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SUMMARY

Objective: Type 2 Diabetes Mellitus (DM) is a chronic
metabolic disease and a global health problem.
Inadequate glycemic control and diabetes self-manage-
ment can cause many secondary diseases. There are few
studies on the association between attention deficit
hyperactivity disorder (ADHD) and type 2 DM. Our study
compares adult and childhood ADHD symptoms and
signs and impulsivity in type 2 DM patients and healthy
controls. Method: In this case-control study, data were
collected voluntarily. The study was carried out with a
total of 200 participants, including 100 people in both
the Type 2 diabetes group and the healthy control group.
The Barratt Impulsivity Scale version 11 (BIS-11), Adult
ADHD Self-Report Scale (ASRS), Wender-Utah Rating
Scale (WURS) and demographic information form were
applied to the participants and compared between the
groups. Results: The mean ASRS attention score, ASRS
hyperactivity score, ASRS total score, WURS total score,
BIS total score of the type 2 DM group were significantly
higher than the control group. Moreover, the probability
of ADHD was evaluated using the cut-off scores in the
ASRS and WURS scales, and it was detected in signifi-
cantly more people in the type 2 DM group.
Discussion: Our study revealed that attention deficit,
hyperactivity, and impulsivity symptoms are more com-
mon in type 2 DM patients than controls. Evaluation of
these symptoms may be beneficial in the self-manage-
ment of diabetes and in improving glycemic control.
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OZET

Amac: Kronik, metabolik bir hastalik olan tip 2 Diyabetes
Mellitus (DM), kiresel bir saghk sorunudur. Yetersiz diya-
bet 6zy6netimi ve glisemik kontrol bircok ikincil hastaliga
sebep olabilir. Dikkatsizlik, motor hiperaktivite ve
durttsellik ile karakterize Dikkat Eksikligi Hiperaktivite
Bozuklugu (DEHB) ve tip 2 DM arasindaki iliski hakkinda
yeterince calisma yoktur. Calismamizda tip 2 DM
hastalarinda ve saglikli kontrollerde eriskin ve cocukluk
cagindaki DEHB belirti ve bulgular ile durtuselligi
karsilastirmayr amacladik. Yontem: Arastirmamiz bir
olgu-kontrol calismasi olup veriler gonulla katilim
esasina gore toplandi. Calisma Tip 2 diyabet ve saglikl
kontrol grubunda 100 kisi olmak Uzere toplam 200
katilimcr ile gerceklestirildi. Calismaya alinan katilimcilara
Eriskin Dikkat Eksikligi Hiperaktivite Bozuklugu Oz
Bildirim Olcegi (EDHO), Wender-Utah Derecelendirme
Olcegi (WUDOQ), Barratt Durtusellik Olcegi 11. versiyon
(BIS-11), demografik bilgi formu uygulandi ve gruplar
arasinda karsilastirildi. Bulgular: Tip 2 DM grubunun
ortalama EDHO dikkat puani, EDHO hiperaktivite puani,
EDHO toplam puani, WUDO toplam puani, BDO toplam
puani, kontrol grubuna goére anlamli olarak yliksek
bulundu. Ayrica EDHO, WUDO élceklerinde kesme puan-
lar kullanilarak DEHB olasiligi degerlendirildi ve tip 2 DM
grubunda anlaml olarak daha fazla kiside tespit edildi.
Sonug: Calismamizda tip 2 DM hastalarinda dikkat
eksikligi, hiperaktivite ve durtisellik semptomlar kon-
trollere gore daha fazla bulundu. Diyabetin 6z yoneti-
minde ve glisemik kontroliin iyilestiriimesinde bu
semptomlarin degerlendirilmesi faydali olabilir.

