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Abstract

The aim of the study was to explore the metabolic characteristics and outcome

parameters in youth with type 1 diabetes and anxiety disorders. HbA1c levels, rates

of severe hypoglycemia, diabetic ketoacidosis (DKA), and hospital admission in chil-

dren, adolescents, and young adults with type 1 diabetes and an anxiety disorder

from 431 diabetes-care-centers participating in the nationwide German/Austrian/

Swiss/Luxembourgian diabetes survey DPV were analyzed and compared with youth

without anxiety disorders. Children, adolescents, and young adults with type 1 diabe-

tes and anxiety disorders (n = 1325) had significantly higher HbA1c (8.5% vs. 8.2%),

higher rates of DKA (4.2 vs. 2.5 per 100 patient-years), and higher hospital admission

rates (63.6 vs. 40.0 per 100 patient-years) than youth without anxiety disorders (all

p < 0.001). Rates of severe hypoglycemia did not differ. Individuals with anxiety dis-

orders other than needle phobia (n = 771) had higher rates of DKA compared to

those without anxiety disorders (4.2 vs. 2.5 per 100 patient-years, p = 0.003) whereas
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the rate of DKA in individuals with needle phobia (n = 555) was not significantly dif-

ferent compared to those without anxiety disorders. Children, adolescents, and young

adults with anxiety disorders other than needle phobia had higher hospitalization

rates (73.7 vs. 51.4 per 100 patient-years) and more inpatient days (13.2

vs. 10.1 days) compared to those with needle phobia (all p < 0.001). Children, adoles-

cents, and young adults with type 1 diabetes and anxiety disorders had worse glyce-

mic control, higher rates of DKA, and more hospitalizations compared to those

without anxiety disorders. Because of the considerable consequences, clinicians

should screen for comorbid anxiety disorders in youth with type 1 diabetes.

