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Aims: This study of interactions between attention-deficit hyperactivity disorder (ADHD) and type 1 diabetes has two aims. First,
compare the prevalence of prescribed ADHD medications in individuals with type 1 diabetes to the general paediatric population
in Norway. Second, study trajectories in mean glycated haemoglobin (HbA1c) in individuals with comorbid ADHD in comparison
to individuals with type 1 diabetes only.
Methods: Part 1 uses data from the Norwegian Prescription Database and register linkage between the Norwegian Childhood
Diabetes Registry (NCDR) and the Norwegian Prescribed Drug Registry to obtain yearly prevalence in the general population and
NCDR between 2005 and 2019. Part 2 uses data from annual controls in NCDR between 2005 and 2022. Linear mixed-effects
models adjusted for age and diabetes duration were used to compare mean HbA1c in 365 individuals (66% males) with comorbid
ADHD to 5,888 individuals (54% males) with type 1 diabetes only.
Results: Part 1: Yearly prevalence (2009–2019) ranged from 0.02 to 0.52 percentage points higher in NCDR than in the general
population. The difference was significant only for 2017. Part 2: Mean national HbA1c decreased from 2012 to 2022 but was higher
in individuals with comorbid ADHD. This difference was significant from 2016 (67.6mmol/mol [8.3%] vs. 64.5mmol/mol [8.1%])
to 2022 (57.5mmol/mol [7.4%] vs. 54.7mmol/mol [7.2%]). When grouped by sex, these differences continued to be significant in
males (except in 2018), but not in females. Individuals with ADHD were more likely to have experienced at least one episode of
diabetic ketoacidosis (odds ratio [OR]= 1.39, 95% confidence interval [CI] [1.04, 1.86]; males: OR= 1.65, 95% CI [1.15, 2.36];
females: OR= 1.10, 95% CI [0.658, 1.83]).
Conclusion: Mean national HbA1c decreased in Norway during the last decade, but continued to be higher in individuals with
comorbid ADHD than in individuals with type 1 diabetes only.

1. Introduction

Type 1 diabetes and comorbid attention-deficit hyperactivity
disorder (ADHD) is a challenging combination both for
individual patients as well as for health care professionals
[1, 2]. Some authors have argued that specially adapted care
might be needed [3]. Individuals with a dual diagnosis of type

1 diabetes and ADHD have been shown to have poor meta-
bolic control and increased risk of diabetic ketoacidosis and
severe hypoglycaemia compared to individuals with type 1
diabetes without comorbid ADHD [1, 2]. In addition, studies
have reported a higher prevalence of ADHD in individuals
with type 1 diabetes compared to the general population
[2, 4].
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Type 1 diabetes is a severe lifelong autoimmune disease
characterised by loss of endogenous insulin production. Treat-
ment of type 1 diabetes is challenging, and individuals need to
master attention-demanding tasks such as frequent blood glu-
cose monitoring, carbohydrate counting, considering insulin
dose and insulin administration in association with meals, as
well as adjustments for physical activity [1, 5]. ADHD is a
neurodevelopmental disorder characterised by an ongoing pat-
tern of inattention and/or hyperactivity and impulsivity that
impairs functions in two or more settings. Several symptoms
should be present before 12 years of age [6, 7].Moremales than
females are diagnosed with ADHD [8]. ADHD may interfere
with a person’s ability to manage type 1 diabetes, which again
mediates higher glycated haemoglobin (HbA1c) in individuals
with dual diagnosis [1].

Disentangling the association between type 1 diabetes,
ADHD and poor metabolic control is difficult, and it can be
challenging to recognise ADHD in individuals with type 1
diabetes. Executive functions describe a set of skills that are
needed for independent, purposeful, goal-directed behaviours,
which are essential for successful adherence to type 1 diabetes
treatment [9–11]. It has been well documented that individuals
with ADHD have deficits in executive functions [12]. Impaired
neuropsychological functions in ADHD, such as a deficit in
executive functions, may affect the ability to master type 1
diabetes treatment [1]. However, it may also be the other
way around; impaired glucose regulation may, by itself, impair
cognitive abilities and, in particular, executive functions. Sev-
eral studies, including one longitudinal study, have shown an
association between executive functions, treatment adherence
and glycaemic control [10, 11, 13]. Moreover, impaired glycae-
mic control, especially chronic hyperglycaemia, has been
reported to be injurious to the developing brain [13]. Some
authors have discussed the possibility of a negative feedback
loop when impaired executive functions lead to suboptimal
treatment adherence, which again could cause dysglycaemic
brain insults and in turn lead to further impaired executive
functions [13]. A Swedish study reported that poor glycaemic
control was associated with an increased risk of subsequent
diagnosis of neurodevelopmental disorders, particularly
ADHD [14].

HbA1c reflects average plasma glucose in the preceding
8–12 weeks, and is regarded as the most important quality
indicator in type 1 diabetes [5, 15]. Optimising glycaemic con-
trol is essential to prevent micro- and macro-vascular diseases,
and there is definitive evidence of the association between
HbA1c and the development of diabetes late complications
[16, 17].

In Norway, the mean national HbA1c has improved in
children during the last 10 years [18], but we do not know if
individuals with type 1 diabetes and comorbid ADHD have the
same improvements inmetabolic outcomes as individuals with
type 1 diabetes only [18]. Also, we do not know whether indi-
viduals with type 1 diabetes are diagnosed and treated with
ADHD medications at the same rate as the general paediatric
population. This is the first national study assessing ADHD in
children with type 1 diabetes in Norway.

Themain aims of this study were: (1) to compare the yearly
prevalence of prescribed ADHD medications in individuals
with type 1 diabetes to the yearly prevalence of prescribed
ADHD medications in the general paediatric population in
Norway. (2) To investigate if there were different trajectories
in the national mean HbA1c in those with and without comor-
bid ADHD.

