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Objective: The aim of this case-controlled study is to evaluate chronic inflammation, subclinical atherosclerosis and
cardiovascular disease risk in children and adolescents with ADHD.

Methods: A total of 51 medication-free children and adolescents with ADHD and 51 healthy controls were included
in this study. K-SADS-PL was used to determine the diagnosis of ADHD and other psychiatric disorders. Conners’ Parent
Rating Scale-Revised Short Form and the Conners’ Teacher Rating Scale-Revised Short Form severity of ADHD was
used to evaluate severity of ADHD. In order to evaluate subclinical atherosclerosis, common carotid intima media thickness
(IMT), epicardial adipose tissue thickness (EAT), and periaortic adipose tissue thickness (PAT) were assessed as well
as clinical parameters.

Results: The IMT (0.037 = 0.005 cm vs. 0.026 = 0.003 cm), EAT (0.472 = 0.076 cm vs. 0.355 = 0.051 cm), and
PAT (0.135 + 0.016 cm vs. 0.118 + 0.009 cm) measurements were significantly higher in the ADHD group than in
the control group. Additionally, partial correlation analyses revealed that a positive correlation was observed between
IMT and EAT, and PAT measurements separately. Multivariate linear regression analysis revealed that, body mass index
(BMI) positively predicted IMT. Also, age and BMI positively predicted the EAT levels of the subjects with ADHD.
Conclusion: Our results suggest that children and adolescents with ADHD have a risk for cardiovascular disease. For
this reason, subclinical atherosclerosis should be taken into consideration in the follow-up and treatment of ADHD
for cardiovascular disease risk.

KEY WORDS: Attention-deficit/hyperactivity disorder; Intima-media thickness; Epicardial adipose tissue thickness; Periaortic
adipose tissue thickness; Chronic inflammation; Cardiovascular disease.

INTRODUCTION [3]. Although a common disorder, the pathophysiologic
mechanisms of ADHD are not completely understood. In
Attention-deficit/hyperactivity disorder (ADHD) is a com-

mon neurodevelopmental disorder with an onset during

recent years, increasing evidence indicates a critical role
for chronic inflammation as a pathophysiologic mecha-

childhood, characterized by inattention, hyperactivity and
executive dysfunction [1]. ADHD has a worldwide preva-
lence of 5.9 —7.1% for children and adolescents [2]. The
pathophysiology of ADHD is complex and includes bio-
chemical, psychological, genetic, and environmental factors
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nism for ADHD [4].

Atherosclerosis (AS) is a condition characterized by a
long, initial, asymptomatic phase and atherosclerotic
heart disease is one of the leading causes of mortality all
over the world. Although adverse clinical outcomes usu-
ally occur in middle age, atherosclerotic heart disease is
known to develop early in life [5]. The progression of sub-
clinical and asymptomatic atherosclerotic heart disease
over the years can lead to a variety of acute coronary
events such as acute myocardial infarction, unstable angi-
na or sudden cardiac death [6]. By this way, subclinical
AS is a precursor of cardiovascular diseases (CVD) which
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is highly prevalent in people with optimal control of the
risk factors, and has been shown most often using in-
tima-media thickness or the presence of carotid plaque as
diagnostic criteria [7]. Various invasive and noninvasive
imaging modalities have allowed detection of early and
subclinical atherosclerotic lesions, as well as examination
of the natural history of these lesions as it relates to plaque
progression and plaque instability [6]. Because plaque
progression is a necessary and modifiable step between
subclinical AS and an acute coronary event, early de-
tection of subclinical AS leads to early treatment. Also,
there are non-modifiable risk factors for the AS, as well as
the modifiable/lifestyle risk factors, such as hypertension,
dyslipidemia, smoking, obesity, and metabolic diseases
[8]. In this context, subclinical AS has been the subject of
several studies because it develops early in life and is an
important marker of the possible risk of CVD. However,
studies of children and adolescents on this issue are lim-
ited in number and have complex results. One of the most
commonly used markers in research for this purpose is
common carotid intima media thickness (IMT) which an
important marker for early AS that can be measured easily
in a non-invasive manner. There are various studies sug-
gesting that high IMT levels in mood disorders such as de-
pression and bipolar disorder in youth are associated with
CVD risk [9]. There is only one study in which CVD risk
was determined by evaluating IMT levels in children and
adolescents with ADHD [10]. However, epicardial adi-
pose tissue (EAT) thickness, and periaortic adipose tissue
(PAT) were not evaluated in the study. By this way, as a
significant indicator of subclinical AS, IMT, EAT, and PAT
are associated with subsequent risk of CVD [11-13].