1 | INTRODUCTION

Children, adolescents, and young adults with type 1 diabetes appear to

have a higher prevalence of emotional or behavioral problems and men-

tal disorders compared to their peers without type 1 diabetes.1-4 Symp-

toms of depression and anxiety and the corresponding disorders are

the most frequently reported emotional problems and mental com-

orbidities in youth with type 1 diabetes.2,4,5 A meta-analysis by

Buchberger et al. shows that depressive symptoms are prevalent in up

to 30% and symptoms of anxiety are present in up to 32% of children

and adolescents with type 1 diabetes.2 A recent population-based study

from Denmark reports that anxiety disorders are the most common

mental comorbidities in children and adolescents with type 1 diabetes.5

There is conclusive evidence that the risk of poor metabolic outcome is

highly increased in the presence of emotional or behavioral symptoms

and mental disorders.4-6 Numerous studies demonstrate that mental

comorbidities in general are associated with worse glycemic control in

pediatric and adolescent type 1 diabetes.2,4-12 In addition, individuals

with mental comorbidity have an increased risk of hospital admission

due to diabetic ketoacidosis (DKA).5 Moreover, higher rates of severe

hypoglycemia are reported in children, adolescents, and young adults

with emotional problems (e.g. depressive symptoms or depression).13

Studies in youth with anxiety symptoms also demonstrate positive cor-

relations between symptoms of anxiety and poor glycemic con-

trol.6,7,12,14-17 Symptoms of anxiety often accompany poor diabetes

self-management and insufficient coping strategies.6,12 Furthermore,

anxiety symptoms are associated with poor quality of life.6,12 To our

knowledge, no data about other outcome parameters (e.g. rates of

severe hypoglycemia and DKA, and hospital admission rates) in children

and adolescents with type 1 diabetes and anxiety disorders are avail-

able. Besides the lack of knowledge about outcome parameters in type

1 diabetes and anxiety disorders in general, only scarce data are avail-

able about the consequences and sequelae of different subgroups of

anxiety disorders in youth with type 1 diabetes.14 Diagnostic manuals

like the International Statistical Classification of Diseases and Related

Health Problems (ICD) describe the diagnostic criteria for the different

anxiety disorders. Anxiety disorders according to ICD version 10 (ICD-

10) are divided into the main categories 'phobias (i.e. agoraphobia, social

phobia, and specific phobias including needle phobia)', 'panic disorders',

and 'generalized anxiety disorder'. Despite the fact that fear of needles

and needle phobia appear to be very common in children, adolescents,

and young adults with type 1 diabetes, only sparse data are available

about the impact of needle phobia on glycemic control and other out-

come parameters in youth with type 1 diabetes.14-20 The prevalence of

fear of self-testing, fear of injections in multiple injection therapy or fear

of changing infusion-sites in insulin pump therapy ranges from 10% to

30% in individuals with type 1 diabetes up to the age of

21 years.14,19,20 In children with newly diagnosed type 1 diabetes, prev-

alence of fear with injections was even higher, with 41% exhibiting fear

associated with insulin injections and 32% reporting fear associated

with fingersticks.18 In that study, Howe et al. described an improvement

of fear and distress with needles after 6 to 9 months compared to the

time at diagnosis of type 1 diabetes.18 Extant literature of needle pho-

bia and glycemic control is controversial.14,18-20 Some studies fail to

show significant associations between fear of self-testing or self-

injecting and HbA1c levels.18,19 In contrast, other studies report sub-

optimal glycemic control in youth with more intense fear of needles or

in children with protest and poor cooperation with injections.18,20

Therefore, our objective was to describe the clinical and meta-

bolic characteristics and outcome parameters in youth with type 1 dia-

betes and anxiety disorders, as well as in the subgroup of youth with

needle phobia. We hypothesized that outcome parameters are worse,

e.g. that HbA1c levels, rates of DKA and severe hypoglycemia, and

hospital admission rates are higher in children, adolescents, and young

adults with type 1 diabetes and an anxiety disorder compared to

those without anxiety disorders. Furthermore, our hypothesis was

that individuals with needle phobia have worse glycemic control,

higher rates of DKA and more hospitalizations compared to those

with other anxiety disorders. Therefore, we aimed to explore the

associations between anxiety disorders, needle phobia and glycemic

control, and also between the presence of anxiety disorders, needle

phobia and diabetes-specific acute complications (e.g. rates of severe

hypoglycemia and DKA, and hospital admission rates).

2 | METHODS

Within the prospective computer-based multicenter diabetes survey

'Diabetes Prospective Follow-up' (DPV), clinical and laboratory data of

persons with type 1 diabetes were recorded in diabetes-care centers
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in Germany, Austria, Switzerland, and Luxembourg. Data were pro-

vided by physicians and health care professionals and derived from

inpatient and outpatient medical records. Approval from the ethics

committee of Ulm University for data collection and anonymous anal-

ysis was obtained. Overall, 75,258 children, adolescents and young

adults with type 1 diabetes aged ≤20 years with a diabetes duration

of more than 1 year from 1995 until June 2019 from 431 participating

diabetes-care centers were included in the analysis. Parameters age,

sex, migratory background, diabetes duration, body mass index stan-

dard deviation score (BMI SDS), type of insulin therapy (multiple daily

injections or insulin pump treatment), HbA1c, severe hypoglycaemias,

episodes of DKA, number of hospital admissions, and length of hospi-

tal stay were recorded. Data were aggregated and analyzed in the

patients' most recent treatment year. Migratory background was

defined as the place of birth of the patient or one or both parents in a

country other than Germany, Austria, Switzerland, or Luxembourg.

BMI SDS was calculated using the national KiGGS (German Health

Interview and Examination Survey for Children and Adolescents) ref-

erence data in Germany21 and Cole's method.22 HbA1c values were

measured locally and standardized mathematically to the Diabetes

Control and Complications Trial (DCCT) reference range of

4.05–6.05% (21–43 mmol/mol) using the multiple of the mean

(MOM) method.23 Median HbA1c for each subject during the most

recent treatment year were calculated. Severe hypoglycemia's (hypo-

glycemia with loss of consciousness or seizure or requiring assistance

from another person to actively administer carbohydrates, glucagon,

or intravenous glucose) and episodes of DKA (pH <7.3 and/or bicar-

bonate <15 mmol/mol) were defined according to the guidelines of

International Society for Pediatric and Adolescent Diabetes

(ISPAD).24,25 Rates of severe hypoglycemia, DKA, and hospital admis-

sion rates were presented as events per 100 patient-years. Length of

inpatient care was presented per patient-year. The database was

searched for the diagnosis of anxiety disorders including generalized

anxiety disorders, social phobias, panic disorders, specific phobias

(including needle phobia), selective mutism, and obsessive–

compulsive disorders according to the ICD-10 GM (International Sta-

tistical Classification of Diseases and Related Health Problems, 10th

revision, German Modification) classification. Because of their over-

lapping symptoms, obsessive–compulsive disorders were also

included into the search. Diagnosis of an anxiety disorder was based

on ICD-10 GM codes and no additional surveys or questionnaires

asking for symptoms or signs of anxiety or phobia were done.