Anahtar Soézciikler: Dikkat eksikligi
bozuklugu, durtusellik, tip 2 diyabet

hiperaktivite
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INTRODUCTION

Diabetes mellitus (DM) is an increase in blood glu-
cose due to insufficient secretion of insulin or insuf-
ficient use of secreted insulin (1). Type 2 DM,
which constitutes 90% of diabetes patients and
manifests itself with insufficient insulin function, is
a global health problem with increasing prevalence
and incidence rates every year (2,3).
Mismanagement of diabetes that results in high
blood sugar can cause several secondary diseases.
The risk of heart attack increases up to 200% in
patients with diabetes (4). In severe cases, inade-
quate glycemic control can result in foot infections
and limb amputations (5). In addition, diabetes can
cause kidney failure and stroke (6,7). Comorbid
somatic diseases and psychological disorders relat-
ed to diabetes can also be seen (8).

Impulsivity manifests itself in behaviors that lack
adequate reflection and foresight. The diagnosis of
type 2 diabetes is associated with impulse control
disorders, especially eating disorders (9).
Moreover, impulsivity has been identified as poten-
tial risk factor for developing type 2 DM (9). These
findings suggest that impulsivity may impair dia-
betes self-management through lack of planning
and inadequate behavioral regulation.

Attention Deficit Hyperactivity Disorder (ADHD)
is a chronic neuropsychiatric disorder that begins in
childhood and is characterized by attention deficit,
impulsive behavior and hyperactivity (10). ADHD
symptoms typically appear in childhood, and
approximately 50% of these symptoms are carried
over to adulthood (11,12). Studies have reported
an increase in the prevalence of ADHD in recent
years (13). In parallel, childhood obesity has been
increasing over the past years. The comorbidity of
ADHD and obesity has been evaluated. Despite
the contradictory findings in the studies, meta-ana-
Iytical evidence indicates a significant relationship
between ADHD and obesity, independent of psy-
chiatric comorbidity (14). The relationship
between obesity, metabolic syndrome, and ADHD
is well known. However, the relationship between
ADHD and diabetes, one of the metabolic syn-
drome components, is not well established.
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The present study compares adult and childhood
ADHD symptoms and signs and impulsivity in
healthy controls and type 2 DM patients.

METHOD

The study was carried out in the internal medicine
outpatient clinic of Kafkas University Research
Hospital between April 1, 2020, and January 1,
2021. All procedures were performed under the
1964 Declaration of Helsinki and its subsequent
amendments, and the Ethics Committee approved
the study of Kafkas University Faculty of Medicine
at session 04, dated February 2, 2020.

Participants

The patient group (n=99) of this study consists of
individuals older than 18 years of age and at least a
primary school graduate who applied to the
Internal Medicine outpatient clinic of Kafkas
University Research and Application Hospital and
were diagnosed with type 2 DM for at least one
year. A control group was formed with 100 age- and
gender-matched healthy individuals. Those with
comorbid psychotic, neurocognitive, substance use
disorders, or psychotropic drug use were excluded.

Data Collection Tools

Social and Demographic Factors: Initially, the age,
gender, education level, and marital status of all
participants were assessed using a sociodemo-
graphic questionnaire prepared by the researchers.

Adult Attention Deficit Hyperactivity Disorder
(ADHD) Self-Report Scale (ASRS): It was devel-
oped by the World Health Organization (15). It has
two subscales; hyperactivity/impulsivity and atten-
tion deficit. It is a five-point Likert-type scale, in
which each item is rated between 0 and 4. Those
with a total score of 24 or higher on either of the
two subscales were considered "highly likely to have
ADHD," 17-23 "likely to have ADHD," and 0-16
"unlikely to have ADHD." This scale has a Turkish
validity and reliability study (16).

Wender-Utah Rating Scale (WURS): 1t was designed
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to evaluate the childhood signs and symptoms of
ADHD in adults. The self-report scale is in five-
point Likert-type, consisting of 25 items, in which
each item is rated between 0 and 4. The cut-off
score for the diagnosis of ADHD is accepted as 36
and above. The Turkish validity and reliability of
the scale were established, and the cut-off point
was determined as 36 (17).

Barratt Impulsivity Scale version 11 (BIS-11): It was
developed to measure impulsivity. BIS-11 is a 4-
point Likert-type scale in which each item is rated
between 1 and 4. This scale has a Turkish validity
and reliability study (18).

