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Background: Attention-deficit/hyperactivity disorder (ADHD) is a complex condition 
that interferes with development and/or functioning. Our objective is to investigate the 
potential association between ADHD and inflammation.

methods: We conducted a systematic review of human studies measuring inflamma-
tory markers in ADHD. The studies were identified by searching PUBMED, MEDLINE, 
EMBASE, PSYCHINFO, COCHRANE, and SCOPUS databases for peer-reviewed jour-
nals published until September 2016. We included cytokine gene expression and protein 
measured. Fourteen papers met the inclusion criteria.

Results: Seven studies evaluated the association of cytokine gene polymorphisms in 
ADHD, and six studies measured cytokines levels in blood. One study analyzed the pres-
ence of cytokines in cerebrospinal fluid in patients with ADHD. Altogether, these studies 
indicate a possible role of inflammation in ADHD pathogenesis, despite the significant 
heterogeneity and contradictory results.

conclusion: Evidence points to the association of ADHD with inflammatory processes, 
but more studies are warranted.

Keywords: aDHD, attention-deficit, inflammation, inflammatory markers, cytokines

iNtRODUctiON

Attention-deficit/hyperactivity disorder (ADHD) is a mental condition characterized by a persis-
tent pattern of inattention and/or hyperactivity-impulsivity. ADHD symptoms must start before 
the age of 12 and be observed in more than one setting. ADHD can occur in 5% of children and 
2.5% of adults, and is associated with significant impairment of social, academic, and occupational 
functioning across the lifespan (1).

Genetic and environmental factors have been postulated to be risk factors for ADHD (1–3). Strong 
genetic influence has been reported for ADHD, with 5–9 times increased risk in first-degree relatives 
of patients (4–6). Several authors have proposed association between ADHD and inflammatory 
mechanisms due to positive findings regarding inflammation-related genes (7–12). Cytokines have 
also been reported to play a pivotal role in tryptophan metabolism and dopaminergic pathways 
in the brain, which are also implicated in ADHD. Accordingly, it is conceivable that alterations 
in pro-inflammatory and anti-inflammatory cytokines may be influential in the pathogenesis of 
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taBLe 1 | Studies measuring inflammation in ADHD.

Reference, 
country

title Samples assessments main conclusion

(10), Germany Attention-deficit/hyperactivity disorder 
(ADHD) and glial integrity: S100B, 
cytokines and kynurenine  
metabolism—effects of medication

35 ADHD (24 
treatment-naïve, 
14 medicated)

IFN-γ, IL-1β, interleukin 
2 (IL-2), IL-3 interleukin 
6 (IL-6), IL-10, IL-13, 
IL-16, and TNF-α by 
ELISA

When compared to the control group, the interleukins 
IL-2, IL-6, IFN-γ, IL-10, IL-13, and IL-16 were higher in 
ADHD group and IL-1β lower in ADHD, although these 
were not statistically significant. The trend was reversed 
in ADHD medicated group

21 controls

(11), Germany Attention-deficit/hyperactivity disorder 
(ADHD) and glial integrity: an exploration 
of associations of cytokines and 
kynurenine metabolites with symptoms 
and attention

35 ADHD (24 
treatment-naïve, 
14 medicated)

IL-1β, IL-2, IL-6, IL-10, 
IL-13, IL-16, IFN-γ, and 
TNF-α by ELISA

Statistically significant association between cytokines 
and ADHD symptoms. Increases in interleukins IL-16 
and IL-13, were positively associated with hyperactivity 
and inattention, respectively; decrease in IL-2 was 
associated with opposition ratings in ADHD. In the 
CPT, IL-16 related to motor measures and errors of 
commission, while IL-13 was associated with errors of 
omission. Increased RT variability correlated with lower 
TNF-α, and higher IFN-γ levels

21 controls

(12), Germany An exploration of the associations of 
pregnancy and perinatal features with 
cytokines and tryptophan/kynurenine 
metabolism in children with attention-
deficit/hyperactivity disorder (ADHD)