TABLE 1 Characteristics of the children, adolescents, and young adults with type 1 diabetes with and without anxiety disorders

total with anxiety disorders without anxiety disorders p

Number 75,258 1325 73,932 -

Age (years)a 16.4 (13.1; 17.7) 16.4 (13.9; 17.6) 16.4 (13.1; 17.8) 0.61b

Sex ratio (male/female) 53% / 47% 44% / 56% 53% / 47% <0.001c

Migratory background 17% 18% 17% 0.56c

Diabetes duration (years)a 6.0 (3.3; 9.4) 6.8 (4.0; 10.1) 6.0 (3.3; 9.4) <0.001b

BMI SDSa +0.36 (−0.25; +0.95) +0.37 (−0.32; +1.02) +0.36 (−0.25; +0.95) 0.75 b

Insulin pump treatment 41% 60% 40% <0.001c

HbA1c (mmol/mol)a

(%)a
62.7 (54.0; 74.7)

7.9 (7.1; 9.0)

64.8 (56.0; 77.9)
8.1 (7.3; 9.3)

62.7 (54.0; 74.7)
7.9 (7.1; 9.0)

<0.001b

Rate of episodes of DKA

(per 100 patient-years)d
2.5 (2.4; 2.7) 3.9 (2.9; 5.3) 2.5 (2.4; 2.6) 0.004e

Rate of severe hypoglycemia (per 100 patient-years)d 12.8 (12.4; 13.3) 10.3 (8.0; 13.3) 12.9 (12.5; 13.3) 0.09 e

Hospital admission rate

(per 100 patient-years)d
41.8 (41.4; 42.3) 64.5 (60.5; 68.7) 41.4 (41.0; 41.9) <0.001f

Length of hospital stay

(days per patient-year)g
11.9 (11.9; 12.0) 13.8 (13.5; 14.1) 11.9 (11.8; 11.9) <0.001f

Mental comorbidities

Depression

Eating disorder

ADHDh

2%

1%

3%

21%
4%

9%

2%
1%

3%

<0.001 c

<0.001 c

<0.001 c

aData expressed as median (lower quartile; upper quartile).
bWilcoxon-test for comparison of subjects with versus without anxiety disorders, adjusted for multiple testing applying the Bonferroni stepdown method.
cX2-test for comparison of subjects with versus without anxiety disorders, adjusted for multiple testing applying the Bonferroni stepdown method.
dData expressed as estimated rate per 100 patient-years (95% confidence interval).
eNegative-binomial model for comparison of subjects with versus without anxiety disorders.
fPoisson model for comparison of subjects with versus without anxiety disorders.
gData expressed as mean (95% confidence interval).
hAttention deficit hyperactivity disorder.

Bold values in the last column indicate that p < 0.05
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Needle phobia according to ICD-10 GM is defined as extreme or

irrational fear or as avoidance of particular objects or situations, in

this case needles, injections, or changing infusion-sites in insulin

pump therapy. Needle phobia is associated with several anxiety

symptoms, for example vegetative symptoms (like palpitations,

sweating, or tremor), shortness of breath, nausea, dizziness,

lightheadedness, or unsteadiness. The anxiety symptoms or the

avoidance of the particular objects or situations result in intense

emotional distress for the individual with needle phobia. Individuals

with type 1 diabetes and anxiety disorders were subsequently

divided into the group 'needle phobia' and the group 'anxiety disor-

der other than needle phobia'. Additionally, the database was

searched for the diagnoses of depression, eating disorders, attention

deficit hyperactivity disorders, autism spectrum disorders, and

schizophrenia according to the ICD-10 GM classification.

3 | STATISTICAL ANALYSIS

We used SAS 9.4 statistic software for data evaluation and statistical

analysis (SAS Institute, Cary, NC, USA). Descriptive and unadjusted data

are presented as median with lower and upper quartiles, outcomes

from regression models as least-square means with 95% confidence

intervals. Wilcoxon's rank sum test was performed for unadjusted com-

parisons of age, diabetes duration, BMI SDS, and HbA1c between sub-

jects with anxiety disorder and subjects without anxiety disorder. X2-

TABLE 2 Comparison of children, adolescents, and young adults with type 1 diabetes with versus without anxiety disorders, adjusted for age,
sex, diabetes duration, migratory background, type of insulin therapy, and treatment year

with anxiety disorders (n = 1325) without anxiety disorders (n = 73,932) p

BMI SDS a +0.29 (+0.24; +0.34) +0.33 (+0.32; +0.34) 0.09 b

HbA1c (mmol/mol) a

(%) a
69.7 (68.7; 70.7)

8.5 (8.4; 8.6)

66.3 (66.2; 66.5)

8.2 (8.2; 8.2)

<0.001 b

Rate of episodes of DKA

(per 100 patient-years) c
4.2 (3.1; 5.7) 2.5 (2.4; 2.6) <0.001 d

Rate of severe hypoglycemia (per 100

patient-years) c
10.9 (8.4; 14.1) 12.4 (12.0; 12.8) 0.35 d

Hospital admission rate

(per 100 patient-years) c
63.6 (59.7; 67.9) 40.0 (39.6; 40.5) <0.001 e

Length of hospital stay

(days per patient-year) a
13.6 (13.3; 13.9) 11.6 (11.6; 11.6) <0.001 e

aData expressed as estimated mean (95% confidence interval).
bLinear regression model adjusted for age, sex, diabetes duration, migratory background, type of insulin therapy, and treatment year.
cData expressed as estimated rate per 100 patient-years (95% confidence interval).
dNegative-binomial model adjusted for age, sex, diabetes duration, migratory background, type of insulin therapy, and treatment year.
ePoisson model adjusted for age, sex, diabetes duration, migratory background, type of insulin therapy, and treatment year.