Data Evaluation

The data were evaluated using the SPSS (24.0) soft-
ware package. The data were presented in tables as
the number of individuals, percentage, arithmetic
mean, and standard deviation. Statistical signifi-
cance level was determined as 0.05.Kolmogorov
Smirnov test, kurtosis, and skewness values were
used to assess the conformity of the data to normal
distribution. The independent sample t-test was
used to determine the difference between the
means of the two groups, and the Chi-square test
was used for categorical variables.

RESULTS

The study consisted of 54 women and 45 men (n =
99) in the type 2 DM group and 56 women and 44
men (n = 100) in the control group. The mean age
of participants was 56.30%+9.63 years in the type 2
DM group and 57.42%6.19 years in the control
group. The mean education period was 7.36+2.91
years in the type 2 DM group and 6.70%2.09 years
in the control group. There were five alcohol users,
18 smokers in the type 2 DM group, six alcohol
users, 20 smokers in the control group. There was
no statistically significant difference between the
groups in terms of age, education, gender, alcohol,
and cigarette use (p=0.332, p=0.660, p=0837,
p=0.769, p=0.744, respectively) (Table 1). The
mean Body mass index (BMI) was 30.98+4.81 in
the type 2 DM group and 26.39+3.70 in the control
group. In the type 2 DM group, 76 were married, 23
were unmarried; in the control group, 92 were mar-
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Table 1. Demographic Characteristics of Type 2 DM and Control Groups

Type 2 DM Control Group  p
Group =100
n=99
Age (Mean-Sd) 56.30-9.63 57.42-6.19 0.332
Education (Year) 7.36-2.91 6.70-2.09 0.660
(Mean-Sd)
BMI (Mean-Sd) 30,98-4.,81 26.39-3.70 <0.001
n (%) n (%)
Gender Female 54 (54.5) 56 (56)
Male 45 (45.5) 44 (44) 0.837
Smoking 18 (18.2) 20 (20) 0.744
Uses alcohol 5(5.1) 6 (6) 0.769
Marital Status Married 76 (76.8) 92 (92)
Single 23(23.2) 8(8) 0.03

Sd : Standart Deviation, BM : Body Mass Index, p<0.05

ried, and eight were unmarried. A significant dif-
ference was detected between the groups in terms
of BMI and marital status (p<0.001 and p=0.03,
respectively) (Table 1).

The mean ASRS attention score of the type 2 DM
group was 13.19+6.14, ASRS hyperactivity score
was 14.71x5.70, ASRS total score was
28.24+11.07, WURS total score was 37.24+17.87,
BIS total score was 61.55+10.78; the mean ASRS
attention score of the control group was 7.04+3.97,
ASRS hyperactivity score was 4.82+4.38, ASRS
total score was 12.86+9.74, WURS total score was
15.02+9.53, BIS total score was 51.46+8.76, and
there was a statistically significant difference
between the groups (all p<0.001) (Table 2).

Those who scored 24 points or more from any of
the two subscales of ASRS (ASRS (24)) were 13 in
the type 2 DM group, 4 in the control group; those
who scored 17 or higher (ASRS (17)) were 42 in
the type 2 DM group, 9 in the control group; those
who scored 36 or more in the total WURS score

Table 2. Comparison of Type 2 DM andControl Groups According to ASRS, WURS, BI¢

Scores

Type 2 DM Group Control Group P

n=99 n=100

Mean-Sd Mean-Sd
ASRS attention 13,.19-6.14 7.04-3.97 <0.001
ASRS hyperactivity 14.71-5.70 4.82-4.38 <0.001
ASRS Total 28.24-11.07 12.86-9.74 <0.001
WURS Total 37.24-17.87 15.02-9.53 <0.001
BIS-11 Total 61.55-10.78 51.46-8.76 <0.001

BIS-11: Barratt Impulsivity Scale version 11, ASRS: attention deficit hyperactivity disorder
Self-Report Scale, Sd:Standart Deviation, WURS: Wender-Utah rating scale
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Table 3. Comparison of Type 2 DM and Control Groups According to ASRS and WURS

Cut-off Scores

Type 2 DM Group Control Group p

n=99 n=100
Scales (cutscore) n (%) n (%)
ASRS (24) 13 (13.1) 44 0.02
ASRS (17) 42 (42.4) 9(9) <0.001
WURS (36) 41 (41.4) 6 (6) <0.001

ASRS: attention deficit hyperactivity disorder Self -Report Scale , WURS: Wender -Utah

rating scale

(WURS (36)) were 41 in the type 2 DM group, 6 in
the control group. Comparison using these cut-off
scores revealed a statistically significant difference
between the groups (p =0.02, p<0.001 and p0.001,
respectively) (Table 3).