35 ADHD (24 
treatment-naïve, 
14 medicated)

IL-1β, IL-2, IL-6, IL-10, 
IL-13, IL-16, IFN-γ, and 
TNF-α by ELISA

Increased IFN-γ was associated with lower birth weight 
and shorter pregnancy; increased IL-6 associated with 
paternal smoking; decreased TNF-α associated with 
obstetric problems21 controls

(18), USA Elevated blood levels of inflammation-
related proteins are associated with an 
attention problem at age 24 months in 
extremely preterm infants

600 children born 
before 28 weeks 
gestation

25 inflammation-related 
proteins by multiplex 
detection system

Among children born extremely prematurely, recurrent 
or persistent elevations of IL-6, IL-8 and TNF-RI in blood 
during the first two postnatal weeks are associated with 
an attention problem at age 2 years
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ADHD  (10). Additionally, studies in rodents have shown that 
administration of cytokines like interleukin-1β (IL-1β), interleu-
kin-2 (IL-2), and interleukin-6 (IL-6) can cause neurotransmis-
sion changes similar to those seen in ADHD such as increased 
norepinephrine and reduced dopamine levels (13, 14).

Among the risk factors for ADHD, preterm birth and perinatal 
infections are of significant relevance (15, 16). It is worth notic-
ing that these conditions are associated with neuroinflammation 
marked by microglia activation. Microglia are the main resident 
immune cells of the brain. When activated, microglial cells release 
pro-inflammatory cytokines and other factors such as glutamate, 
contributing to neuroinflammation. Theoretically, a crosstalk 
between peripheral immune cells and microglia can potentiate 
inflammation both in the periphery and in the brain (17).

Although the association between ADHD and inflammation 
seems granted, the paucity of replication of genetic findings and 
longitudinal studies of inflammatory markers in ADHD prevents 
us to draw definite conclusions about the participation of inflam-
mation in the pathogenesis of ADHD, or in the course and out-
come (pathophysiology) of this condition. Due to the potential 
importance of the aforementioned association, we conducted a 
systematic review on the role of inflammation in ADHD. We will 
divide this review in genetic factors, and peripheral protein levels.

metHODS

A systematic review of the literature was performed according 
to the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) statement. A literature search was 
conducted in PUBMED, MEDLINE, EMBASE, PSYCHINFO, 

COCHRANE, and SCOPUS databases using the keywords 
“ADHD OR attention deficit hyperactive disorder” AND 
cytokine OR interferon OR interleukin OR inflammation. The 
following limits were applied: published from 1946 to September 
2016, humans, original articles, and English, Portuguese, and 
Spanish languages. Studies evaluating cytokine gene expres-
sion, protein production, or genetic polymorphisms were also 
included, provided they also met the previously mentioned 
inclusion criteria. Two independent reviewers conducted the 
search. The articles and their relevant reference citations were 
additionally reviewed.

ReSULtS
Literature search identified 76 articles in PubMed, 52 articles 
in Medline, 112 articles in EMBASE, 13 articles in PsycInfo, 80 
articles in Scopus, and no articles in Cochrane. Manual review 
of all these references resulted in exclusion of those articles 
which were review articles, in vitro studies, irrelevant/unrelated 
studies, or duplicated studies. A total of 14 articles satisfied the 
inclusion and exclusion criteria and a summary of these stud-
ies is shown in Table 1. The specific number of included and 
excluded papers at each step is provided in a PRISMA flow chart 
(Figure 1).

cytokine Gene Polymorphisms in aDHD
ADHD is a highly heritable disorder and numerous molecular-
genetic studies have been performed. The participation of genetic 
factors (heritability) in ADHD is high, around 70–78% (26). Our 
literature search found seven studies that evaluated the potential 
association of cytokine gene polymorphisms in ADHD.