Bold values in the last column indicate that p < 0.05

TABLE 3 Comparison of children, adolescents, and young adults with type 1 diabetes with versus without anxiety disorders, adjusted for age,
sex, diabetes duration, migratory background, type of insulin therapy, treatment year, and depression

with anxiety disorders (n = 1325) without anxiety disorders (n = 73,932) p

BMI SDSa +0.28 (+0.23; +0.33) +0.33 (+0.32; +0.34) 0.06b

HbA1c (mmol/mol)a

(%)a
68.2 (67.2; 69.2)
8.4 (8.3; 8.5)

66.4 (66.2; 66.5)
8.2 (8.2; 8.2)

<0.001b

Rate of episodes of DKA

(per 100 patient-years)c
3.2 (2.4; 4.5) 2.4 (2.3; 2.6) 0.09d

Rate of severe hypoglycemia (per 100 patient-years)c 10.3 (8.0; 13.3) 12.3 (11.9; 12.8) 0.17d

Hospital admission rate

(per 100 patient-years)c
53.3 (49.8; 56.9) 39.8 (39.4; 40.3) <0.001e

Length of hospital stay

(days per patient-year)a
12.1 (11.9; 12.4) 11.5 (11.5; 11.5) <0.001e

aData expressed as estimated mean (95% confidence interval).
bLinear regression model adjusted for age, sex, diabetes duration, migratory background, type of insulin therapy, treatment year, and depression.
cData expressed as estimated rate per 100 patient-years (95% confidence interval).
dNegative-binomial model adjusted for age, sex, diabetes duration, migratory background, type of insulin therapy, treatment year, and depression.
ePoisson model adjusted for age, sex, diabetes duration, migratory background, type of insulin therapy, treatment year, and depression.

Bold values in the last column indicate that p < 0.05
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test was used to compare sex, migratory background, and use of insulin

pump treatment between groups. Bonferroni stepdown method

(Holm method) was used to adjust p-values for multiple testing in

unadjusted comparisons. Negative-binomial models were applied to cal-

culate and compare rates of severe hypoglycemia and DKA, Poisson

models for hospital admission rates and length of hospital stay in indi-

viduals with anxiety disorder vs. without anxiety disorder with individ-

ual time under risk as offset. Linear regression models for the adjusted

comparison of HbA1c levels and BMI SDS between the groups 'with

anxiety disorders', 'with needle phobia', 'with other anxiety disorders

(needle phobia excluded)', and 'without anxiety disorders' were calcu-

lated. All models were adjusted for age group (≤/>16 years), sex, diabe-

tes duration group (≤/>5 years), migratory background (yes, no), type of

insulin therapy (insulin pump, multiple daily injections), and treatment

year (5-year intervals). We calculated a trend model for the effect of

diabetes duration on HbA1c in the group of children with and without

anxiety disorder adjusting for repeated measurements of individuals.

We used an autoregressive covariance structure considering measure-

ments that are closer to each other more strongly correlated than mea-

surements that are further apart. For the calculation of degrees of

freedom, we used the between-within method. The model was

adjusted for age group, sex, migratory background, type of insulin ther-

apy, and treatment year. Further regression modeling was performed in

a similar way but adjusting for depression as well. Additionally, sensitiv-

ity analysis was done, comparing youth with anxiety disorders and

F IGURE 1 HbA1c in relation to diabetes duration in children,
adolescents, and young adults with type 1 diabetes and with vs without
anxiety disorders. Legend HbA1c levels (estimated mean of annual
means, with 95% confidence interval) depicted over diabetes duration
(divided into yearly intervals) in youth with type 1 diabetes and with
anxiety disorders (dashed line) vs without anxiety disorders (solid line),
adjusted for age, sex, diabetes duration, migratory background, type of
insulin therapy, and treatment year. Mean HbA1c levels were
significantly higher in the group of youth with anxiety disorders

(dashed line) compared to the group of youth without anxiety disorders
(solid line) and increased with diabetes duration in both groups

TABLE 4 Comparison of children, adolescents, and young adults with type 1 diabetes with either needle phobia or other anxiety disorders
versus without anxiety disorders, adjusted for age, sex, diabetes duration, migratory background, type of insulin therapy, and treatment year

without anxiety disorders
(n = 73,932)

with needle
phobia (n = 555) p

with other anxiety
disorders (n = 771) p

BMI SDS a +0.33 (+0.32; +0.34) +0.24 (+0.17; +0.32) 0.03 b +0.31 (+0.25; + 0.38) 0.58 c

HbA1c (mmol/mol) a

(%) a
66.3 (66.2; 66.5)

8.2 (8.2; 8.2)