2. Materials and Methods

2.1. Study Design and Materials. This population-based,
nationwide longitudinal cohort study consists of two parts:
Part 1 reports the yearly prevalence of prescribed ADHDmed-
ications in the general paediatric population and in individuals
with type 1 diabetes. Part 2 compares metabolic control and
treatment modalities in individuals with type 1 diabetes with
and without comorbid ADHD.

Part 1 uses data from the Norwegian Prescription Data-
base, which is a national open pseudonymous registry provided
by the Norwegian Institute of Public Health that contains data
about prescribed medications. Data can be split by sex and by
5-year interval age groups (0–4, 5–9, 10–14 years, etc.). Both
parts 1 and 2 use data from register linkage between the Nor-
wegian Prescribed Drug Registry and the Norwegian Child-
hood Diabetes Registry (NCDR). The Norwegian Prescribed
Drug Registry is a personally identifiable registry containing
data about all dispensed drugs in Norway. NCDR comprises
data about all children aged 0–17 years with diabetes inNorway
and has a high coverage rate, 99% at diagnosis and 98% at
annual follow-ups [19]. In Norway, all children with type 1
diabetes are treated in a paediatric department up to age
17 years. NCDR receives standardised data at diagnosis and
later from annual controls from all the hospitals. The Norwe-
gian Institute of Public Health performed the register linkage in
this study. Personal identification numbers were replaced by
code, and data was de-identified.

2.2. Participants. The study cohort comprised individuals in
NCDR who were diagnosed with type 1 diabetes between Jan-
uary 1, 2004, and December 31, 2021, and who had registered
at least one annual control in NCDR between January 1, 2005,
and December 31, 2022. We found 255 individuals (176 males,
69%) who had received at least one reimbursable prescription
of ADHD medication (dexamphetamine, methylphenidate,
atomoxetine, lisdexamfetamine or guanfacine) between Janu-
ary 1, 2005, and December 31, 2019.

Part 1 comprises data about prescribed ADHD medication
between 2005 and 2019 in the general paediatric population and
in NCDR.We used data from the Norwegian PrescriptionData-
base to find the yearly prevalence of ADHD medication
in the general paediatric population, 5–19 years (Table 1).
Data obtained by register linkage were used to find the yearly
prevalence of prescribed ADHD medication in NCDR. The
Norwegian Prescribed Drug Registry comprised data on age,
sex, type of prescribed ADHD medication and date of when
medication was dispensed. Table 1 shows the number of indivi-
duals in our cohort,≥ 5 years of age, with annual control in
NCDR each year between 2005 and 2019 and the number of

2 Pediatric Diabetes



T
A
B
LE
1:
A
nn

ua
lp

er
io
d
pr
ev
al
en
ce

of
pr
es
cr
ib
ed

A
D
H
D
m
ed
ic
at
io
ns
,2
00
5–
20
19
,i
n
th
e
ge
ne
ra
lp

ae
di
at
ri
c
po

pu
la
ti
on

in
N
or
w
ay

an
d
in

th
e
pa
ed
ia
tr
ic
po

pu
la
ti
on

w
it
h
ty
pe

1
di
ab
et
es

in
th
e

N
or
w
eg
ia
n
C
hi
ld
ho

od
D
ia
be
te
s
R
eg
is
tr
y.