(Continued )
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Reference, 
country

title Samples assessments main conclusion

(19), Italy Anti-Yo antibodies in children with ADHD: 
first results about serum cytokines

58 ADHD IL-4, IL-6, IL-10, IL-17, 
TNFα, and  
IFNγ cytokine serum 
levels by ELISA

Higher levels of serum IL-6 and IL-10 detected in ADHD 
children than in controls36 controls

(20), Iran Effect of n-3 supplementation on 
hyperactivity, oxidative stress and 
inflammatory mediators in children with 
attention-deficit/hyperactivity disorder

103 ADHD 
children 
(6–12 years)

IL-6 levels by ELISA 
and C-reactive 
protein (CRP) by 
immune-turbidometrical

A significant reduction was observed in the serum levels 
of CRP and IL-6 after 8 weeks of supplementation 
therapy with n-3 fatty acids, which correlated with 
improvement in Conners’ Abbreviated Questionnaires 
scores

(21), USA Cerebrospinal fluid cytokines in pediatric 
neuropsychiatric disease

42 ADHD  IL-2, IL-4, IL-5, IL-10, 
IFN-γ, TNF-α, TNF-β, 
TNF-β/LT by ELISA

90% of the ADHD children had detectable IL-2, 60% 
had detectable IFN-γ levels, 70% had detectable TNF-β 
levels, 62% had detectable IL-5, 7% had detectable 
IL-10

22 SZ
24 OCD

(22), USA Angiogenic, neurotrophic, and 
inflammatory system SNPs moderate the 
association between birth weight and 
ADHD symptom severity

360 ADHD 
probands, 21 
affected siblings, 
17 unaffected 
siblings

A set of 164 SNPs 
from 31 candidate 
genes, representing five 
biological pathways

Reported that 2 SNPs in ciliary neurotrophic factor 
receptor (CNTFR) gene were associated with ADHD 
inattentive symptom severity. They also reported that 
SNPs in cytokine genes IL16 and S100B moderated 
the association between birth weight centile range and 
hyperactive-impulsive symptom severity

(8), USA Genome-wide association scan of 
the time to onset of attention-deficit/
hyperactivity disorder

958 ADHD 
proband–parent 
trios

Genotyping via SNP 
analysis

2 SNPs in IL-16 gene were associated with inattentive 
ADHD phenotype

(9), USA Genome-wide association scan of 
quantitative traits for attention-deficit/
hyperactivity disorder identifies novel 
associations and confirms candidate 
gene associations

958 ADHD 
proband–parent 
trios

Genotyping via SNP 
analysis

Nuclear factor Interleukin 3-regulated (NFIL-3) gene—C 
allele was associated with earlier onset ADHD

(23), Israel Preferential transmission of interleukin-1 
receptor antagonist alleles in  
attention-deficit/hyperactivity disorder

77 ADHD families IL-1Ra gene variable 
number tandem repeat 
(VNTR) polymorphisms

IL-1Ra 4-repeat allele was associated with a significantly 
increased risk for ADHD, whereas the IL-1Ra 2-repeat 
allele was associated with a significantly decreased risk 
for ADHD

86 ADHD 
probands and 
parents

(7), Canada Replication test for association of the IL-1 
receptor antagonist gene, IL1RN, with 
attention-deficit/hyperactivity disorder

178 ADHD families Genotyped by PCR 
using primers flanking 
the IL1RN intron 2 
86-bp VNTR site

No evidence for association of IL-1Ra gene 
polymorphism with ADHD220 probands

(24), Czech 
Republic

Clinical and molecular-genetic markers  
of ADHD in children

119 ADHD Genotyped by PCR 
(DRD2, COMT, ACE, 
IL-6, CCR5, TNF-α, 
AGT, MAO-B, IL-2, 
BDNF, DRD4, DATI)

Reported statistically significant association of IL-6 and 
TNF-α gene polymorphism in ADHD153 controls

(25), Spain Association study of 10 genes encoding 
neurotrophic factors and their receptors 
in adult and child attention-deficit/
hyperactivity disorder