68.3 (66.7; 69.8)

8.4 (8.3; 8.5)

0.01 b 70.5 (69.2; 71.8)

8.6 (8.5; 8.7)

<0.001c

Rate of episodes of DKA

(per 100 patient-years) d
2.5 (2.4; 2.6) 3.2 (1.9; 5.5) 0.35 e 4.5 (3.1; 6.7) 0.003 f

Rate of severe hypoglycemia

(per 100

patient-years) d

12.4 (12.0; 12.8) 9.8 (6.4; 14.9) 0.28 e 11.8 (8.4; 16.4) 0.76 f

Hospital admission rate

(per 100 patient-years) d
40.0 (39.5; 40.4) 46.8 (41.7; 52.5) 0.008 g 74.6 (68.9; 80.8) <0.001 h

Length of hospital stay

(days per patient-year) a
11.6 (11.6; 11.7) 11.4 (11.0; 11.9) 0.38 g 14.7 (14.4; 15.1) <0.001 h

aData expressed as estimated mean (95% confidence interval).
bLinear regression model for comparison of subjects with needle phobia versus without anxiety disorders adjusted for age, sex, diabetes duration,

migratory background, type of insulin therapy, and treatment year.
cLinear regression model for comparison of subjects with other anxiety disorders (needle phobia excluded) versus without anxiety disorders adjusted for

age, sex, diabetes duration, migratory background, type of insulin therapy, and treatment year.
dData expressed as estimated rate per 100 patient-years (95% confidence interval).
eNegative-binomial model for comparison of subjects with needle phobia versus without anxiety disorders adjusted for age, sex, diabetes duration,

migratory background, type of insulin therapy, and treatment year.
fNegative-binomial model for comparison of subjects with other anxiety disorders (needle phobia excluded) versus without anxiety disorders adjusted for

age, sex, diabetes duration, migratory background, type of insulin therapy, and treatment year.
gPoisson model for comparison of subjects with needle phobia versus without anxiety disorders adjusted for age, sex, diabetes duration, migratory

background, type of insulin therapy, and treatment year.
hPoisson model for comparison of subjects with other anxiety disorders (needle phobia excluded) versus without anxiety disorders adjusted for age, sex,

diabetes duration, migratory background, type of insulin therapy, and treatment year.

Bold values in the last column indicate that p < 0.05
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youth without mental disorders, i.e. without the diagnoses depression,

eating disorder, attention deficit hyperactivity disorder, autism spec-

trum disorder, or schizophrenia, in exactly the same way. Statistical sig-

nificance was assumed if two-sided p-values were < 0.05.

4 | RESULTS

Characteristics of the children, adolescents and young adults with

type 1 diabetes with and without anxiety disorders are depicted in

Table 1. Due to significant differences between children, adolescents

and young adults with anxiety disorders and those without anxiety

disorders in respect to sex, diabetes duration, and frequency of insulin

pump treatment (more females, longer diabetes duration and more

insulin pumps in the group with anxiety disorder, see Table 1), we

applied linear regression modeling for comparison of outcome param-

eters between these groups (see Table 2). After adjusting for age, sex,

diabetes duration, migratory background, type of insulin therapy, and

treatment year, youth with anxiety disorders had significantly higher

HbA1c levels (8.5% vs. 8.2%), higher rates of DKA (4.2 vs. 2.5 per

TABLE 5 Comparison of children, adolescents, and young adults with type 1 diabetes with either needle phobia or other anxiety disorders
versus without anxiety disorders, adjusted for age, sex, diabetes duration, migratory background, type of insulin therapy, treatment year, and
depression

without anxiety disorders (n = 73,932)

with other anxiety disorders

(needle phobia excluded) (n = 771) p

BMI SDS a +0.33 (+0.32; +0.34) +0.30 (+0.24; + 0.37) 0.46 b

HbA1c (mmol/mol) a

(%) a
66.4 (66.2; 66.5)
8.2 (8.2; 8.2)

68.1 (66.8; 69.4)
8.5 (8.3; 8.5)

0.01b

Rate of episodes of DKA

(per 100 patient-years) c
2.4 (2.3; 2.6) 3.1 (2.0; 4.6) 0.28 d

Rate of severe hypoglycemia (per 100 patient-years)
c

12.4 (11.9; 12.8) 10.6 (7.6; 14.8) 0.38 d

Hospital admission rate

(per 100 patient-years) c
39.8 (39.3; 40.2) 57.1 (52.5; 62.0) <0.001 e

Length of hospital stay

(days per patient-year) a
11.5 (11.5; 11.5) 12.5 (12.2; 12.9) <0.001 e

aData expressed as estimated mean (95% confidence interval).
bLinear regression model for comparison of subjects with other anxiety disorders (needle phobia excluded) versus without anxiety disorders adjusted for

age, sex, diabetes duration, migratory background, type of insulin therapy, treatment year, and depression.
cData expressed as estimated rate per 100 patient-years (95% confidence interval).
dNegative-binomial model for comparison of subjects with other anxiety disorders (needle phobia excluded) versus without anxiety disorders adjusted for

age, sex, diabetes duration, migratory background, type of insulin therapy, treatment year, and depression.
ePoisson model for comparison of subjects with other anxiety disorders (needle phobia excluded) versus without anxiety disorders adjusted for age, sex,

diabetes duration, migratory background, type of insulin therapy, treatment year, and depression.