On the other hand, atherosclerosis is a chronic disease
in which inflammation plays an important role at all
stages, from development and progression to the determi-
nation of incident clinical events [14]. The relationship
between ADHD and inflammation has been investigated
in several studies from various aspects. Evidence for this
relationship comes mainly from: (1) studies showing a
strong association between ADHD and autoimmune and
inflammatory disease; (2) studies reporting increased se-
rum levels of inflammatory markers in ADHD; and (3) evi-
dence from genetic studies [15]. Additionally, a recent
study suggested that anti-cytokine therapy could be a
promising aspect in moderating atherogenesis, especially
when initiated in the early stages of subclinical AS [16].

So, all these studies suggest that chronic inflammation is
the main underlying disease of subclinical AS.

To our knowledge, there is only one study about the re-
lationship of ADHD and subclinical AS by measuring IMT
as a risk factor of CVD. Also, there is no study about the re-
lationship of ADHD and subclinical AS by measuring EAT
and PAT. The aim of this study was to evaluate IMT, EAT,
and PAT as indicators of subclinical AS in children and
adolescents with ADHD as compared with healthy controls.

METHODS

Participants

The study sample group was recruited from the out-
patient clinic of the child and adolescent psychiatry de-
partment of a children’s hospital. The group comprised
treatment-naive children and adolescents aged 8 —17 years
who were diagnosed as having ADHD according to the
Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition (DSM-5) criteria. The exclusion criteria were
the presence of major physical, cardiological, endocrino-
logical (such as familial hypertriglyceridemia or hyper-
cholesterolemia), or neurologic diseases, obesity, co-
morbid psychiatric disorders, and smoking. Participants
who had previously used psychotropic drugs prior to ad-
mission were also excluded from the study to prevent the
bias in the study population. The average duration of the
disorder was calculated by considering the time between
the onset of ADHD symptoms and diagnosis. The control
group consisted of healthy volunteer children and adoles-
cents aged 8 —17 years. The same exclusion criteria were
applied to the healthy control group. Subjects who had
any psychiatric disorders in the healthy control group
were also excluded from the study. A semi-structured in-
terview (The Schedule for Affective Disorders and Schizo-
phrenia for School-Aged Children, Present and Lifetime
Version, K-SADS-PL) was applied to all participants.

All the children were examined by the same physician
at the time of their recruitment into the study. Their height
and weight were obtained by standard measurements.
We calculated the body mass index (BMI) using the for-
mula BMI = weight (kg) / height (m)* and the patients with
the values < 24.9 kg/m’ with age- and sex-adjustment,
based on the national reference data were included in the
study [17].

Blood pressure (BP) was measured with an appropri-
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ately sized cuff with a standardized automated Dinamap
on the right arm in the sitting position after a 3-minutes
rest period. Also, a 12-lead surface electrocardiogram
was performed for all subjects.

The study was approved by the ethics committee of
Karatay University with the number 2020/002 and all pro-
cedures were conducted in accordance with the Declaration
of Helsinki and local laws and regulations. The partic-
ipants and their parents gave their written informed con-
sent after the investigators explained the aim and course
of the study. Oral assent was also obtained from all
participants.

Procedures

K-SADS-PL was administered to the patients and con-
trol subjects by experienced child and adolescent psy-
chiatrists for diagnosis and to determine comorbid psychi-
atric disorders [18,19]. The diagnoses of ADHD were
made based on the DSM-5 criteria. Parents and school
teachers of the participants completed the Conners’ Parent
Rating Scale-Revised Short Form (CPRS) and the Conners’
Teacher Rating Scale-Revised Short Form (CTRS) [20,21].
The reliability and the validity of all scales were pre-
viously established for our native language [22,23]. After
completion of psychiatric assessments, height, weight,
blood pressure, BMI and echocardiography measure-
ments of the children were made by the same pediatric
cardiologist.

Psychological Measures/Instrumentation

The schedule for affective disorders and schizophrenia
for school-aged children, present and lifetime version
K-SADS-PL is a semi-structured interview method used
to identify psychiatric disorders in children and adole-
scents. It can detect both present and past psychiatric
disorders. It is applied face-to-face to children, adoles-
cents and their parents. The conclusion is reached by tak-
ing into account the information received from the teach-
er, parents, and the child or adolescent. If conflicting data
are obtained from different sources, the clinician uses
his/her clinical judgment to settle the issue. A validity and
reliability study was conducted for our nation [18,19].