546 ADHD Polymorphisms for 
neurotrophins (NGF, 
BDNF, NTF3, and 
NTF4/5), a member 
of the cytokine family 
of NTFs (CNTF), and 
their receptors NTRK1, 
NTRK2, NTRK3, NGFR, 
and CNTFR

Study demonstrated association between cytokine 
family ciliary neurotrophic factor receptor (CNTF) and 
both adult and childhood ADHD

546 controls
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taBLe 1 | Continued

Segman et al. evaluated the transmission of a variable number 
tandem repeat polymorphism at the interleukin-1 receptor antag-
onist (IL-1Ra) gene in 77 nuclear ADHD families (86 children 
with ADHD and their parents) (23). They reported increased 
transmission of the IL-1Ra 4-repeat allele (χ2 = 4.07, P = 0.04) and 
decreased transmission of the 2-repeat allele (χ2 = 4.59, P = 0.03) 
in children with ADHD. The IL-1Ra 4-repeat allele was associated 

with a significantly increased risk for ADHD (χ2  =  4.46, df 1, 
P = 0.035, RR = 1.292, 95% CI 1.01–1.66), whereas the IL-1Ra 
2-repeat allele was associated with a significantly decreased 
risk for ADHD (χ2 = 4.65, df 1, P = 0.03, RR = 0.763, 95% CI 
0.59–0.98). However, a larger study involving 178 ADHD fami-
lies could not replicate this finding and did not show significant 
association between the IL-1Ra polymorphism with ADHD (7).
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FiGURe 1 | Flow diagram.
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Another investigation addressed the association between 
ADHD and polymorphisms at IL-6 and Tumor Necrosis Factor 
alpha (TNF-α) genes in 119 children with ADHD and 153 healthy 
controls (24). A statistically significant difference in the allelic 
and genotypic frequency of the –174 polymorphism at the IL-6 
gene was observed between the ADHD and control groups, with 
increased frequency of the IL-6 C allele in hyperkinetic children. 
In cognitive function tests, the 174 polymorphism (alleles A and 
G) at the IL-6 gene and the –308 polymorphism (alleles 1 and 2) 
at the TNF-α gene had statistically significant correlation with 
hand-eye test of the Neurobehavioral Evaluation System (NES2) 
that evaluates visual-motor coordination and accuracy sub-test 
of Shape Discrimination Test (TDTP) for assessment of attention, 
respectively (24). IL-6 AA homozygotes performed significantly 
better than individuals with IL-6 GG homozygotes in the hand-
eye test of the NES2 battery. Similarly, individuals without any 
TNF-α gene allele 2 performed significantly better than indi-
viduals harboring allele 2 (homozygotes or heterozygotes) in the 
accuracy sub-test of TDTP (24).

Lasky-Su et  al. examined 958 parent-offspring trios (1,865 
parents, 933 ADHD children, 87% males and 13% females; 
mean age of children with ADHD 10.88 ± 2.1 years) and found 
that two SNPs at the IL-16 gene were associated with inatten-
tive ADHD subtype (P-value < 10−5) (9). Using the same study 
population, the authors conducted a genome-wide association 
study and found that the nuclear factor interleukin 3-regulated 
(NFIL-3) gene C allele was associated with earlier onset of 
ADHD (P = 0.002) (8).

Smith et  al. evaluated the potential role of inflammatory 
system genes in moderating the association between birthweight 
percentile and ADHD symptom severity (22). This study involved 
a sample of 398 children (360 ADHD probands, 21 affected sib-
lings, and 17 unaffected siblings; mean age 10.7 ± 3.02 years; 83% 
male and 17% females). Two SNPs at the Ciliary Neurotrophic 
Factor Receptor (CNTFR) gene were associated with the Conners’ 
Parent Rating Scale Inattentive score (CNTFR; q  =  0.005 
CNTFR; q = 0.021). They also reported that SNPs at the genes 
Interleukin-16 (IL-16) and S100B moderated the association 
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taBLe 2 | Cytokines blood level comparison between ADHD patients and 
controls.