Bold values in the last column indicate that p < 0.05

TABLE 6 Comparison of children, adolescents and young adults with type 1 diabetes with needle phobia versus with other anxiety disorders,
adjusted for age, sex, diabetes duration, migratory background, type of insulin therapy, and treatment year

with needle phobia (n = 555) with other anxiety disorders (n = 771) p

BMI SDSa +0.27 (+0.19; +0.35) +0.36 (+0.29; +0.43) 0.10b

HbA1c (mmol/mol)a

(%)a
68.4 (66.8; 70.0)

8.4 (8.3; 8.6)

69.3 (67.3; 70.6)

8.5 (8.4; 8.6)

0.40b

Rate of episodes of DKA

(per 100 patient-years)c
3.2 (2.0; 5.2) 3.9 (2.6; 5.8) 0.53d

Rate of severe hypoglycemia (per 100 patient-years)c 7.7 (4.9; 12.0) 9.4 (6.5; 13.6) 0.49d

Hospital admission rate

(per 100 patient-years)c
51.4 (45.9; 57.4) 73.7 (68.0; 80.0) <0.001e

Length of hospital stay

(days per patient-year)a
10.1 (9.7; 10.5) 13.2 (12.9; 13.6) <0.001e

aData expressed as estimated mean (95% confidence interval).
bLinear regression model adjusted for age, sex, diabetes duration, migratory background, type of insulin therapy, and treatment year.
cData expressed as estimated rate per 100 patient-years (95% confidence interval).
dNegative binomial model adjusted for age, sex, diabetes duration, migratory background, type of insulin therapy, and treatment year.
ePoisson model adjusted for age, sex, diabetes duration, migratory background, type of insulin therapy, and treatment year.

Bold values in the last column indicate that p < 0.05
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100 patient-years), and higher hospital admission rates (63.6 vs. 40.0

per 100 patient-years) than youth without anxiety disorders (see

Table 2). Rates of severe hypoglycemia were not different (see

Table 2). Given the comorbidity of depression in individuals with anxi-

ety disorders (21% depression in individuals with anxiety disorders,

see Table 1), we performed further regression modeling adjusting for

depression as well (see Table 3). Results were similar for all outcome

parameters except for the rates of DKA which did not differ signifi-

cantly between the individuals with and those without anxiety disor-

ders (see Table 3). In Figure 1, annual mean HbA1c levels are depicted

in relation to diabetes duration. HbA1c levels increased with diabetes

duration and were significantly higher in youth with anxiety disorders

compared to youth without anxiety disorders throughout the course

of diabetes (see Figure 1). Sensitivity analysis, comparing youth with

anxiety disorders with those without mental disorders, revealed like-

wise significant results (see Appendix).

Out of all 1325 children, adolescents and young adults with

anxiety disorders, 555 (42%) were diagnosed with needle phobia

and 771 (58%) had other anxiety disorders (see Table 4). Youth with

anxiety disorders other than needle phobia had significantly higher

rates of DKA compared to youth without anxiety disorders (4.5

vs. 2.5 per 100 patient-years, P < 0.003), whereas the rate of DKA

was not significantly different in youth with needle phobia com-

pared to youth without anxiety disorders (see Table 4). Adjusting

for depression as well showed that rates of DKA were not signifi-

cantly different in children, adolescents, and young adults with anxi-

ety disorders other than needle phobia compared to those without

anxiety disorders (3.1 vs. 2.4 per 100 patient-years, p = 0.28).

Results regarding the outcome parameters glycemic control and

rates of severe hypoglycemia were unaffected after adjusting for

depression (see Table 5). Comparing youth with needle phobia and

those with other anxiety disorders, we found more hospitalizations

and longer inpatient in youth with anxiety disorders other than nee-

dle phobia (see Table 6). Adjusting for depression, results remained

unchanged (data not shown).

5 | DISCUSSION

In our survey, children, adolescents and young adults with type 1 dia-

betes and anxiety disorders had worse glycemic control compared to

youth without anxiety disorders, as shown in other studies.2,6,12,15,17

To our knowledge, studies published so far do not examine the fre-

quency of DKA and severe hypoglycemia, nor the number of hospital

admissions in youth with type 1 diabetes and anxiety disor-

ders.2,6,12,15,17 Only Garrison and co-authors demonstrate that inter-

nalizing disorders are associated with an increased risk of repeated

hospitalizations in youth with type 1 diabetes.26 We demonstrate for

the first time that youth with anxiety disorders had - in addition to

worse glycemic control - higher rates of DKA and higher hospital

admission rates than individuals without anxiety disorders. Episodes

of DKA are potentially life-threatening complications and may have a

considerable impact on the individual in everyday life as well as over

the lifelong course of diabetes. Moreover, episodes of DKA and hospi-

tal admissions account for a large amount of health services costs.

