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Cel: Celem badania było porównanie osób dorosłych cierpiących na zespół nadpobudliwości psychoruchowej z deficytem 
uwagi z osobami zdrowymi pod względem stężenia w surowicy krwi cytokiny zapalnej interleukiny 6. Materiał i metody: 
Rozpoznanie zespołu nadpobudliwości psychoruchowej z deficytem uwagi potwierdzono na podstawie wywiadu z klinicystą 
w oparciu o piątą edycję Diagnostic and Statistical Manual of Mental Disorders. Do badania włączono 36 uczestników 
z zespołem nadpobudliwości psychoruchowej z deficytem uwagi oraz 28 osób z grupy kontrolnej. Przedział wiekowy wynosił 
21–55 lat. Z udziału w badaniu wykluczono osoby przyjmujące leczenie psychostymulujące oraz z współwystępującymi 
zaburzeniami psychicznymi, alergią i przewlekłymi chorobami zapalnymi. Wyniki: Osoby dorosłe z rozpoznaniem zespołu 
nadpobudliwości psychoruchowej z deficytem uwagi charakteryzowały się wyższym stężeniem interleukiny 6 w surowicy 
krwi w porównaniu z osobami zdrowymi. Wnioski: Stężenie czynników zapalnych może wpływać w sposób istotny 
na etiologię zespołu nadpobudliwości psychoruchowej z deficytem uwagi.

Słowa kluczowe: ADHD, stan zapalny, interleukina 6

Aim: The aim of the study was to compare adults suffering from attention-deficit/hyperactivity disorder with healthy 
controls, in terms of their serum concentrations of inflammatory cytokine interleukin-6. Materials and methods:  
The diagnosis of attention-deficit/hyperactivity disorder was established during the interview with the clinician on the basis 
of the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition. A total of 36 participants with attention-deficit/
hyperactivity disorder and 28 in the control group were included. The age range was 21–55 years. Individuals with 
a psychiatric comorbidity, allergy, chronic inflammatory disease, and receiving psychostimulant treatment were excluded. 
Results: Adults diagnosed with attention-deficit/hyperactivity disorder had higher serum concentrations of interleukin-6 in 
comparison to healthy controls. Conclusions: The aetiology of attention-deficit/hyperactivity disorder may be influenced 
by the concentration of inflammatory factors.
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INTRODUCTION

Attention-deficit/hyperactivity disorder (ADHD) is 
a neurodevelopmental condition that has its on-
set in childhood and often persists into adulthood. 

The main symptoms of ADHD include attention deficits, 
hyperactivity, and impulsivity (Faraone et al., 2015). It has 
been shown that the aetiology of this developmental dis-
order is influenced by the concentration of inflammato-
ry factors (McEwen, 2012). Epidemiological studies report 
an increased co-occurrence of ADHD with inflammatory 
and autoimmune diseases, which may indicate a common 
pathomechanism, such as changes in immune response, 
as well as common genetic and environmental risk factors 
(Leffa et al., 2018). A high risk of developing ADHD has 
been found among patients suffering from allergic rhini-
tis, asthma, and dermatitis (Chang et al., 2022). According 
to a meta-analysis conducted in 2022, ADHD symptoms 
may be exacerbated by atopic diseases (Chuang et al., 2022). 
ADHD is also a risk factor for the development of obesity 
(Li et al., 2020), and the presence of inflammation is associ-
ated with obesity (Moghbeli et al., 2021).
The role of inflammatory factors in the aetiology of ADHD 
has been investigated mainly in children and adoles-
cents. The exploration of biomarkers that influence symp-
toms of ADHD in adults is a compelling area of research.  
The aim of this study was to determine if the serum levels 
of pro-inflammatory interleukin-6 (IL-6) were significant-
ly different in adults with ADHD in comparison to healthy 
controls.

MATERIALS AND METHODS

Volunteers were recruited and examined by two clinicians 
between August 2018 and December 2019. The participants 
applied for the study via the Internet in response to an on-
line advertisement. Every volunteer received a message with 
a detailed description of the study. In the next step, the cli-
nicians performed the assessment of eligibility and invited 
patients who fulfilled the inclusion criteria for further pro-
cedures. A detailed description of the procedure is present-
ed in Fig. 1.
The study participants comprised 36 subjects with ADHD 
(six with predominantly inattentive subtype and 30 with 
combined subtype) and 28 healthy controls. The control 
group was recruited from the general population. In order 
to obtain reliable results, we adopted the following exclusion 
criteria: 1) active inflammation in the body caused by aller-
gies; acute and chronic inflammatory diseases (bacterial, 
viral, and autoimmune); history of recent trauma or infec-
tion, excess weight, and obesity, 2) anti-inflammatory drug 
treatment, 3) psychostimulant treatment, 4) pregnancy and 
breastfeeding, 5) occurrence of any psychiatric disorder (ex-
cept ADHD in the study group). None of the enrolled pa-
tients had any prior exposure to stimulant or non-stimulant 
medications, or any other form of medication specifically 