cytokines Resultsa Reference

IL-1β = (10, 11)
IL-2 = (10, 11)

= (19)
IL-4 = (19)
IL-6 = (10, 11)

↑ (19)
IL-10 = (10, 11)

↑ (19)
IL-13 =b (10, 11)
IL-16 = (10, 11)
IL-17 = (19)
TNF-α = (10, 11)

= (19)
IFN-γ =b (10, 11)

= (19)

aCompared to controls.
bPost hoc analysis.
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between birthweight percentile range and hyperactive-impulsive 
symptom severity in children with ADHD (22).

Ribases et al. performed a population-based association study 
to evaluate the association between genes encoding neurotrophic 
factors and their receptors in adult and child attention-deficit/
hyperactivity disorder (25). The sample included 546 patients 
with ADHD (216 adults and 330 children) and 546 gender-
matched unrelated control subjects. One-hundred eighty-three 
single nucleotide polymorphisms covering 10 candidate genes 
were investigated. This study demonstrated association between 
the CNTFR gene and both adult (P = 0.0077, OD = 1.38) and 
child ADHD (P = 9.1e−04, OD = 1.40) (25).

cytokine Protein Levels and aDHD
Six studies reported measurements of peripheral cytokines in 
patients with ADHD (10–12, 18–20). Comparisons of cytokines 
serum levels between patients with ADHD and controls are 
shown in Table 2.

In 2010, Oades et  al. reported the serum measurements of 
IL-1β, IL-2, IL-6, TNF-α, interferon-gamma (IFN-γ), IL-10, IL-13, 
and IL-16 in 21 children with ADHD who were treatment-naïve 
(mean age: 8.9 ± 1.4 years) (10). These were compared to serum 
cytokine measurements in 21 controls (mean age 11 ± 1.5 years), 
14 children who were receiving medication for ADHD (mean 
age: 12.6  ±  2.1  years), and 7 healthy siblings. No differences 
between the control group and the ADHD treatment-naïve group 
were found (10). The authors detected significant differences in 
the comparison of the children with ADHD who were receiving 
treatment, and the medication-naïve population. Lower levels of 
IFN-γ and IL-13 were seen in the ADHD medicated group (10). 
Furthermore, the ratio of TNF-α/IFN-γ was lower in the ADHD 
medication-naïve group when compared to the control group. 
However, the direction of the findings was reversed in the ADHD 
medicated group, i.e., the ratio of TNF-α/IFN-γ was increased 
when compared to the control group.

Using the same sample, Oades et  al. further analyzed the 
correlation between cytokines and symptom ratings (inattention, 

hyperactivity, opposition, and anxiety) and continuous perfor-
mance task measures (sustained attention, impulsivity, and vari-
ability). The authors reported statistically significant correlations 
between cytokines levels and ADHD symptoms (11). Increase 
in IL-13 was associated with increased inattention symptoms, 
high IL-16 was associated with increased hyperactive-impulsive 
symptoms and was positively associated with motor activity. 
Decrease in pro-inflammatory cytokine IL-2 was associated with 
more oppositional symptoms. Also, increased anti-inflammatory 
cytokine IL-16 and decreased in pro-inflammatory cytokines 
TNF-α and IL-6 were positively associated with commission 
errors. IL-13 and IL-16 were reported to have negative correla-
tions with errors of omission in ADHD treatment-naïve and 
ADHD medicated group, respectively.

Oades et  al. also conducted a very original study assessing 
the relationship between outcomes of inflammatory markers in 
children and adolescents with ADHD, and pregnancy/perinatal 
features (12). Increase in serum IFN-γ levels during childhood 
was associated with lower birth weight/shorter pregnancy. 
Increase in IL-16 levels was correlated with poorer infant health, 
and decrease in TNF-α levels was correlated with increased 
incidence of obstetric problems. Paternal smoking was associated 
with increased IL-6 levels in children with ADHD (12). Oades 
et al. also reported that maternal intake of supplements during 
pregnancy correlated with decrease in TNF-α and increase in 
IL-10 in children with ADHD (12).

