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I ntroduction. Manifestations of the features of
mental development are individual and largely
depend on hereditarily determined genetic fac­

tors. Individual genetic predisposition to a certain
development of the nervous system is due to the
involvement of many genes. Genes involved in the
development and functioning of the nervous system,
in the formation of the neurocognitive and behav­
ioral profile, can exist in several allelic variants and
occur in different populations with different fre­
quencies. Genetic polymorphism is one of the caus­
es of various phenotypic manifestations of genes in
the development and functioning of the nervous sys­
tem and the formation of mental status [2, 6].

In some cases, deviations in phenotypic manifes­
tations can be the cause of genetic mutations.
Mutations can manifest themselves at the genomic,
chromosomal and gene levels and affect various
mechanisms for the implementation of the genetic
program. Thus, mutational rearrangements leading
to a decrease (deletion) or increase (amplification)
of the genetic material lead, respectively, to a
decrease or increase in the expression of individual
involved genes. The influence of the “dose” effect
of genes also causes various changes in phenotypes
and variants of their manifestations [10].

It is known that genes associated with sex chro­
mosomes, including the NLGN4Y, SRY, PCDH11Y
genes located on the Y chromosome, can participate
in the formation of the neurocognitive and behav­
ioral profile [3, 5, 9]. It has been shown that an
increase in the number of copies of the Y chromo­
some genes leads to overexpression of gene pro ducts
involved in the development and functioning of the
brain. Influencing the formation of the neurobiolog­

ical foundations of mental status, the invol ved genes
can serve as a potential factor that increases the risk
of various changes in the beha vioral and social phe­
notype, in particular, in the presence of the gene
“dose” effect. However, the specific genes associat­
ed with the behavioral phenotype and the molecular
mechanisms of cognitive disorders associated with
sex chromosomes are not fully understood [1, 4, 7].

However, studies of the relationship between the
size of the Y chromosome and the development of
attention deficit hyperactivity disorder in children
have not yet been conducted.

The purpose of the study: was to analyze the
association of ADHD with Y­chromosome size
variability, as well as with other possible cytogenet­
ically detectable changes in the karyotype.

Materials and methods of research: The most
informative method to evaluate the entire karyotype
is the standard cytogenetic research method (SCR).
Using this method, it is possible to detect not only the
full form of a cytogenetic deviation from the norm,
but also a mosaic one. This allows us to conclude
about the origin of chromosomal changes (germinal,
embryonic) and the possibility of their transmission
to offspring. When examining children with ADHD
for chromosome analysis, peripheral blood lympho­
cytes stimulated with the mitogen phytohemagglu­
tinin (PHA) were used as a biological sample.

We examined 62 children aged 6­15 years with
clinically diagnosed ADHD, among which there
were 75.8% (47) boys and 24.2% (15) girls. The
girls were included in the study to assess the possib ­
le involvement in cytogenetic variants in ADHD not
only of the Y chromosome, but also of other chro­
mosomes, both sex and autosomes. The results
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Table
Results of cytogenetic studies

Note: boys with ADHD: 19/47 (40.4%); boys without ADHD (control group): 1/51 (1.96%). χ2=22.3; P<0.05; OR=33.9; 95%
CI 4.31­267.1;

obtained were compared in a comparative aspect
with the results of karyotyping of apparently
healthy children without clinically established signs
of ADHD (the control group included 45 children,
including 21 (46.7%) boys and 24 (53.3%) girls).
The ranking of the subjects based on gender showed
that the number of children with a 46,XY karyotype
who were diagnosed with ADHD was 1.6 times
more (t=2.32; p<0.05) than children without the
syndrome, then as the number of children with a
46,XX karyotype with and without signs of ADHD
did not differ statistically significantly (t=1.94;
p>0.05). This fact provides a cytogenetic basis for
confirming the fact that individuals carrying the Y­
chromosome in the karyotype, i.e. boys are more
likely to develop ADHD.

The study showed that among the children of the
main group, the karyotype without cytogenetically
detectable changes in the sex chromosomes was
found in 45.1±7.2% of cases in boys and in 100% of
cases in girls (69.3±5.8% of children with ADHD in
total). In the control group, the proportion of me ta ­
phases with a karyotype without changes in the sex
chromosomes in boys was 85.7±7.6%, and in girls
it was 100% (in total, 93.3±3.7% of children).
Comparison of data from the main and control
groups as a whole showed that in children with
ADHD, the proportion of karyotype without cyto­
genetically detectable changes in sex chromosomes
was 1.3 times less (t=3.49; p<0.05) than in children
without clinical signs syndrome. The absence of
changes in sex chromosomes in girls in our study

may indicate the absence of an association of cyto­
genetic X chromosome variations with ADHD.
However, the fact that no such relationship was
found in our study may also be due to the small
number of girls included in the survey using the
SCR method. To clarify this fact in the future, it is
necessary to conduct an additional study with the
participation of a larger number of girls.