The Conners’ parent rating scale-revised short form and
the Conners’ teacher rating scale-revised short form
CPRS and CTRS are questionnaires used in the diag-
nosis and follow-up processes of ADHD and adminis-
tered to parents and teachers respectively. They are a
4-point Likert type. The score value for each item varies
between 0—3. A high score indicates that the child has
more of the problems described in the questionnaire
about ADHD. Validity and reliability studies of both ques-
tionnaires were conducted for our nation [20-23].

Echocardiographic Measurements

M-Mode echocardiographic measurements
Echocardiographic investigations were performed using
a Philips Affiniti 50 device (Philips Healthcare, Andover,
The Netherlands) with 2.0—4.0 MHz transducers. All
measurements were performed according to the American
Society of Echocardiography by the same observer who
was blinded to the patients’ clinical details [24]. The
measurements were obtained during three consecutive
cardiac cycles and the average values were computed.
Ejection fraction (EF) and fractional shortening (FS) of the
left ventricle (LV), right ventricle (RV), interventricular
septum systolic (IVSs) and diastolic (IVSd) thickness, LV
end-systolic and end-diastolic dimensions, and LV poste-
rior wall systolic (LVPWs) and diastolic (LVPWd) thick-
nesses were measured from M-mode echocardiographic
tracings obtained at the midchordal level in the para-
sternal long axis view. The left ventricular mass (LVM) was
estimated by using the anatomically validated formula of
Devereux and Reichek [25]. The left ventricular mass in-
dex (LVMI) was calculated by dividing the LVM to the
height as previously described by de Simone et al. [26].

Measurement of common carotid artery intima-media
thickness

Longitudinal images of the common carotid artery were
obtained using the 2-dimensional (2D) mode and color
Doppler examinations combined. Patients’ heads were
turned 45° toward the side opposite the side being
examined. Also, patients’ carotid arteries were angled as
perpendicular to the plane of sound as possible. The
depth of echocardiographic device increased to 90 Hz for
all measurements. The lateral (90°), anterior (45°) and
posterior (135°) projections in the distal wall followed an
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axis perpendicular to the artery to distinguish between
two lines: one for the intima —blood interface and the oth-
er for the media—adventitious interface. The common
carotid artery IMT measurement protocol consisted of
scanning each of the carotid arteries in three segments: (1)
the near wall and far wall of the segment extending from
10 to 20 mm proximal to the tip of the flow divider into
the common carotid artery; (2) the near wall and far wall
of the carotid bifurcation beginning at the tip of the flow
divider and extending 10 mm proximal to the flow divider
tip; and (3) the near wall and far wall of the proximal 10
mm of the internal carotid artery. On a longitudinal echo-
cardiographic image, the posterior wall of the carotid ar-
tery was displayed as two bright white lines separated by
a hypoechogenic space [27]. The mean IMT was calcu-
lated from three consecutive measurements.

Measurement of epicardial adipose tissue thickness

The epicardial adipose tissue was identified as an
echo-free space in the pericardial layers on 2D echo-
cardiography, and its thickness was measured perpendic-
ularly on the free wall of the RV at end-diastole from the
parasternal long-axis views [28]. Also, the depth of echo-
cardiographic device increased to 90 Hz for all mea-
surements. The mean EAT was calculated from three con-
secutive measurements.

Measurements of periaortic adipose tissue thickness

Measurement of perivascular adipose tissue wew per-
formed using conventional methods from the adventitia
layer of the abdominal aorta and the adventitial layer of
the aorta adjacent to the form of the measurement of the
linear echogenic line. Periaortic adipose tissue cannot be
directly distinguished with echocardiographic and ultra-
sonographic images in deep tissue. Therefore, it should be
measured with adventitia. Measurements were taken in
the axial plane in the supine position at the L1—2 level
(just above the umbilicus), proximal to the iliac bifurca-
tion [12,29]. Also, patients’ abdominal aortas were an-
gled as perpendicular to the plane of sound as possible
and the depth of echocardiographic device increased to
90 Hz for all measurements. Evaluations were repeated
three times and the mean value was calculated.