G
en
er
al

P
ae
di
at
ri
c
P
op

ul
at
io
n
in

N
or
w
ay

P
op

ul
at
io
n
w
it
h
T
yp
e
1
D
ia
be
te
s
in

th
e
N
or
w
eg
ia
n
C
hi
ld
ho

od
D
ia
be
te
s
R
eg
is
tr
y

Y
ea
r

N
um

be
r
of

ch
il
dr
en

5–
19

ye
ar
s

N
um

be
r
tr
ea
te
d
w
it
h

A
D
H
D

m
ed
ic
at
io
n
s

P
er
ce
n
ta
ge

of
in
di
vi
du

al
s
tr
ea
te
d
w
it
h
A
D
H
D

m
ed
ic
at
io
n
s

N
um

be
r
of

ch
il
dr
en

5–
19

ye
ar
s

N
um

be
r
tr
ea
te
d
w
it
h

A
D
H
D

m
ed
ic
at
io
n
s

P
er
ce
n
ta
ge

of
in
di
vi
du

al
s
tr
ea
te
d
w
it
h
A
D
H
D

m
ed
ic
at
io
n
s

T
ot
al

Fe
m
al
e

M
al
e

5–
9

ye
ar
s

10
–
14

ye
ar
s

15
–
19

ye
ar
s

T
ot
al

F
em

al
e

M
al
e

5–
9

ye
ar
s

10
–
14

ye
ar
s

15
–
19

ye
ar
s

20
05

91
6,
02
6

12
,0
96

1.
32

0.
61

2.
00

0.
71

1.
86

1.
38

13
3

3
2.
26

1.
52

2.
99

—
4.
47

—

20
06

92
2,
49
6

13
,1
81

1.
43

0.
71

2.
11

0.
68

1.
99

1.
60

34
2

3
0.
88

1.
14

0.
60

—
1.
16

2.
22

20
07

92
6,
47
6

14
,6
09

1.
58

0.
82

2.
29

0.
72

2.
17

1.
79

57
0

7
1.
23

0.
72

1.
71

1.
09

1.
37

1.
05

20
08

92
9,
78
5

15
,8
30

1.
70

0.
93

2.
44

0.
74

2.
32

1.
99

85
3

12
1.
52

1.
00

1.
99

0.
39

1.
68

2.
25

20
09

93
2,
39
2

16
,8
06

1.
80

1.
01

2.
55

0.
76

2.
49

2.
09

1,
15
4

20
1.
82

1.
10

2.
45

1.
22

2.
17

1.
47

20
10

93
3,
13
7

17
,5
16

1.
88

1.
07

2.
64

0.
79

2.
59

2.
19

1,
40
1

32
2.
28

1.
30

3.
05

0.
79

2.
40

3.
56

20
11

93
4,
76
1

17
,5
90

1.
88

1.
08

2.
64

0.
74

2.
63

2.
22

1,
64
6

34
2.
07

1.
41

2.
65

0.
73

2.
38

2.
73

20
12

93
6,
84
0

17
,7
72

1.
90

1.
11

2.
65

0.
76

2.
67

2.
23

1,
79
5

38
2.
12

1.
52

2.
67

1.
12

2.
02

3.
07

20
13

94
1,
44
9

17
,8
17

1.
89

1.
11

2.
64

0.
74

2.
70

2.
23

1,
95
1

38
1.
95

1.
18

2.
66

1.
54

1.
92

2.
27

20
14

94
7,
17
8

18
,2
14

1.
92

1.
15

2.
66

0.
77

2.
74

2.
27

2,
15
8

42
1.
95

1.
17

2.
66

1.
61

2.
78

1.
10

20
15

95
1,
81
1

18
,3
72

1.
93

1.
18

2.
64

0.
78

2.
75

2.
30

1,
86
9

40
2.
14

1.
34

2.
87

1.
02

3.
33

1.
36

20
16

95
5,
13
3

18
,6
92

1.
96

1.
19

2.
69

0.
80

2.
76

2.
35

2
36
1

56
2.
37

1.
73

2.
93

1.
27

3.
32

1.
92

20
17

95
8,
39
5

19
,3
49

2.
02

1.
22

2.
77

0.
85

2.
83

2.
40

2,
49
7

66
2.
64

1.
76

3.
38

2.
06

3.
15

2.
42

20
18

95
8,
78
0

19
,6
87

2.
06

1.
27

2.
80

0.
82

2.
86

2.
48

2,
61
2

67
2.
57

1.
91

3.
13

1.
76

2.
74

2.
85

20
19

95
6,
96
3

20
,2
99

2.
12

1.
33

2.
88

0.
82

2.
97

2.
55

2,
69
6

69
2.
56

1.
91

3.
13

1.
39

3.
26

2.
50

Pediatric Diabetes 3



individuals who had been prescribed ADHD medication the
same year.

Part 2 uses data from the annual controls in NCDR
between 2005 and 2022. All 255 individuals who had been
prescribed ADHD medication were considered to have
ADHD. It has been possible since January 1, 2016, to record
in NCDRwhen an individual has received an ADHD diagnosis
by the specialist health services. An additional 110 individuals
(66 males, 60%) with ADHD were identified using data from
NCDR between 2020 and 2022. Since ADHD is a neurodeve-
lopmental disorder starting before 12 years of age [7], we con-
sidered individuals to have comorbid ADHD on all annual
controls, including controls prior to the first ADHD prescrip-
tion or prior to ADHD being first registered in NCDR. The use
of ADHDas a lifetime diagnosis has been used by other authors
investigating ADHD in type 1 diabetes [20]. The total cohort
comprised 6253 individuals with type 1 diabetes. There were
365 (5.8%) individuals with type 1 diabetes and comorbid
ADHD who attended 1935 yearly controls and 5,888 indivi-
duals with type 1 diabetes without comorbid ADHD who
attended 31,344 annual controls. Figure 1 illustrates the recruit-
ment procedure. All patients had at least 6 months of diabetes
duration and 1 yearly control before the study period ended on
December 31, 2022.

2.3. Ascertainment of ADHD. In Norway, diagnostic assess-
ments of ADHD are done only within the specialist health
services. The Norwegian clinical guidelines state that the crite-
ria of the current version of the Diagnostic and Statistical Man-
ual of Mental Disorders (DSM-5 and DSM-IV before 2013)
should be used. Prescription of ADHDmedication can only be
initiated by doctors working in the specialist health service, but
further medical treatment of ADHD can be continued by pri-
mary care physicians. From 2009, doctors in Norway used
diagnostic codes on the prescription to ascertain that the
patient had ADHD. Prior to 2009, doctors coded that the
patient had a chronic condition for which prescribed medica-
tion was reimbursable.

2.4. Variables of Interest. The annual controls in NCDR are
standardised examinations which include anamnestic, clinical,
and laboratory variables. We used the following variables from
2005 to 2022: HbA1c, age, sex, diabetes duration, diabetic
ketoacidosis and severe hypoglycaemia with loss of conscious-
ness with or without convulsions. All HbA1c samples in the
annual controls were analysed at a single national Diabetes
Control and Complications Trial (DCCT)-standardised labo-
ratory (Aker, Oslo University Hospital). NCDR also includes
data on treatment modalities, insulin pumps or insulin pens,
and, from 2016, we also have data on active carbohydrate
counting and the use of continuous glucose monitoring
(CGM). Table 2 presents some characteristics of individuals
at the time of inclusion in part 2 of the study.

2.5. Statistical Analyses. For each year between 2005 and 2019,
we calculated the prevalence of ADHD prescriptions in the total
group of individuals aged 5–19 years, 5-year age groups, males,
and females, in the general population and inNCDR. Yearly and
the average prevalence of ADHD prescriptions between 2005
and 2019 in NCDR were compared to the prevalence in the
general paediatric population. We used the Z-score calculator
for two population proportions (socscistatistics.com), two-tailed
hypotheses to calculate p-values.

Descriptive statistics are presented as frequencies with per-
centages ormeanswith standard deviation (SD) as appropriate.
Differences in continuous variables between groups were tested
with the Student’s t-test for normally distributed data. Chi-
square test for contingency tables was used to detect differences
in categorical variables.