Changes in sex chromosomes in 54.9% of boys
affected mainly the length of the Y chromosome.
This cytogenetic manifestation has so far been con­
sidered not a pathology, but a polymorphism and
was regarded as a variant of the norm. However, in
the light of recent data regarding the identification of
the relationship between ADHD and an increase in
the Y­chromosome material [3, 6, 9] and the effect of
the “dose” of genes [7, 8], it is necessary to take into
account not only the number of Y chromosomes in
the karyotype, but also the increase in the size of this
chromosome. In our study, we did not find any kary­
otypes with supernumerary Y chromosomes in chil­
dren with ADHD. However, 19 out of 47
(40.4±7.2%) examined boys with ADHD showed an
increase in the size of the Y chromosome.

An enlarged Y­chromosome was also found in
the karyotype of one boy from the control group.

According to the calculated odds ratio, the risk
of developing hyperactive syndrome in male
patients with Yp and Yq+ is significantly higher by
33.9 times (χ2=22.3; Р<0.05; OR=33.9.; 95% CI
4.31­267.1) compared to boys without chromoso­
mal change (without Ypss or Yqss+) (Tab.).

Evaluation of changes in the length of the Y­chro­
mosome was of an objective­subjective nature.
Changes in the relative length of the Y chromosome
were determined based on its comparison with chromo­
somes 21 and 22 (G group of small acrocentric chro­
mosomes) and chromosome 18 (small submetacentric
chromosome of group E). In the case when the length of

the Y­chromosome was comparable to chromosome 18,
but 1.5­2 times longer than the length of the chromo­
somes of group G, it was considered to be increased. If
the Y­chromosome was equal in size or slightly larger
than the chromosomes of group G, but smaller than
chromosome 18, then this cytogenetic variant of its
length was considered as the norm (Fig. 1).
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The change in size affected mainly the long (q)
shoulder. It is known that the main array of hete­
rochromatin (Gh) in the Y chromosome, with the
exception of small areas in the centromeric region
(p11.1–q11.1), is located precisely in the q arm (q12
locus). A change in the size of the q­arm was noted
both in children with ADHD (38.3±7.1%) and in
control subjects (14.3±7.6%). At the same time, the
difference when comparing the data of both groups
was significant (t=2.31; p<0.05), which confirmed
the non­randomness of this cytogenetic variant and
its relationship with the development of ADHD.

In one case (2.1±2.1%), we noted an increase in
the short (p) arm. This change could occur both due
to amplification of the heterochromatin region in
the p arm of the Y chromosome (locus p11.1) and
due to the insertion of a fragment of another chro­
mosome. In the latter case, the rearrangement could
affect not only the heterochromatic but also the
euchromatic region. The variant of uneven transla­
tional exchange of fragments with other chromo­
somes is also not excluded (Fig. 3). However, the
single case of an increase in the p­arm in the group
of patients indicates the unreliability of this event,

Fig. 1. Comparative assessment of the length of the Y­chromosome based on
comparison with small acrocentric chromosomes, chromosomes of the G group (21 and 22)

and small submetocentric chromosome 18 from the E­group.
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its randomness and the absence of a connection
with ADHD in our study.

It should be noted that all cases of increase in the
length of the Y­chromosome that we identified were
complete cytogenetic variants, when the detected
changes can be found in all cells of the body,
including sex cells. This suggests the possibility of
transmission of Y­chromosome length variants, as
well as the associated predisposition to ADHD off­
spring, and therefore suggests the presence of a
hereditary factor in the development of the syn­
drome. However, this version is hypothetical and
needs to be confirmed by further additional studies
in larger samples.

Conclusions. Thus, our study of the karyotype
showed that in children with ADHD, cytogenetical­
ly detectable changes occur 33.9 times more often
than in children without clinical signs of the syn­
drome. We did not reveal cytogenetic changes asso­

ciated with quantitative rearrangements, as well as
with structural changes in autosomes and the X
chromosome, however, we noted a significant
increase in the proportion of karyotypes with the Y
chromosome, the size of which exceeded the norm
established on the basis of comparison with the G
chromosomes and the chromosome 18. It was found
that a change in the length of the Y­chromosome is
realized due to an increase in the material of its q­
arm, which is consistent with the data of other stud­
ies on the effect of increasing the "dose" of genes on
the development of ADHD. Based on the study, we
concluded that an increase in the length of the Y­
chromosome is associated with ADHD, can be one
of the factors for predicting the likelihood of devel­
oping the syndrome and can be used in screening
and prenatal diagnostics for the purpose of early
detection of predisposition to the development of the
syndrome and the adoption of preventive measures.