Statistical Analysis
The normality of distribution of continuous variables

was tested by Shaphiro—Wilk test. First, Student ¢ (for
normal data) and Mann —Whitney U test (for non-normal
data) and chi-square test (categorical data) were used to
compare 2 independent groups. Partial correlation co-
efficients were calculated to investigate relationship be-
tween numerical variables. Multivariate linear models
were built for adjusting effect of possible confounding fac-
tors and estimating adjusted beta coefficients. While
building models, multicollinearity was checked by calcu-
lating variance inflation factors (VIF). Variables were in-
cluded to model when VIF is smaller than 2. Intraobserver
variability was assessed using Pearson’s correlation analy-
sis, coefficient of variance, and Bland —Altman analysis.
All statistical analysis was performed with SPSS for
Windows version 24.0 (IBM Co., Armonk, NY, USA) and
a p value < 0.05 was accepted as statistically significant.

RESULTS

The study consisted of 51 children and adolescents
with ADHD and 51 healthy controls. The mean age of the
children and adolescents with ADHD was 11.02 + 2.1
(range, 8 —17) years; the ADHD study sample consisted
of 38 (74.5%) boys and 13 (25.5%) girls. The mean age of
the healthy control group was 11.2 + 2.1 years (range = 8 —
17 vyears); the healthy control group consisted of 32
(62.7%) boys and 19 (37.3%) girls. There is no statistically
significant difference between the groups in terms of age
and sex distribution (p = 0.524, p = 0.200 respectively).
The average duration of the disorder in patients with
ADHD was 3.92 + 2.39 years. The study groups were sim-
ilar in terms of family income and parents’ educational
levels. Table 1 presents and compares the descriptive da-
ta, socioeconomic variables and patients the clinical vari-
ables of the study groups. No significant differences were
found between the groups in terms of BMI, systolic blood
pressure (BP-S), diastolic blood pressure (BP-D), mean
blood pressure, and other descriptive data and, socioeco-
nomic variables. On the other hand, in the comparison of
psychometric measurements CPRS-RS and CTRS-RS scores
were significantly higher in the ADHD group than in the
healthy control group (p < 0.001 for both).

Table 2 presents and compares the M-mode echo-
cardiographic measurements of the study groups. Statistically,
no significant between-group differences were found for
EF, FS, IVSd, LVPWs, LVPWd, LVM, LVIDs, LVIDd, IVSs,
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Table 1. Demographic and clinical characteristics of the participants

Variable ADHD group (n = 51) Control group (n = 51) p value
Age (yr) 11.02£2.18 11.29 £ 2.15 0.524
Sex, male/female 38 (74.5)/13 (24.5) 32(62.7)/19 (37.3) 0.200
Body mass index (kg/m?) 18.88 £ 2.74 18.17 £2.28 0.158
Systolic blood pressure (mmHg) 103.82 +12.63 102.75 +9.6 0.903
Diastolic blood pressure (mmHg) 68.43 + 8.33 66.08 + 7.5 0.140
Mean blood pressure (mmHg) 80.22 + 8.83 78.3 £7.67 0.242
CPRS-RS 48.51 £ 11.66 22.63 = 8.48 <0.001*
CTRS-RS 45.45 +11.59 23.27 £9.55 <0.001*
Values are presented as mean =+ standard deviation or number (%).
CPRS-RS, Conners’ Parent Rating Scale-Revised Short; CTRS-RS, Conners’ Teacher Rating Scale-Revised Short.
*p < 0.001; chi-square test for categorical data, Mann—Whitney U and Student ¢ test for numerical data.
Table 2. Comparison analyses for M-mode echocardiographic measurements among the groups
Variable ADHD group Control group p value [Pt fusi=]
LVPWs (mm) 1.24 £0.15 1.2+0.16 0.385 0.492
LVIDs (mm) 2.44+£0.29 2.42+0.3 0.976 0.900
IVSs (mm) 1.24+0.18 1.24 £0.14 0.908 0.874
LVPWd (mm) 0.72 +0.1 0.71 +£0.19 0.879 0.964
LVIDd (mm) 4.15+0.43 4.08 +0.34 0.296 0.511
IVSd (mm) 0.68 + 0.1 0.67 +£0.12 0.339 0.397
EF (%) 72.06 + 5.45 72.63 £8.73 0.969 0.825
FS (%) 41.07 £ 4.7 40.35 +£4.98 0.217 0.292
LVM (mm) 89.07 + 24.31 81.66 + 26.82 0.316 0.571
LVMI (mm) 31.77 +7.2 29.21 £6.25 0.112 0.234

Values are presented as mean =+ standard deviation.