At annual controls in NCDR, few individuals were
recorded as having experienced diabetic ketoacidosis or severe
hypoglycaemia in the last year. These data were therefore
dichotomised into having or not having ever experienced dia-
betic ketoacidosis or severe hypoglycaemia between 2005 and
2022. Data concerning treatment were dichotomised into used/
not used insulin pump, active carbohydrate counting, and
CGM. Logistic regression analyses were performed to

N = 110 (66 males) with ADHD diagnosis registered in NCDR
2020–2022 

Norwegian Childhood Diabetes Registry (NCDR)
N = 6253 new onset of type 1 diabetes 2004–2014, 33,279 annual

controls 2005–2022 

Norwegian Prescribed Drug Registry
N = 255 individuals (176 males) had ≥ 1 prescription of

ADHD medication∗ 2005–2019  

Cohort: part 2 of study
N = 365 type 1 diabetes + ADHD, 1935 yearly controls
N = 5888 type 1 diabetes only, 31,344 annual controls

2005–2022 (Figures 2 + 3) 

Register linkage

FIGURE 1: Flow chart showing recruitment procedure of the cohort. ∗ADHD medication with the following ATC-codes: N06B A02,
dexamphetamine; N06B A04, methylphenidate; N06B A09, atomoxetine; N06B A12, lisdexamfetamine; C02A C02, guanfacine.
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investigate the association between type 1 diabetes with and
without comorbid ADHD and diabetic ketoacidosis or severe
hypoglycaemia in the last year (as outcomes), and to adjust for
sex and number of years of follow-up in the study. Subse-
quently, the analyses were repeated within strata of males
and females. In addition, we report the p-value of the
ADHD-by-sex interaction. The results are presented as odds
ratios (ORs) with 95% confidence intervals (CIs).

Linear mixed-effects models were used to investigate the
relationship between ADHD and HbA1c as the outcome vari-
able to account for repeated measures by patient. Time, group
(ADHD), covariates, and time-by-group interaction were fixed
effects in all models. All models included random intercept and
slope, and an unstructured covariance matrix was used. The
models were adjusted for age and diabetes duration. Based on
the linear mixed-effects model, we estimated mean values with
95% CIs for the time points for each group. We also estimated
mean within-group and between-group differences in change
from 2005 to 2022. The analyses were repeated within strata of
males and females.

A significance level of 5 % was used. Statistical analyses
were performed using the IBM SPSS Statistics version 29.0
(IBM SPSS Inc., Armonk, NY: IBM Corp) and STATA 18.0
(StataCorp LP, College Station, TX).

3. Results

3.1. Results Part 1. The national yearly prevalence of pre-
scribed ADHD medications increased between 2005 and
2019 (Table 1). For each year starting in 2009, prevalence rates
of prescribed ADHDmedication were slightly higher in NCDR
than in the general population. The prevalence ranged from
0.02 to 0.52 percentage points higher in NCDR than in the
general population, but when comparing yearly prevalence,
the finding was only significant for 2017 (2.64% vs. 2.02%,
p¼ 0:0271; Table S1). Average yearly prevalence of prescribed
ADHDmedications between 2005 and 2019was slightly higher
among individuals with type 1 diabetes than in the general
population, but this finding was not significant (2.19% vs.
1.83%, p¼ 0:289). More males than females were treated for
ADHD in both the NCDR and the general population.

Among individuals with type 1 diabetes, methylphenidate
was the most frequently prescribed ADHD medication, and
97% had been prescribed methylphenidate, including 58%
who had been prescribed only methylphenidate. There were
21% who had been prescribed atomoxetine, 19% lisdexamfeta-
mine, 2% dexamphetamine and 3% guanfacine. Mean age at
first ADHD prescription was lower in males (10.9 years, SD:
3.9) than females (12.3 years, SD: 4.2) p¼ 0:004. There were 13
individuals (7 males) who received their first prescription of
ADHD medications when they were 18 years or older.

3.2. Results Part 2. The comparison of metabolic control and
treatment parameters in individuals with type 1 diabetes with
and without comorbid ADHD showed that HbA1c decreased
in both groups from 2012 to 2022 (Figure 2). Over the entire
follow-up time (2005–2022), the reduction in HbA1c was
−2.62, 95% CI (−8.97, 3.72) in the ADHD group and −7.29,
95% CI (−9.15, −5.44) in those without comorbid ADHD
(mean between-group difference 4.67, 95% CI [−1.86, 11.2],
p¼ 0:161). Mean national HbA1c was higher in individuals
with dual diagnosis than in individuals with type 1 diabetes
only, and this difference was significant from 2016 (67.6mmol/
mol, 95% CI [65.9, 69.3], vs. 64.5mmol/mol, 95% CI [64.0,
64.9], to 2022 (57.5mmol/mol, 95% CI [55.7, 59.2] vs. 54.7
mmol/mol, 95% CI [54.2, 55.2]). When grouped by sex, these
differences continued to be significant in males (except for
2018), but not in females (Figure 3). The estimated overall
mean difference with 95% CI in HbA1c between those with
and without ADHD showed that those with ADHD, on aver-
age, over the entire follow-up period had higher HbA1c levels
than those without ADHD (mean difference= 2.46, 95% CI
[1.33, 3.58]). Stratified analysis in males showed a mean
difference= 2.86, 95% CI (1.53, 4.26), and in females, a mean
difference= 2.13, 95%CI (0.17, 4.09). We found no interaction
effect of sex (p¼ 0:331).

A total of 763 individuals (382 males) had experienced one
or more episodes of diabetic ketoacidosis during follow-up for
their diabetes, but the majority (522 individuals) had experi-
enced only one episode. The risk of having experienced diabetic
ketoacidosis was higher in individuals with comorbid ADHD
than in individuals with type 1 diabetes only (OR= 1.39, 95%

TABLE 2: Characteristics of the total number of individuals included in the study at their first annual registration (between 2005 and 2022) in
the National Childhood Diabetes Registry (NCDR).