DISCUSSION

This case-control study compared the type 2 DM
and control groups regarding attention deficit,
hyperactivity, and impulsivity symptom scores using
the ASRS, WURS, and BIS scales and revealed sig-
nificantly higher in the type 2 DM group. In addi-
tion, evaluating the ASRS and WURS scales
according to the cut-off scores determined for the
diagnosis of ADHD revealed that the number of
people diagnosed with ADHD was significantly
higher in the type 2 DM group than in the control

group.

The diagnosis of type 2 diabetes has been associa-
ted with impulse control disorders (9). Impulsivity
has been evaluated as a risk factor for the develop-
ment of type 2 DM(19-21). Besides, Eckstrand et
al. linked food stimuli-related impulsivity to high
insulin resistance (22). Our study also determined a
significantly higher impulsivity score in type 2 DM
patients than in the control group. As impulsivity
may impair diabetes self-management, its assess-
ment is crucial in patients with type 2 DM.

There are only a limited number of studies evalua-
ting the relationship between ADHD and type 2
DM. A study examining the Swedish national
health registry to investigate the relationship
between adult ADHD and metabolic disease
reported a higher prevalence of type 2 DM in
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adults with ADHD than those without ADHD
(23). A study conducted in Taiwan in which adoles-
cents and young adults with ADHD were followed
up to 9 years found that those diagnosed with
ADHD had a higher risk of developing type 2 DM
than controls (24). Considering these studies, the
results of our study are consistent with the litera-
ture.

In adults with type 2 DM, decreased white matter
volume and cortical/subcortical atrophy were
detected, especially in the frontal region (25,26).
The deterioration in cognitive functions in patients
with type 2 DM was also associated with the
decreased blood circulation of the frontal and pari-
etal lobes (27). Damage to these regions can cause
attention deficit, disorders in emotion regulation,
and behavioral deterioration.

In ADHD, attention deficit, hyperactivity and dis-
turbance in emotion regulation are seen.
According to various neuroimaging studies, the la-
teral and medial prefrontal cortices, the lateral-
inferior parietal and parietal-temporal-occipital
cortices on the surface of the right hemisphere, and
the cortico-striatal and cortico-cerebellar networks
form the center of attention in the brain (28,29).
These areas play a role in the formation of cogni-
tive, emotional, and behavioral functions (30). Type
2 DM most commonly affects the frontal and hip-
pocampus areas, explaining the risk of later deve-
loping ADHD symptoms.

Our study has limitations. The small number of
cases in the patient and control groups can be con-
sidered a relative limitation. However, a prelimi-
nary power analysis was performed using
G*Power3.1 to test the difference between the
mean of two independent groups using the medium
effect size (d= 0.50) and alpha=0.05. Accordingly,
a total of 128 participants was required, with two
equally sized groups of n=64 to achieve a power of
0.80. According to this a priori power analysis, our
sample size can be considered sufficient. Another
limitation of our study is the use of self-evaluation
questionnaires without a diagnosis by a psychiatrist.
Future studies to be conducted with larger sample
groups using psychiatric interviews can provide
more precise results.
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CONCLUSION

Our study shows that attention deficit, hyperactivi-
ty, and impulsivity symptoms are more frequent in
type 2 DM patients than controls. These symptoms
may be risk factors for type 2 DM patients or
adversely affect treatment compliance. Easy-to-use
questionnaire-based patient screening can be made
to support diabetes management by developing
interventions tailored to these symptoms. This, in
turn, can enable diabetes self-management and
blood sugar control.
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