1. Bryant D.M., Hoeft F., Lai S., Lackey J., Roeltgen D., Ross
J., Reiss A.L. Sex chromosomes and the brain: a study of neu­
roanatomy in XYY syndrome // Dev Med Child Neurol.,
2012; 54(12):1149­56.
2. Cordeiro L., Tartaglia N., Roeltge., Rossc J. Social Deficits
in Male Children and Adolescents with Sex Chromosome
Aneuploidy: A Comparison of XXY, XYY, and XXYY syn­
dromes // Res Dev Disabil., 2012; 33(4): 1254–1263.
3. Durand Christelle, Kappeler Caroline, Betancur Catalina, et
al. Expression and genetic variability of PCDH11Y, a gene
specific to Homo sapiens and candidate for susceptibility to
psychiatric disorders // Am J Med Genet B Neuropsychiatr
Genet., 2006; 141(1): 67–70.

4. Lepage J.F., Hong D.S., Raman M., Marzelli M., Roeltgen
D.P., Lai S., Ross J., Reiss A.L. Brain morphology in children
with 47, XYY syndrome: a voxel­ and surface­based morpho­
metric study // Genes Brain Behav., 2014; 13(2):127­34.
5. Loke H., Harley V., Lee J. Biological factors underlying sex
differences in neurological disorders // Int J Biochem Cell
Biol., 2015; 65:139­50.
6. Tartaglia N.R., Ayari N., Hutaff­Lee C., Boada R. Attention­
deficit hyperactivity disorder symptoms in children and ado­
lescents with sex chromosome aneuploidy: XXY, XXX, XYY,
and XXYY // J Dev Behav Pediatr., 2012;33(4):309­18.
7. Paoloni­Giacobino A., Lespinasse J. Chromosome Y poly ­
so my: a non­mosaic 49, XYYYY case // Clin Dysmorphol.,

REFERENCES – ƏDƏBİYYAT – ЛИТЕРАТУРА

40

Fig. 2. Map of the Y­chromosome with the location of the bands and heterochromatic (Gh)
regions (indicated by an arrow) in accordance with the international classification system

for chromosomes ISCN 2009.
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Özbəkistan

Təqdim edilmiş məqalədə diqqətin defisiti və hiperaktivlik sindromu ilə olan 62 uşaqda sitogenetik tədqiqat əsasın­
da Y­xromosomunun uzunluğunun artmasının diqqətin defisiti və hiperaktivlik sindromu ilə əlaqəsi təyin edilmişdir.
Həm də bu tapıntı adıçəkilən sindromun əmələ gəlməsi ehtimalının proqnozlaşdırılması amillərindən sayılır və sin­
dromun yaranmasına meylliyin erkən aşkarlanması və profilaktik tədbirlərin görülməsi məqsədi ilə skrininq və peri­
natal diaqnostikada istifadə edilir.
Açar sözlər: diqqətin defisiti və hiperaktivlik sindromu, kariotip, Y­xromosom, fenotip, asosiallıq.

РЕЗЮМЕ

ЦИТОГЕНЕТИЧЕСКИЕ ПРОЯВЛЕНИЯ ХРОМОСОМНЫХ РЕАРАНЖИРОВОК В
КАРИОТИПЕ ДЕТЕЙ С СИНДРОМОМ ДЕФИЦИТА ВНИМАНИЯ И ГИПЕРАКТИВНОСТИ

Саидходжаева С.Н., Вафоева Г.Р.
Ташкентский Педиатрический Медицинский Институт, кафедра неврологии,

детской неврологии и медицинской генетики, Ташкент, Узбекистан

В данной статье на основании цитогенетического исследования 62 детей с синдромом дефицита внимания с
гиперактивностью было установлено, что увеличение длины Y­хромосомы ассоциировано с развитием дан­
ного состояния. Это является одним из факторов прогнозирования вероятности формирования синдрома и
используется в скрининговой и пренатальной диагностике, с целью раннего выявления предрасположенно­
сти к его развитию и принятия профилактических мер.
Ключевые слова: синдром дефицита внимания с гиперактивностью, кариотип, Y­хромосома, фенотип, асо­
циальность.
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