Patient characteristics
Type 1 diabetes without comorbid ADHD Type 1 diabetes with comorbid ADHD

p-Value (total)
Total Male Female Total Male Female

N 5888 3195 (54%) 2693 (46%) 365 242 (66%) 123 (34%) —

Age, years
Mean (SD) 10.5 (4.1) 10.8 (4.2) 10.2 (4.0) 10.9 (3.9) 11.0 (4.0) 10.7 (3.6) 0.072

Diabetes duration, years
Mean (SD) 1.2 (0.8) 1.2 (0.8) 1.2 (0.7) 1.1 (0.6) 1.1 (0.6) 1.1 (0.7) 0.330

HbA1c, mmol/mol
Mean 58.2 (12.8) 57.7 (12.7) 58.9 (12.9) 59.8 (14.3) 59.6 (13.7) 60.4 (15.5) 0.040a

Body Mass Index (BMI)
Mean (SD) 19.0 (3.7) 19.0 (3.7) 18.9 (3.6) 19.3 (3.6) 19.3 (3.5) 19.2 (3.7) 0.606

Abbreviation: SD, standard deviation.
aSignificant in total and in males, but not females, with/without comorbid ADHD.
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CI [1.04, 1.86]). This effect remained significant after adjusting
for sex and number of years of follow-up in the study. Stratified
analysis with respect to sex showed that males, but not females,
with comorbid ADHD had increased odds of having experi-
enced diabetic ketoacidosis (males: OR= 1.65, 95% CI [1.15,
2.36]; females: OR= 1.10, 95% CI [0.658, 1.83]). We found no
interaction effect of sex (p¼ 0:202).

A total of 881 individuals (467 males) had experienced at
least one episode of severe hypoglycaemia, and there was no
difference in odds between individuals with comorbid ADHD
and type 1 diabetes, neither for the total group nor when strati-
fied by sex (OR= 1.14, 95% CI [0.85,1.52], males: OR= 1.12,
95% CI [0.84,1.72], females: OR= 1.06, 95% CI [0.64,1.75]).
We found no interaction effect of sex (p¼ 0:702).

From 2016 to 2022, individuals with comorbid ADHD
were more likely to use insulin pumps than individuals with
type 1 diabetes only (89.7% vs. 84.4%, p¼ 0:014). Individuals
with and without comorbid ADHD were equally likely to use
CGM (84.7%) and carbohydrate counting more than 50% of
the time (83.0%).

4. Discussion

The study consists of two parts. First, we reported that the
prevalence of prescribed ADHD medications between 2009
and 2019 tended to be higher in NCDR than in the general
paediatric population. However, yearly prevalence was signifi-
cantly higher only in 2017. Second, we investigated the trajec-
tories of mean HbA1c and found that mean HbA1c adjusted

for age and diabetes duration had declined during the last
decade but continued to be slightly higher in individuals with
a dual diagnosis of ADHD and type 1 diabetes than in indivi-
duals with type 1 diabetes only.

Ourfinding that the yearly prevalence of prescribedADHD
medication was slightly higher in individuals with type 1 dia-
betes seems to align with other studies. Different studies,
including two systematic reviews and meta-analyses [2, 4],
have reported that individuals with type 1 diabetes have an
increased chance of being diagnosed with ADHD [14, 21,
22]. One of the reviews stated there was an overall 35% increase
in the prevalence of ADHD among patients with type 1 diabe-
tes (OR= 1.35, 95% CI [1.08, 1.73]) [2]. Moreover, numbers
vary between studies, and different authors have employed
various methodologies, cohorts, and age groups to study
ADHD in individuals with type 1 diabetes. Our study can be
compared to a German study that used a prescription database
and reported a prevalence of ADHD prescriptions of 2.9% in
children with diabetes, compared to 2.4% (p¼ 0:004) among
children without diabetes [23]. However, it could be noted
that the German study included children from 0 to 17 years,
and the prevalence of prescribedADHDmedicationwas higher
in the non-diabetic group in children who were from 12 to 17
years old.

Diverse hypotheses have been proposed to explain the
observation of a higher prevalence of ADHD in type 1 diabetes
that is reported in several studies. Some have said that children
with type 1 diabetes are more likely to be evaluated and receive
an appropriate ADHD diagnosis since they are seen more
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frequently by health care providers than the general population
[23]. Others have discussed the possibility that autoantibodies
could be important not only in the development of type 1
diabetes but also in a subgroup with ADHD [4, 24, 25], and
some have highlighted the possibility of common genetic fac-
tors linked to both type 1 diabetes and ADHD [4, 21]. On the
contrary, Butwicka et al. [22] reported no increase in ADHD in
siblings of children with type 1 diabetes. Then again, some
argue that diabetes-related factors could lead to altered neuro-
psychological functions and subsequent ADHD diagnosis [14,
21, 22]. This hypothesis seems to correspond with studies that
have investigated the effect of type 1 diabetes on the developing
brain [13], and suggests that type 1 diabetes is an independent
risk factor for ADHD, particularly in individuals with high
HbA1c. Moreover, this view challenges the assumption of
ADHD being mainly due to genetic factors in the general pop-
ulation [14].

Table 1 shows the increasing prevalence of prescribed
ADHD medications during the study period, and this finding
is in line with other studies showing that consumption of
ADHDmedications has increased worldwide [26]. Yearly prev-
alence of prescribed ADHD medication was higher in males
than in females both in the general population and in NCDR. It
is well known that females are less likely to be diagnosed with
ADHD, and growing evidence suggests that the sex difference
at least partly can be explained by underrecognition of ADHD
in females, including late or overlooked diagnosis [8]. Accord-
ing to a recent review, females are typically diagnosed with
ADHD later in life than males and are also less likely to be
prescribed ADHD medications when diagnosed [8]. This
seems to fit with our data, as we found that the average age
of first ADHD prescription was higher in females than in
males.