Therefore, investigating the frequencies of DKA and hospital admis-

sions is important to develop prevention strategies. Obtaining infor-

mation about the rates of acute complications in youth with type

1 diabetes and anxiety disorders is crucial in public health research,

considering that anxiety disorders are among the most common men-

tal disorders in the general pediatric and adolescent population.27

Anxiety disorders in general may have a negative impact on sev-

eral emotion-regulation strategies.15,28 Dysfunctional strategies such

as avoidance and suppression are positively associated with anxiety

whereas problem solving is negatively associated with anxiety.28

Therefore, dealing with diabetes-specific tasks, e.g. prevention and

treatment of hyperglycemia, is probably impaired. Worse glycemic

control results and DKA may develop because the person with type

1 diabetes does not recognize the symptoms and signs of DKA or

does not follow the DKA prevention regime. Furthermore, anxiety-

induced symptoms such as dizziness, shakiness, sweating, and heart

palpitations could be misinterpreted as hypoglycaemia.15 This misin-

terpretation may result in inadvertently causing hyperglycemia due

to carbohydrate ingestions in the setting of euglycemia. If this hap-

pens repeatedly, higher HbA1c levels will result in the long term.

However, the misinterpreted symptoms may also lead to checking

the glucose level, revealing normal values.15 Again, if this occurs fre-

quently, the youth or the parent are frustrated and they will possibly

decrease the number of glucose measurements, which in turn will

cause higher HbA1c.15 Lastly, anxiety disorders in general are often

associated with other emotional or behavioral problems and mental

disorders. Most mental comorbidities contribute to worse glycemic

control as well as to a higher rate of DKA and hospital admissions.5

In our analysis, we found that 21% of individuals with an anxiety dis-

order also suffered from depression (see Table 1). Adjusting for

depression, we still found higher HbA1c and more hospital admis-

sions in children, adolescents, and young adults with anxiety disor-

ders. This indicates that anxiety is additionally contributing to worse

glycemic control and more hospitalizations in youth with type 1 dia-

betes. Rates of DKA between individuals with and without anxiety

disorders did not differ significantly after adjusting for depression.

Hence, higher rates of DKA in youth with anxiety disorders, might

for the most part refer to the assessed comorbidities rather than the

anxiety disorder itself.

Interestingly, rates of severe hypoglycemia did not differ in youth

with and without anxiety disorders in our survey. In contrast, youth

with other mental comorbidities, for example depression or eating dis-

orders, had higher rates of severe hypoglycaemia.14,29 Youth with

anxiety disorders may have an accompanying fear of severe hypogly-

cemia, leading to the avoidance and prevention of severe

hypoglycaemia.30,31 Although we were not able to assess and identify

fear of hypoglycemia in individuals in the present study, deliberate

and frequent decreased insulin doses due to fear of hypoglycemia

may well lead to hyperglycemia and subsequently to less frequent

severe hypoglycemia. Furthermore, youth with needle phobia often

avoid insulin injections and this again results in hyperglycemia and less
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frequent severe hypoglycemia. Additionally, we closely examined youth

