolescents from the DPV Registry. PLoS ONE. 2015;10:e0135178. https://​doi.​org/​10.​1371/​journal.​pone.​0135178.CrossrefPubMedPubMedCentral


	35.
Agarwal S, Kanapka LG, Raymond JK, Walker A, Gerard-Gonzalez A, Kruger D, et al. Racial-ethnic inequity in young adults with type 1 Diabetes. J Clin Endocrinol Metab. 2020. https://​doi.​org/​10.​1210/​clinem/​dgaa236.CrossrefPubMedPubMedCentral


	36.
Tittel SR, Dunstheimer D, Hilgard D, Knauth B, Fröhlich-Reiterer E, Galler A, et al. Coeliac Disease is associated with depression in children and young adults with type 1 Diabetes: results from a multicentre Diabetes registry. Acta Diabetol. 2021;58:623–31. https://​doi.​org/​10.​1007/​s00592-020-01649-8.CrossrefPubMedPubMedCentral


	37.
Eckert A, Galler A, Papsch M, Hess M, Holder M, Döing C, et al. Are psychiatric disorders associated with thyroid hormone therapy in adolescents and young adults with type 1 Diabetes? J Diabetes. 2021;13:562–71. https://​doi.​org/​10.​1111/​1753-0407.​13145.CrossrefPubMed


	38.
Guddal MH, Stensland SØ, Småstuen MC, Johnsen MB, Zwart J-A, Storheim K. Physical activity and sport participation among adolescents: associations with mental health in different age groups. Results from the Young-HUNT study: a cross-sectional survey. BMJ Open. 2019;9:e028555. https://​doi.​org/​10.​1136/​bmjopen-2018-028555.CrossrefPubMedPubMedCentral


	39.
McMahon EM, Corcoran P, O’Regan G, Keeley H, Cannon M, Carli V, et al. Physical activity in European adolescents and associations with anxiety, depression and well-being. Eur Child Adolesc Psychiatry. 2017;26:111–22. https://​doi.​org/​10.​1007/​s00787-016-0875-9.CrossrefPubMed


	40.
Huerta-Uribe N, Ramírez-Vélez R, Izquierdo M, García-Hermoso A. Association between Physical Activity, Sedentary Behavior and Physical Fitness and Glycated Hemoglobin in Youth with type 1 Diabetes: a systematic review and Meta-analysis. Sports Med. 2022. https://​doi.​org/​10.​1007/​s40279-022-01741-9.CrossrefPubMed


	41.
Reinauer C, Platzbecker AL, Viermann R, Domhardt M, Baumeister H, Foertsch K, et al. Efficacy of motivational interviewing to Improve Utilization of Mental Health Services among youths with Chronic Medical conditions: a Cluster Randomized Clinical Trial. JAMA Netw Open. 2021;4:e2127622. https://​doi.​org/​10.​1001/​jamanetworkopen.​2021.​27622.CrossrefPubMedPubMedCentral


	42.
Hilliard ME, Hagger V, Hendrieckx C, Anderson BJ, Trawley S, Jack MM, et al. Strengths, risk factors, and resilient outcomes in adolescents with type 1 Diabetes: results from Diabetes MILES Youth-Australia. Diabetes Care. 2017;40:849–55. https://​doi.​org/​10.​2337/​dc16-2688.CrossrefPubMedPubMedCentral


	43.
Domhardt M, Messner E-M, Eder A-S, Engler S, Sander LB, Baumeister H, Terhorst Y. Mobile-based interventions for common mental disorders in youth: a systematic evaluation of pediatric health apps. Child Adolesc Psychiatry Ment Health. 2021;15:49. https://​doi.​org/​10.​1186/​s13034-021-00401-6.CrossrefPubMedPubMedCentral


	44.
Geirhos A, Domhardt M, Lunkenheimer F, Temming S, Holl RW, Minden K, et al. Feasibility and potential efficacy of a guided internet- and mobile-based CBT for adolescents and young adults with chronic medical conditions and comorbid depression or anxiety symptoms (youthCOACHCD): a randomized controlled pilot trial. BMC Pediatr. 2022;22:69. https://​doi.​org/​10.​1186/​s12887-022-03134-3.CrossrefPubMedPubMedCentral




Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Outpatient screening for anxiety and depression symptoms in adolescents with type 1 diabetes - a cross-sectional survey


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/13034_2023_691_Fig3_HTML.png
Odds ratio

Age >15 years ;s .15 )" H_H_H - ¢ boys
Migration background (e ys no) ] H_|'_H * ¢ girls
HbALc >7.0-9.0% [>53-75 mmol/mol] (s 7.0 i
HbA1c >9.0% [>75 mmol/mol] (s ._709%)7 o
Overweight, BMI >90 percentile (s ._g0)7 ’T—’O_'—i *
Self-harm or suicidal ideations (¢ s 10) ] o s
Recent severe hypoglycemia (e s o) ,__'—,’:H
Sports participation (e s no) ] . |_':_|H s . o
ST TS





OEBPS/css/envelope.png





OEBPS/images/13034_2023_691_Fig1_HTML.png
30,996 patients in 47 participating
centers

A

6,092 fulfilling inclusion criteria

A,

A 4

24,904 ineligible,
not fulfilling inclusion criteria

A

2,405 complete questionnaires available

A,

A 4

3,687 excluded,

institution or patients did not
participate, or incomplete
questionnaires

A

2,394 patients included in the study

11 excluded,
no current clinical visit <3 months
before screening






OEBPS/css/sidebar.gif





OEBPS/images/13034_2023_691_Fig2_HTML.png
Score

migration background smoking sports participation

03 PHQ-9
=3 GAD-7

Kk

*k

tH