A diagnosis of ADHD does not warrant the immediate
start of ADHD medications since non-pharmacological inter-
ventions are first-line treatments, and it can be noted that 13
individuals (7 males) in our study received their first prescrip-
tion of ADHD medications at the age of 18 years or older. We
do not know what kind of ADHD symptoms were evident in
these individuals before 12 years of age, but one may wonder
whether diabetes related brain changes could have contributed
so that symptoms of ADHD became more evident with
increasing age and medical treatment, therefore became
necessary.

To our knowledge, part 2 of this study is the first to com-
pare longitudinal trajectories in mean HbA1c in individuals
with type 1 diabetes with and without comorbid ADHD in a
nationwide study. We found that during the last 10 years, the
national mean HbA1c has improved in children with type 1
diabetes, both with and without comorbid ADHD, but indivi-
duals with dual diagnosis had higher mean HbA1c than indi-
viduals with type 1 diabetes only. The size of the differences in
national mean HbA1c between individuals with type 1 diabetes
with and without comorbid ADHD in our study (3.1mmol/
mol in 2016 and 2.8mmol/mol in 2022) was slightly smaller
than the differences reported by others [1, 2], but our results
were adjusted for age and diabetes duration. The differences
may still be clinically relevant since the mean HbA1c in both

groups was higher than the recommended treatment goal of
HbA1c< 53mmol/mol. Individuals with dual diagnosis had a
higher risk of having experienced diabetic ketoacidosis, and
together these findings support the notion that individuals
with type 1 diabetes and comorbid ADHD struggle to achieve
good metabolic control [1, 2, 27, 28].

As illustrated in Figure 3, from 2016, there was a clear and
significant difference in trajectories in mean HbA1c between
males with and without comorbid ADHD, whereas, as illus-
trated by the overlapping CIs, the difference in HbA1c in
females with and without comorbid ADHD was not clear.
Similarly, the OR for having experienced diabetic ketoacidosis
in individuals with comorbid ADHD versus individuals with
type 1 diabetes only was significant in males but not in females.
These non-significant findings in females might be related to
the lower number of females (n= 123) than males (n= 242)
with type 1 diabetes and comorbid ADHD in our study, but we
do not know whether ADHD was overlooked in females.
Moreover, a systematic review states that females have a higher
risk of diabetic ketoacidosis than males [29].

Since impairment in executive functions is both a feature of
ADHD and associated with increasedHbA1c, onemay wonder
if there is a risk that an underlying ADHDmay not be properly
recognised in those with type 1 diabetes who struggle to achieve
HbA1c within the recommended range. Some authors have
suggested screening for ADHD when type 1 diabetes is diag-
nosed and then performing repeated screening, particularly in
those with poor metabolic control [14, 30, 31]. Moreover, dif-
ferent international studies, including a large register study
from Norway, have shown that females have higher HbA1c
than males [18, 29], and females seem to be more likely to
present with the inattentive subtype of ADHD instead of com-
bined or hyperactive-impulsive subtypes [8].We can only spec-
ulate whether the likelihood of having a higher HbA1c and
more often presenting with the inattentive subtype of ADHD
in females, make clinicians less likely to look for underlying
ADHD in females with high HbA1c.

The improvement in HbA1c seen over the last 10 years in
Norway has been associated with improvement in diabetes
technology and carbohydrate counting [18, 32]. There were
no differences in the use of CGM or carbohydrate counting,
but individuals with comorbid ADHD were more likely to use
pumps. This could suggest that individuals using insulin pens
who have HbA1c within the target range were less likely to be
encouraged to change their treatment regimen. Our results
indicate that individuals with comorbid ADHDmay need spe-
cial support from health care professionals in order to manage
their diabetes treatment and fully benefit from the use of
advanced diabetes technology [1, 3, 14, 27].

This study has some limitations. Individuals with an
ADHD diagnosis who had never received ADHD medication
were not identified by register linkage. This number is
unknown, but is supposed to be low since most individuals
with an ADHD diagnosis are likely to have tried ADHDmedi-
cation at least once. Moreover, the prevalence of prescribed
ADHD medication could be affected by differences in clinical
practice, but these differences are not likely to affect individuals
with type 1 diabetes differently from individuals in the general
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population. Despite these limitations, the study has several
strengths. The study provides longitudinal data and uses regis-
ter linkage from national registers with high data completeness.
The risk of selection bias due to social inequalities is probably
smaller in Norway than in many other countries since the right
to health care is universal and paid for by the government. The
accuracy of HbA1c measurement, which was analysed at a
single DCCT-standardised laboratory, adds to the strength of
our study. Finally, by including separate analyses for males and
females, we revealed important sex differences.

5. Conclusions

First, the prevalence of prescribed ADHD medication was
higher, and the age of first prescription was lower in males
than in females. One may wonder whether the risk of not
recognising an underlying ADHD is higher in females than
males with type 1 diabetes and high HbA1c, since females
are also more likely to present with the inattentive type
of ADHD.

Second, the mean HbA1c in individuals improved during
the last decade, but HbA1c continued to be higher in indivi-
duals with a comorbid ADHD diagnosis than in individuals
with type 1 diabetes only. Individuals with dual diagnosis seem
to struggle to achieve good metabolic control, and they are
more likely to use insulin pumps. Our findings support the
assumption that individuals with a dual diagnosis need special
support to manage their diabetes treatment and to fully benefit
from advances in diabetes technology [1, 3, 27].

Data Availability Statement

The registry data that has been used for this study has not been
made available due to the ethics rules of the Norwegian Child-
hood Diabetes Registry (NCDR) and for reasons of patient
privacy.

Ethics Statement

The study was approved by the regional ethics committee in
Norway (REK 2018/207) and the Data Protection Officer
Department at the Oslo University Hospital (18/06512).