intended for treating ADHD. The study was conducted fol-
lowing the guidelines outlined in the Helsinki Declaration 
and received approval from the Medical University of Lodz 
ethics committee (No. RNN/349/17/KE).
Written informed consent was obtained from all adult par-
ticipants involved in the study. Each participant complet-
ed a demographic survey (age, gender, education, place 
of residence, marital status, occupational status, and con-
tact address in case of a request for research results), and 
the Adult ADHD Self-Report Screening Scale for DSM-5 
(ASRS-5). The diagnosis of ADHD was established dur-
ing the interview with the clinician on the basis of the 
Diagnostic and Statistical Manual of Mental Disorders, 
Fifth Edition (DSM-5) criteria for ADHD. The diagnosis 
of comorbid psychiatric disorders was performed by the 
structured Mini International Neuropsychiatric Interview 
(MINI). A 10 mL sample of blood was collected from each 
participant in the Department of Geriatric Psychiatry and 
Psychotic Disorders. Blood was centrifuged at 7,000 rpm 
for 20 min. Separated serum was placed in three Eppen-
dorf tubes and refrigerated at −80°C until biochemical 
parameters were determined at the Research Laboratory 
CoreLab of the Medical University of Lodz, with the use 
of high-sensitivity ELISA enzyme-linked immunosorbent 
assay (BioVendor, Czech Republic).
The distribution of the variable was determined using the 
Shapiro–Wilk test. IL-6 concentration was significantly dif-
ferent from normal distribution, so a non-parametric test 
was selected. To compare the average level of IL-6 in the 
two subgroups analysed, a non-parametric Mann–Whitney 
test was used. Categorical variables were compared using 
Fischer’s exact test. Spearman’s rank correlation coefficient 
was used to assess the correlation between IL-6 concentra-
tion and ASRS-5 score. Statistically significant differences 
were found for p < 0.05. Statistical analysis was performed 
using IBM SPSS 22.0.

Excluded (n = 24)
• allergy (n = 10)

• autoimmune disease (n = 6)
• treatment for comorbidity (n = 4)

• psychostimulant treatment (n = 2)
• obesity (n = 2)

Excluded (n = 5)
• substance abuse (n = 1)

• viral infection (n = 2)
• current depression symptoms (n = 2)

Patients assessed for eligibility
n = 93

Fulfilled inclusion criteria
n = 69

Started assessment
n = 69

Finally enrolled
ADHD group: n = 36

Control group: n = 28

Fig. 1.  Recruitment process flowchart
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RESULTS

The study was conducted on 36 adults with ADHD and  
28 healthy controls. The majority of the participants (84%) 
diagnosed with ADHD were of the combined subtype  
(15 women and 14 men), and 16% of them exhibited pre-
dominantly inattentive subtype (two women and five men). 
The control group consisted of seven men and 21 women.
There was a statistically significant difference between the 
two groups regarding sex (p = 0.045), and no difference 
regarding age (p = 0.252). The age range in both groups 
was 21–55 years. The mean age in adults with ADHD 
was 32.25 ± 9.18 years, and in the control group it was 
30.82 ± 10.30 years. At the time of sampling, none of the in-
dividuals included in the study were under any medication.
According to the analysis, adults diagnosed with ADHD 
had significantly higher serum concentrations of IL-6 
(pg/mL) (Me: 0.99 [0.61; 1.95]; p = 0.007) in comparison 
to healthy controls (Me: 0.56 [0.33; 0.91]) (Tab. 1). ASRS-5 
score did not correlate significantly with IL-6 concentration 
in the ADHD group (r = 0.146; p = 0.396) or in the control 
group (r = −0.017; p = 0.931) (Tab. 2).