In another study involving 103 children (age range 6–12 years) 
with ADHD, a significant reduction was observed in the levels 
of C-reactive protein and IL-6 after 8 weeks of supplementation 
therapy with omega-3 fatty acids. The decrease in cytokine levels 
was correlated with significant improvement in the Conners’ 
Abbreviated Questionnaires scores (20).

O’Shea et  al. measured 25 inflammation-related serum pro-
teins on postnatal days 1, 7, and 14 in 600 premature infants, born 
before 28  weeks of gestation (18). The investigators evaluated 
the potential association between inflammatory protein levels 
and behavioral problems, these latter assessed using parental 
responses to the Child Behavior Checklist for ages 1.5–5 at 2 years 
of age. Among the measured molecules, persistent or recurrent 
elevations of IL-6, TNF-RI, and IL-8 correlated with an increased 
risk of attention problems (18).

A more recent study provided further supports that the 
cytokine mediated inflammation is likely to be an important 
pathogenic factor in ADHD (19). Donfrancesco et al. compared 
58 patients with ADHD (mean age: 9.5  ±  2.3  years), and 36 
healthy controls (mean age: 9.6 ± 1.5 years). This study detected 
significantly higher levels of serum IL-6 and IL-10 levels in 
patients with ADHD (19). An intriguing finding in this study was 
that 45 of the ADHD children (77.6%) were positive to anti-Yo 
antibodies, autoantibodies that have activity against Purkinje 
cells of the cerebellum, whereas 34 of the control children were 
negative.

To best of our knowledge, there is only a single study 
which analyzed the presence of cytokines in cerebrospinal 
fluid (CSF) in patients with ADHD (n  =  42) (21). It was 
reported that 90% of the children with ADHD had detectable 
IL-2 (mean: 1.65  ng/mL±  0.87), 60% had detectable IFN-γ 
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levels (mean: 0.47 ng/mL ± 0.27), 70% had detectable TNF-β 
levels (mean: 2.45  ng/mL  ±  0.60), 62% had detectable IL-5 
(mean: 1.05 ng/mL ± 0.42), 7% had detectable IL-10 (mean:  
0.29  ng/mL  ±  0.09) and none had any detectable IL-4. No 
healthy controls were included in this study, making it diffi-
cult to draw inferences regarding the association with ADHD. 
However, the authors compared this finding to CSF cytokine 
profiles in obsessive-compulsive disorder and schizophrenia. 
They reported a relative increase in type 1 cytokines in CSF 
in obsessive-compulsive disorder compared to a relative pre-
ponderance of type 2 cytokines in schizophrenia, while chil-
dren with ADHD had a CSF profile which was intermediate 
between these two (21). This study again lent credence to the 
possibility that immunological processes are likely involved in 
the pathogenesis of ADHD.

DiScUSSiON

The current systematic review relied on data from 14 manuscripts 
and shows variable results regarding the association between 
inflammation and ADHD. Seven studies evaluated the possible 
association of cytokine gene polymorphisms in ADHD, six stud-
ies measured cytokines levels in blood and one study analyzed 
cytokines in CSF of patients with ADHD. Despite their significant 
heterogeneity, these studies indicate a possible role for inflam-
mation in ADHD pathogenesis. It is worth mentioning that the 
heterogeneity of the molecules assessed in these different studies 
prevented us to perform meta-analyses.