Disclosure

This material is original research; some preliminary results
were presented in 2024 at ISPAD’s 50th Annual Conference
in Lisbon (oral presentation O-31). The manuscript will be
presented as an ePoster (P-104) at the 51st Annual Conference,
November 5–8, 2025, Montreal, Canada. All authors inter-
preted the study data and edited, reviewed, and approved the
final version of the manuscript. Kristin Andersen Bakke is the
guarantor of this work and, as such, had full access to all the
data in the study and takes responsibility for the integrity of the
data and the accuracy of the data analysis. All authors have
agreed to submit the manuscript.

Conflicts of Interest

The authors declare no conflicts of interest.

Author Contributions

Kristin Andersen Bakke wrote the first draft. Torild
Skrivarhaug, Egil Midtlyng and Kristin Andersen Bakke con-
ceptualised the study. Kristin Andersen Bakke and Cathrine
Brunborg performed the statistical analysis. Torild Skrivarhaug
and Sissel Berge Helverschou supervised the study. Torild Skri-
varhaug was responsible for the collection of data in NCDR.

Funding

This study is part of a PhD project that is funded by the Oslo
University Hospital.

Acknowledgments

The authors are thankful to all the individuals with diabetes
and their families. The authors thank the Norwegian Study
Group for Childhood and Adolescent Diabetes for providing
data to the NCDR and the Department of Medical Biochemis-
try at Aker for the HbA1c analyses. The authors are grateful for
the contributions of the administrative staff at the NCDR
and the Norwegian Prescribed Drug Registry. The authors
are particularly thankful to Oslo University Hospital, which
funded the work, and for the support from ADHD Norway
and the Norwegian ADHD Research Network.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section. (Supporting Information)
Table S1: Annual period prevalence of prescribed ADHDmed-
ications 2005–2019 with 95% confidence intervals (CIs).

References

[1] A. Zare Dehnavi, I. Elmitwalli, H. O. H. Alsharif, et al., “Effects
of ADHD and ADHD Treatment on Glycemic Management in
Type 1 Diabetes: A Systematic Review and Meta-Analysis of
Observational Studies,” Diabetes Research and Clinical Practice
209 (2024): 111566.

[2] Y. Ai, J. Zhao, H. Liu, J. Li, and T. Zhu, “The Relationship
Between Diabetes Mellitus and Attention Deficit Hyperactivity
Disorder: A Systematic Review and Meta-Analysis,” Frontiers
in Pediatrics 10 (2022): 936813.

[3] I. Lindblad, A.-Charlotte Engström, C. Nylander, and E. Fernell,
“Adolescents With Type 1 Diabetes Mellitus and Attention-
Deficit/Hyperactivity Disorder Require Specific Support From
Healthcare Professionals,” Acta Paediatrica 106, no. 12 (2017):
1994–1997.

[4] X.-N. Xie, X. Lei, C.-Y. Xiao, Y.-M. Li, and X.-Y. Lei,
“Association Between Type 1 Diabetes and Neurodevelop-
mental Disorders in Children and Adolescents: A Systematic
Review and Meta-Analysis,” Frontiers in Psychiatry 13 (2022):
982696.

[5] T. Quattrin, L. D. Mastrandrea, and L. S. K. Walker, “Type 1
Diabetes,” The Lancet 401, no. 10394 (2023): 2149–2162.

[6] J. Posner, G. V. Polanczyk, and E. Sonuga-Barke, “Attention-
Deficit Hyperactivity Disorder,” The Lancet 395, no. 10222
(2020): 450–462.

Pediatric Diabetes 9

https://doi.org/10.1155/pedi/9574797


[7] American Psychiatric Association, “Diagnostic and Statistical
Manual of Mental Disorders (DSM-5),” (Washington, DC
(2013).

[8] J. Martin, “Why are Females Less Likely to be Diagnosed With
ADHD in Childhood Than Males?” The Lancet Psychiatry 11,
no. 4 (2024): 303–310.

[9] K. McNally, J. Rohan, J. S. Pendley, A. Delamater, and
D. Drotar, “Executive Functioning, Treatment Adherence, and
Glycemic Control in Children With Type 1 Diabetes,”
Diabetes Care 33, no. 6 (2010): 1159–1162.

[10] A. F. Vloemans, M. M. A. Eilander, J. Rotteveel, et al., “Youth
With Type 1 Diabetes Taking Responsibility for Self-
Management: The Importance of Executive Functioning in
Achieving Glycemic Control: Results From the Longitudinal
DINO Study,” Diabetes Care 42, no. 2 (2019): 225–231.

[11] M. M. Broadley, M. J. White, and B. Andrew, “A Systematic
Review andMeta-Analysis of Executive Function Performance
in Type 1 Diabetes Mellitus,” Psychosomatic Medicine 79,
no. 6 (2017): 684–696.

[12] M. E. Toplak, S. M. Bucciarelli, U. Jain, and R. Tannock,
“Executive Functions: Performance-Based Measures and the
Behavior Rating Inventory of Executive Function (BRIEF) in
Adolescents With Attention Deficit/Hyperactivity Disorder
(ADHD),” Child Neuropsychology 15, no. 1 (2009): 53–72.

[13] F. J. Cameron, E. A. Northam, and C. M. Ryan, “The Effect of
type 1 Diabetes on the Developing Brain,” The Lancet Child
and Adolescent Health 3, no. 6 (2019): 427–436.

[14] S. Liu, R. Kuja-Halkola, H. Larsson, et al., “Poor Glycaemic
Control Is Associated With Increased Risk of Neurodevelop-
mental Disorders in Childhood-Onset Type 1 Diabetes: A
Population-Based Cohort Study,” Diabetologia 64, no. 4
(2021): 767–777.

[15] M. de Bock, E. Codner, M. E. Craig, et al., “ISPAD Clinical
Practice Consensus Guidelines 2022: Glycemic Targets and
Glucose Monitoring for Children, Adolescents, and Young
People With Diabetes,” Pediatric Diabetes 23, no. 8 (2022):
1270–1276.