with needle phobia in more detail. In our survey, needle phobia

accounted for more than 40% of anxiety disorders. Data regarding nee-

dle phobia in type 1 diabetes are limited but other studies note that

needle phobia is very common in children with type 1 diabetes.14,18-20

The most recent study about needle phobia shows that children with

positive scores for fear of self-testing, fear of injections, or fear of

changing infusion-sites had significantly higher HbA1c than those with-

out.20 We also observed worse glycemic control in youth with needle

phobia compared to youth without anxiety disorders. Remarkably,

youth with anxiety disorders other than needle phobia had higher rates

of hospital admissions and a longer inpatient care compared to youth

with needle phobia. The reason for this remains unclear. Probably, the

group of youth with needle phobia comprised also individuals with only

mild needle phobia or mild fear of injections. Fear associated with

needles and injections is very common and prevalence of needle fear

decreases with age.32 A meta-analysis from 2019 reports that the

majority of young children experience needle fear whereas the preva-

lence of needle fear is 20% to 50% in adolescents and 20% to 30% in

young adults in the general population.32 Mild needle phobia or mild

fear of injections in youth with type 1 diabetes may be overcome in

some individuals by 'self-treatment', i.e. exposure to self-testing and

injections, especially if the diabetes care team provides suggestions,

reassurance and encouragement in this process. In line with that, Howe

et al. described an improvement of fear and distress with needles after

6 to 9 months compared to the time at diagnosis of type 1 diabetes.18

In individuals with mild needle phobia or fear of injections the reduction

of symptoms after 'self-treatment' and after getting older may lead to

less and shorter hospitalizations over time. Moreover, it may be that

individuals with needle phobia are frequently treated with psychologi-

cal interventions because of the need of daily injections in multiple

injections therapy or the frequent changing infusion sites in insulin

pump therapy, respectively. Treatment of needle phobia consists of

exposure therapy and cognitive behavioral therapy in children, adoles-

cents as well as in adults. Regrettably, only limited data about psycho-

logical interventions in youth with type 1 diabetes and needle phobia is

available.33 A single study investigated the effect of an interactive com-

puter game on distress of insulin injection in children and adolescents

with type 1 diabetes.33,34 In children and adolescents in general, a

review from 2018 reports on different psychological interventions

(i.e. distraction, hypnosis, combined cognitive behavioral therapy, and

breathing interventions) being effective in reducing needle-related pain

and distress.33 With successful treatment of needle phobia in youth

with type diabetes for example by exposure therapy and cognitive

behavioral therapy the number of hospitalizations might decrease sub-

sequently. Unfortunately, we do not have any data about psychological

interventions offered to children, adolescents and young adults with

needle phobia in our study.

In our survey, several limitations were encountered. Anxiety disor-

ders were only recorded in a small group, i.e. in less than 2% of the total

population. Given an expected prevalence of 10% to 30% of anxiety

symptoms and anxiety disorders,2,4,5 anxiety disorders are presumably

underdiagnosed in this real-world setting. Diabetes care providers only

identify 50% of individuals with needle phobia correctly, suggesting that

only the more severe forms are being recognized.13,18,22 Therefore, in

our survey, only the more severe anxiety disorders may be reported.

However, in our opinion this does not weaken the interpretation of the

results. Moreover, we did not analyze the data with respect to the

implementation of psychological interventions or pharmacotherapy.

Finally, we did not examine the different subgroups of anxiety disorders

separately, but focused on anxiety disorders in general and on needle

phobia. Youth with either generalized anxiety disorder, social phobia, or

panic disorder might have differences with regard to their clinical char-

acteristics, glycemic control, and frequency of acute complications.

In summary, youth with type 1 diabetes and anxiety disorders

had worse glycemic control, higher rates of DKA, and higher hospital

admission rates compared to youth without anxiety disorders. Youth

with anxiety disorders other than needle phobia had higher hospitali-

zation rates and inpatient care was longer compared to those with

needle phobia. Because of the considerable metabolic consequences

clinicians should be aware of comorbid anxiety disorders in youth with

type 1 diabetes and standardized screening should be considered.
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APPENDIX

TABLE A1 Comparison of children, adolescents and young adults with type 1 diabetes with anxiety disorders vs no mental disorders and vs
without anxiety disorders, adjusted for age, sex, diabetes duration, migratory background, type of insulin therapy, and treatment year

with anxiety
disorders
(n = 1,326)

no mental disorders
(n = 69,619)

without anxiety
disorders
(n = 73,932)

p with anxiety
disorders vs no
mental disorders

p with anxiety disorders
vs without anxiety
disorders

BMI SDSa +0.29 (+0.24; +0.34) +0.33 (+0.33; +0.34) +0.33 (+0.32; +0.34) 0.07b 0.09b

HbA1c (mmol/mol)a 69.7 (68.7; 70.7) 66.0 (65.8; 66.1) 66.3 (66.2; 66.5) <0.001b <0.001b

Rate of episodes of

DKA (per 100

patient-years)c

4.2 (3.1; 5.7) 2.3 (2.2; 2.4) 2.5 (2.4; 2.6) <0.001d <0.001d

Rate of severe

hypoglycaemia (per

100 patient-years)c

10.9 (8.4; 14.1) 12.2 (11.7; 12.6) 12.4 (12.0; 12.8) 0.43d 0.35d

Hospital admission rate

(per 100 patient-

years)c

63.6 (59.7; 67.9) 38.2 (37.8; 38.7) 40.0 (39.6; 40.5) <0.001e <0.001e

Length of hospital stay

(days per patient-

year)a

13.6 (13.3; 13.9) 11.2 (11.2; 11.3) 11.6 (11.6; 11.6) <0.001e <0.001e

aData expressed as estimated mean (95% confidence interval).
bLinear regression model adjusted for age, sex, diabetes duration, migratory background, type of insulin therapy, and treatment year.
cData expressed as estimated rate per 100 patient-years (95% confidence interval).
dNegative-binomial model adjusted for age, sex, diabetes duration, migratory background, type of insulin therapy, and treatment year.
ePoisson model adjusted for age, sex, diabetes duration, migratory background, type of insulin therapy, and treatment year.
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