DISCUSSION

The aim of the current study was to investigate the inflam-
matory factor IL-6 in adult ADHD patients with regard 
to the serum level of this biomarker. We observed that the 
serum level of IL-6 was higher in unmedicated adults with 
ADHD in comparison to healthy controls. To avoid con-
founding factors, the participants were unmedicated and 
they did not suffer from any neuropsychiatric comorbidity 
nor from any chronic inflammatory disease.
Our findings are not consistent with previous results re-
ported by Corominas-Roso et al. (2017). This is the only 

study that included healthy unmedicated adult partici-
pants with an age range similar to our population (18–55 
years). The aforementioned analysis did not reveal any sig-
nificant differences in serum IL-6 concentration between 
the ADHD group and the control group. The only study 
on IL-6 in adults that found the level of IL-6 to be elevat-
ed in patients with comorbid ADHD and asthma is a lon-
gitudinal study by Leffa et al. (2021), however, in this study, 
the cytokine was measured in younger participants (aged 18 
and 22 years). More available data comes from studies on 
children. Some of them are in line with our results (Chang  
et al., 2020; Darwish et al., 2019; Donfrancesco et al., 2020; 
Elhady et al., 2022; Elsadek et al., 2020; Koç et al., 2023; 
Mahmoud et al., 2020), while others do not support our 
conclusion (Dursun et al., 2021; Puzino et al., 2022; Ver-
laet et al., 2019; Wang et al., 2022). Of note, our results are 
supported by the findings from a recent meta-analysis of 10 
studies, showing higher concentrations of IL-6 in the periph-
eral blood of ADHD patients. However, eight of the includ-
ed studies were conducted on children (Misiak et al., 2022).
IL-6 is an inflammatory mediator of pleiotropic nature.  
It is involved in specific and non-specific immune respons-
es (Murakami et al., 2019). It is released by lymphocytes, 
macrophages, osteoblasts, smooth muscle cells, neurons, 
microglia, and astrocytes. Helper T cells secrete cytokines 
that can cross the blood–brain barrier (Hunter and Jones, 
2015). IL-6 exerts a number of actions in the central ner-
vous system that may be relevant to neurodevelopmental 
disorders. It has been shown that IL-6 is involved in the reg-
ulation of the expression of neurotrophic factors, in the reg-
ulation of the circadian rhythm and food intake, as well as 
in learning and memory processes (Borovcanin et al., 2017). 
IL-6 affects neurogenesis, synaptic formation, and myelina-
tion (Tancredi et al., 2000).
IL-6 can be related to ADHD symptoms through several 
mechanisms. Increased levels of IL-6 can affect the func-
tioning of the prefrontal cortex (Trapero and Cauli, 2014), 
which is responsible for executive functions, including ac-
tion planning, decision-making, attention, and motiva-
tional processes (Goto et al., 2010). Decreased executive 
functioning is believed to be a core impairment in ADHD 
patients (Mostert et al., 2015). Functional magnetic reso-
nance imaging studies indicate changes in the activity of 
the prefrontal cortex and the anterior cingulate cortex un-
der the influence of chronic inflammation caused by ele-
vated levels of tumour necrosis factor (TNF-α) and IL-6 
(Rosenkranz et al., 2005). Inflammation at the peripher-
al level can cause changes in dopaminergic and noradren-
ergic neurotransmission (Anand et al., 2017). It has been 
proven that IL-6 affects the metabolism of neurotransmit-
ters, disturbing the balance between the levels of norepi-
nephrine and dopamine in the brain. These neurotransmit-
ters are involved in the pathophysiology of ADHD (Cortese, 
2012). Our study aimed to achieve a better understanding 
of the inflammatory mechanisms that contribute to the 
connection between ADHD and inflammatory cytokines. 

Control group 
n = 28

ADHD group  
n = 36 p Z rpb

Sex: 
• female, n (%) 
• male, n (%)

21 (75%)  
7 (25%)

17 (47%)  
19 (53%)

0.045

Age (M ± SD) 30.82 ± 10.30 32.25 ± 9.18 0.252 1.146
IL-6 [pg/mL] 
(Me [Q1; Q3]) 0.56 [0.33; 0.91] 0.99 [0.61; 1.95] 0.007 2.694 0.395

ADHD – attention-deficit/hyperactivity disorder; IL-6 – interleukin-6;  
rpb – point-biserial correlation coefficient.

Tab. 1.  Comparison of the groups regarding sex, age, and serum 
interleukin-6 level

Control group ADHD group
r p r p

ASRS-5 −0.017 0.931 0.146 0.396
ADHD – attention-deficit/hyperactivity disorder; ASRS-5 – Adult ADHD Self-
Report Screening Scale for DSM-5.

Tab. 2.  Correlation between interleukin-6 level and ASRS-5 score  
in compared groups
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gests an immune-mediated basis for ADHD. The increased 
levels of IL-6 may potentially contribute to the underlying 
causes of ADHD, but we cannot assume the direct and caus-
al nature of this relationship. The study needs a replication 
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