Among the studies that evaluate immune-related genes, the 
results point to an association between increased risk for ADHD 
and enhanced/impaired inflammatory response. However, differ-
ent genes were investigated, and the issue of results replication in 
psychiatric genetics was also noticed here. Segman et al. found 
that IL-1Ra 4-repeat allele was associated with a significantly 
increased risk for ADHD (23). This result was not replicated in 
a larger sample size (7). Ribases et al. performed a population-
based study showing association between CNTFR and both adult 
and child ADHD (25). CNTF is a multifunctional neuropeptide 
that promotes survival and regulatory signals to neurons, astro-
cytes, and oligodendrocytes, and seems to be relevant in reducing 
damage during inflammatory responses. In addition, CNTF plays 
a key role during the development of the nervous system (27). 
As ADHD that can be conceptualized as neurodevelopmental 
disorder, it is possible a direct involvement of CTNF signaling 
pathways in the pathogenesis of ADHD. Besides this direct 
implication to ADHD, the polymorphisms of cytokine genes 
could be associated with ADHD risk factors (e.g., preterm birth 
and perinatal infection), leading to altered neuroinflammatory 
responses with subsequent impairment of the development of 
neural circuits.

The results on peripheral cytokines levels were also complex, 
but overall they suggest a low-grade inflammation in patients 
with ADHD. Interestingly, Oades et al. reported lower levels of 
IFN-γ and IL-13 in medicated patients with ADHD (10) when 
compared with medication-naïve patients, indicating the effect of 
treatment and/or clinical improvement on cytokine levels. As the 
levels of pro-inflammatory cytokines were also correlated with 

the severity of symptoms (11), one of the underlying mechanisms 
of this enhanced inflammation in ADHD could be the stress 
related-immune response. This hypothesis must be confirmed in 
longitudinal studies.

High levels of pro-inflammatory cytokines can influence syn-
aptic plasticity and neurogenesis (28). Accordingly, cytokines can 
influence cognitive processes, including reaction time and work-
ing memory (29), that can be impaired in ADHD. Furthermore, 
the upregulation of pro-inflammatory cytokines such as IFN-γ and 
TNF-α modulates tryptophan metabolism. Studies have shown 
that tryptophan metabolites modulate several neurotransmitter 
systems, including dopaminergic transmission. Of note, lower 
levels of tryptophan and tryptophan metabolites are associated 
with the severity of ADHD symptoms (30). Pro-inflammatory 
cytokines can also activate microglia. When activated, microglia 
produce more pro-inflammatory cytokines that, in turn, promote 
activation of microglia, resulting in an inflammatory flow that 
further contributes to neuroinflammation and, theoretically, to 
the pathophysiology of ADHD (31). So far, no study has inves-
tigated microglial activation in the ADHD, an important aspect 
to confirm a direct pathogenic role for inflammation in ADHD.

There are several limitations in the literature addressing 
the role of inflammation in ADHD, including heterogeneous 
and small samples, lack of standardization of the biomarkers 
assessed, preventing comparisons among the studies. Even when 
the same molecule (IL-1Ra) was investigated by different studies, 
the results were not concordant. Accordingly, there is still much 
work to be done. Future studies must evaluate greater samples, 
including patients in different stages and across the spectrum 
of severity of the illness, and follow them prospectively with a 
representative panel of immune/inflammatory markers. This 
approach may determine a subgroup of patients in which inflam-
matory mechanisms play a meaningful pathophysiological role 
and, therefore, is more susceptible to immune-based strategies. 
In this context, an intriguing report needs to be replicated, i.e., 
high frequency of anti-Yo antibodies, an autoantibody known to 
impair cerebellar function (19). Regarding the frequent observa-
tion of altered balance and gait (signs of cerebellar dysfunction) 
in ADHD (32), it is tempting to hypothesize that the subgroup 
of patients with these motor signs would present higher levels of 
inflammatory markers than ADHD patients without motor signs.

In conclusion, over the past years, it has become recognized 
that inflammation may represent a common pathophysiological 
mechanism of major psychiatric disorders. Evidence also points 
to the association of ADHD with inflammatory processes. 
A  better characterization of the involvement of inflammatory 
mechanisms in ADHD is warranted, and may reveal important 
aspects of the pathogenesis and psychopathology of ADHD, with 
the potential to effectively advance its treatment.
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