[16] D. M. Nathan, P. A. Cleary, J. Y. Backlund, et al., “Intensive
Diabetes Treatment and Cardiovascular Disease in Patients
With Type 1 Diabetes,” New England Journal of Medicine 353,
no. 25 (2005): 2643–2653.

[17] P. Reichard, B.-Y. Nilsson, and U. Rosenqvist, “The Effect of
Long-Term Intensified Insulin Treatment on the Development
of Microvascular Complications of Diabetes Mellitus,” New
England Journal of Medicine 329, no. 5 (1993): 304–309.

[18] H. Bratke, E. Biringer, A. Ushakova, et al., “Ten Years of
Improving Glycemic Control in Pediatric Diabetes Care: Data
From the Norwegian Childhood Diabetes Registry,” Diabetes
Care 47, no. 7 (2024): 1122–1130.

[19] T. Skrivarhaug, S. J. Kummernes, and N. A. Lund-Blix, “The
Norwegian Childhood Diabetes Registry (NCDR) Annual
Report, 2023,” (Oslo University Hospital (2024).

[20] S. Liu, R. Kuja-Halkola, H. Larsson, et al., “Neurodevelop-
mental Disorders, Glycemic Control, and Diabetic Complica-
tions in Type 1 Diabetes: A Nationwide Cohort Study,” The
Journal of Clinical Endocrinology & Metabolism 106, no. 11
(2021): e4459–e4470.

[21] P. R. Nielsen, M. E. Benros, and S. Dalsgaard, “Associations
Between Autoimmune Diseases and Attention-Deficit/Hyper-
activity Disorder: A Nationwide Study,” Journal of the
American Academy of Child & Adolescent Psychiatry 56, no. 3
(2017): 234–240.e1.

[22] A. Butwicka, L. Frisén, C. Almqvist, B. Zethelius, and
P. Lichtenstein, “Risks of Psychiatric Disorders and Suicide
Attempts in Children and AdolescentsWith type 1 Diabetes: A
Population-Based Cohort Study,” Diabetes Care 38, no. 3
(2015): 453–459.

[23] T. M. Kapellen, R. Reimann, W. Kiess, and K. Kostev,
“Prevalence of Medically Treated Children With ADHD and
Type 1 Diabetes in Germany–Analysis of Two Representative
Databases,” Journal of Pediatric Endocrinology and Metabo-
lism 29, no. 11 (2016): 1293–1297.

[24] U. K. Rout, N. K. Mungan, and D. M. Dhossche, “Presence of
GAD65 Autoantibodies in the Serum of Children With
Autism or ADHD,” European Child and Adolescent Psychiatry
21, no. 3 (2012): 141–147.

[25] N. Hansen, M. Lipp, J. Vogelgsang, et al., “Autoantibody-
Associated Psychiatric Symptoms and Syndromes in Adults: A
Narrative Review and Proposed Diagnostic Approach,” Brain,
Behavior, & Immunity-Health 9 (2020): 100154.

[26] A. Y. L. Chan, T.-T. Ma, W. C. Y. Lau, et al., “Attention-
Deficit/Hyperactivity Disorder Medication Consumption in
64 countries and Regions from 2015 to 2019: A Longitudinal
Study,” EClinicalMedicine 58 (2023): 101780.

[27] D. Hilgard, K. Konrad, M. Meusers, et al., “Comorbidity of
Attention Deficit Hyperactivity Disorder and Type 1 Diabetes in
Children and Adolescents: Analysis Based on the Multicentre
DPV Registry,” Pediatric Diabetes 18, no. 8 (2017): 706–713.

[28] C. Nylander, K. Lindström, N. Khalifa, and E. Fernell, “Previously
Undiagnosed Attention-Deficit/Hyperactivity Disorder Associ-
ated With Poor Metabolic Control in Adolescents With Type 1
Diabetes,” Pediatric Diabetes 19, no. 4 (2018): 816–822.

[29] S. A. G. de Vries, C. L. Verheugt, D. Mul, M. Nieuwdorp, and
T. C. J. Sas, “Do Sex Differences in Paediatric Type 1 Diabetes
Care Exist? A Systematic Review,” Diabetologia 66, no. 4
(2023): 618–630.

[30] C. Nylander and E. Fernell, “ADHD Should Be Considered in
Adolescents With Type 1 Diabetes and Poor Metabolic
Control,” Diabetologia 64, no. 8 (2021): 1897-1898.

[31] H. Kuśmierczyk-Kozieł, A. Michalak, J. Chrzanowski, et al.,
“Multicenter Screening for ADHDAmong School-Age Pediatric
Patients With Type 1 Diabetes-Study Protocol,” Nordic Journal
of Psychiatry 79, no. 2 (2025): 136–145.

[32] A. T. Zimmermann, S. Lanzinger, S. J. Kummernes, et al.,
“Treatment Regimens and Glycaemic Outcomes in More
Than 100 000 Children With Type 1 Diabetes (2013-22): A
Longitudinal Analysis of Data From Paediatric Diabetes
Registries,” The lancet. Diabetes and Endocrinology 13, no. 1
(2024): 47–56.

10 Pediatric Diabetes


	Comorbidity of Type 1 Diabetes and ADHD: A Longitudinal Cohort Study in Males and Females From the Norwegian Childhood Diabetes Registry
	1. Introduction
	2. Materials and Methods
	2.1. Study Design and Materials
	2.2. Participants
	2.3. Ascertainment of ADHD
	2.4. Variables of Interest
	2.5. Statistical Analyses

	3. Results
	3.1. Results Part 1
	3.2. Results Part 2

	4. Discussion
	5. Conclusions
	Data Availability Statement
	Ethics Statement
	Disclosure
	Conflicts of Interest
	Author Contributions
	Funding
	Acknowledgments
	Supporting Information
	References