P adiusted, Multivariate linear model results adjusted by sex, age, BMI, mean blood pressure and socioeconomic level; LV, left ventricle; EF, ejection
fraction; FS, fractional shortening; 1VSs, interventricular septum systolic thickness; 1VSd, interventricular septum diastolic thickness; LVPWs, LV
posterior wall systolic thicknesses; LVPWd, LV posterior wall diastolic thicknesses; LVM, left ventricular mass; LVMI, left ventricular mass index;
LVIDs, LV end-systolic dimensions; LVIDd, LV end-diastolic dimensions.

and LVMI measurements (p > 0.05 for all). Additionally,
the significance levels did not change when the parameters
were analyzed according to sex, age, BMI, mean blood
pressure and socioeconomic status levels (p agjusied > 0.05
for all) (Table 2).

On the other hand, the comparison of IMT, EAT, and
PAT measurements of the groups revealed a significant
statistically difference between the two groups. The IMT
(0.037 + 0.005 cm vs. 0.026 + 0.003 cm), EAT (0.472 +
0.076 cmvs. 0.355 + 0.051 cm), and PAT (0.135 +0.016
cmvs. 0.118 +0.009 cm) measurements were found to be
higher in the ADHD group than in the healthy control
group (p < 0.001 for all) Also, the significance levels did
not change when the parameters were analyzed according
to sex, age, BMI, mean blood pressure and socioeconomic
level values (p adjused < 0.001 for all) (Table 3).

According to the partial correlation analyses, a positive

moderate correlation was observed between IMT and
EAT, and PAT measurements separately (p < 0.001 for
both) (Table 4). Also, a positive correlation was observed
between CPRS-RS and CTRS-RS (p < 0.05 for both).
However, no significant correlation was found between
the IMT, EAT, PAT measurements and CPRS-RS, CTRS-RS
and duration of ADHD (p > 0.05, for all).

The psychological variables predicting the IMT, EAT,
and PAT levels were determined using multivariate linear
regression in the patients with ADHD. As shown in Table
5, BMI positively predicted the IMT levels in the re-
gression analysis model (p = 0.040). Age and BMI pos-
itively predicted the EAT levels of the subjects with ADHD
(p=0.004, p=0.001).

Intraobserver variability of EAT and common carotid
artery IMT measurements were less than 6.1% (0.2 —
9.3%). Also, intraobserver variability of ultrasonographic
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Table 3. Comparison analyses for IMT, EAT, PAT measurements between the groups

Variable ADHD group Control group p value P adjusted
IMT (cm) 0.037 £ 0.005 0.026 + 0.003 < 0.001 < 0.001
EAT (cm) 0.472 £ 0.076 0.355 £0.051 < 0.001 < 0.001
PAT (cm) 0.135+0.016 0.118 + 0.009 < 0.001 < 0.001

Values are presented as mean =+ standard deviation.

P adjusted, Multivariate linear model results adjusted by sex, age, BMI, mean blood pressure and socioeconomic level; IMT, common carotid artery
intima-media thickness; EAT, epicardial adipose tissue thickness; PAT, periaortic adipose tissue thickness.

Table 4. Partial correlations of the IMT, EAT, and PAT measurements with psychological variables

Variable IMT EAT PAT Duration CTRS-RS CPRS-RS
IMT 1

EAT 0.192** 1

PAT 0.459** —0.116 1

Duration —0.059 —0.226 0.120 1

CTRS-RS —0.053 —0.063 0.087 —0.126 1

CPRS-RS 0.005 0.065 0.086 —0.104 0.336* 1

IMT, common carotid intima media thickness; EAT, epicardial adipose tissue thickness; PAT, periaortic adipose tissue thickness; Duration, Duration
of ADHD (years); CTRS-RS, Conners’ Teacher Rating Scale-Revised Short; CPRS-RS, Conners’ Parent Rating Scale-Revised Short.
*p < 0.05, **p < 0.001, Partial correlation coefficients controlled by sex, age, BMI and socioeconomic level.

Table 5. The associated parameters with IMT, EAT, PAT measurements according to multivariate linear regression analysis

IMT EAT PAT
Variable
B p value B p value B p value

Age 0.001 0.650 0.013 0.004* 0.002 0.171
Sex —0.003 0.144 —0.020 0.303 0.002 0.762
Body mass index 0.001 0.040* 0.013 0.001* 0.001 0.328
Mean blood pressure 0.001 0.355 0.001 0.593 0.001 0.917
Socioeconomic level —0.001 0.421 —0.007 0.502 0.004 0.208

Dependent variables: IMT, common carotid artery intima-media thickness; EAT, epicardial adipose tissue thickness; PAT, periaortic adipose tissue

thickness.
*Significant at 0.05 level.

evaluation was low (coefficient of variation = 5—9%,).

DISCUSSION

The aim of this study was to assess the early develop-
ment of subclinical AS in children and adolescents with
ADHD. In this study, IMT, EAT, and PAT values were sig-
nificantly higher in children and adolescents with ADHD
than in healthy controls. This result reveals the presence
of subclinical AS and the risk of CVD in children and ado-
lescents with ADHD.

The relationship between ADHD and chronic in-
flammation has been investigated in many studies. Akinci
and Uzun [30], who demonstrated the relationship be-
tween ADHD and chronic inflammation in relation with

systemic inflammatory response, reported that neutrophil
lymphocyte ratio, platelet lymphocyte ratio and white
blood cells were higher in children with ADHD as com-
pared with healthy children. Additionally, a case-con-
trolled study demonstrated that serum levels of interleukin
(IL)-6 were significantly higher in patients with ADHD
than in healthy controls [31]. Chronic exposure to in-
flammation may be a risk factor for CVD by adversely af-
fecting endothelial functions through proinflammatory
cytokine, causing subclinical AS [32,33]. In addition, in a
meta-analysis, chronic inflammation was found inde-
pendently associated with higher IMT levels [34]. So, our
data with the related literature suggest that chronic in-
flammation may be an underlying mechanism for sub-
clinical AS in children and adolescents with ADHD.
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AS heart disease is one of the leading causes of mortal-
ity all over the world. In this context, subclinical AS has
been the subject of several studies because it develops
early in life and is an important marker of the possible risk
of a CVD [5,6]. However, studies of children and adoles-
cents on this issue are limited in number and have com-
plex results. One of the most commonly used markers in
research for this purpose is IMT which an important mark-
er for early AS that can be measured easily in a non-in-
vasive manner. IMT is a reliable indicator of children’s
cardiovascular health and is a reliable marker in assessing
subclinical AS [35]. On the other hand, IMT measure-
ments were investigated in many studies where chronic
inflammation-related subclinical AS in childhood was
evaluated [32,36]. It has been shown in various longi-
tudinal studies that neglect, abuse, familial stresses, and
chronic life stresses in childhood are associated with high
IMT levels and this causes subclinical CVD [37-39].
Studies conducted in various age groups have found that
ADHD causes psychological and cellular stress [40-42].
In psychiatric diseases known to cause chronic in-
flammation, IMT measurements in terms of CVD risk were
studied in a limited number of studies. In a long follow-up
study by Keltikangas-Jarvinen et al. [43] that investigated
cardiovascular risks through psychiatric symptoms in
children, hyperactivity behavior in childhood was found
to be associated with higher IMT levels in adulthood.
However, in this study, hyperactivity was evaluated as a
symptom and ADHD diagnosis was not taken into
consideration. In the study conducted by Ogiitli eral. [10]
in children and adolescents with ADHD, it was shown
that IMT values were higher in ADHD patients compared
to the control group. American Heart Association have
stated that mood disorders like depression and bipolar
disorder pose a risk for CVD by causing AS in youth [9]. It
has also been shown that depressive symptoms are asso-
ciated with high IMT levels in young adult males but not
females [44]. In addition, IMT values were found to be
high in studies conducted in adults with symptoms of de-
pression and anxiety [45,46]. On the other hand, in a
study conducted with depressed adolescents, it was
shown that there was no relationship between IMT levels
and depression [47]. Similarly, in a study examining the
relationship between chronic life stresses and cardiovas-
cular disease in adolescents, no relationship was found
between chronic stress, cardiovascular reactivity and IMT

[39]. However, in a study with different results, it was
found that depression in middle-aged and older adults
was associated with high IMT levels, independent of car-
diovascular comorbidities [48]. These data suggest that
the relationship between mood disorders observed in later
ages and IMT may be related to age. There is a significant
inconsistency in the results of studies in the literature on
the risk that mood disorders cause for CVD by causing AS.
For this reason, we included pure ADHD cases in our
study in order to show that stress and inflammation,
which we think that only ADHD causes, increase CVD
risk by excluding various comorbid disorders in ADHD.
In our study, IMT levels were found to be elevated in chil-
dren and adolescents with ADHD compared with healthy
controls (p < 0.001). Our results are similar to the re-
search of Ogiitlti et al. [10], which is the only one in the
literature on this subject. This result reveals that ADHD is
a chronic inflammatory process and leads to the develop-
ment of subclinical AS in children and adolescents, causing
significant risk for CVD later in their lives. On the other
hand, the recommendations of American Heart Associa-
tion for noninvasive assessment of subclinical athero-
sclerosis in children and adolescents revealed different
normal values of IMT for each age groups [49]. However,
in our study we could not evaluate the study population
for each age groups because of the limited number of
cases.

Epicardial adipose tissue is a visceral fat deposit that
surrounds the heart. The increase in epicardial adipose
tissue causes direct or indirect adverse effects in coronary
arteries and myocardial tissue [50]. Hirata et a/. [51] re-
ported that inflammatory cell infiltration increased in epi-
cardial adipose tissue, but this increase was not present in
subcutaneous adipose tissue, indicating that epicardial
adipose tissue might cause chronic inflammation, leading
to coronary AS. The increase in EAT is associated with
subclinical AS and CVD in individuals [52]. Therefore,
EAT measurements are an important parameter that can
be monitored in assessing CVD risk and as a treatment tar-
get [52]. In this study, EAT values were found to be sig-
nificantly higher in children and adolescents with ADHD
than in healthy controls (p < 0.001).

Periaortic adipose tissue is visceral fat deposits that sur-
round the aorta, causing inflammation and AS, affecting
vascular functions [53]. Increased PAT is known to pose a
significant risk for CVD [13]. The relationship between
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PAT and AS and CVD in children has been investigated in
a number of studies. PAT has been shown to be sig-
nificantly elevated in childhood disorders, such as type 1
diabetes mellitus compared with healthy children, and
has been suggested as an important risk factor for CVD
[54]. However, there was no study in the literature that in-
vestigated the relationship between psychiatric diseases
and PAT. In the present study, PAT values were found to
be significantly higher in children with ADHD than in the
healthy control group (p < 0.001). There is no study eval-
uating CVD risk by measuring EAT and PAT in patients
with ADHD.

It has been shown that IMT was correlated with both
EAT and PAT in studies that investigated subclinical AS
and CVD risk by measurements of IMT, EAT, and PAT
[53,55]. Sengul et al. [55] found that IMT and EAT levels
were positively correlated in patients with metabolic
syndrome. Yun et al. [56] revealed that elevated PAT had
an independent relationship with elevated IMT. Similarly,
IMT levels were found to be correlated with both EAT and
PAT levels in this study [56]. Also, our data suggest that
IMT, EAT, and PAT are important markers in assessing the
risk of CVD in children and adolescents with ADHD. On
the other hand, BMI is known to be an important predictor
for IMT and EAT [57]. Additionally, it is suggested that
EAT measurements will provide more accurate results in
assessing CVD risks in patients with normal BMI [58]. In
our study it was showed that BMI positively predicted IMT
and EAT levels. Also, while age and BMI levels were
found to predict EAT levels.

This study has some limitations. The most important
limitation is the limited number of cases. However, the
data reliability increased because of the number of cases,
which was limited due to reasons such as the sole in-
clusion of patients with ADHD, conducting semi-struc-
tured interviews with each patient, collecting data from
different sources such as parents and teachers, and con-
sidering these patients for cardiologic evaluation. Secondly,
due to the limited number of cases, we could not evaluate
whether there were differences between the subtypes of
ADHD within the context of the parameters investigated.
Lastly, thyroid-stimulating hormone and any chemical bi-
omarkers that show chronic inflammation and lipid pro-
files were not analyzed in the study.

In conclusion, we found that IMT, EAT and PAT were
higher in children and adolescents with ADHD, and

therefore they were at risk for CVD. Chronic inflammation
may be an underlying mechanism for subclinical AS in
these patients. Accordingly, subclinical AS and associated
complications should be considered in the treatment and
follow-up of patients with ADHD. Future studies are
needed to determine the effects of subclinical AS in adult-
hood for detecting CVD risk in ADHD patients and to
evaluate the role of drugs used in ADHD treatment in the
development of subclinical AS.
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