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Abstract
Objective: he auditory brainstem response is o en a ected in
neurode e opmenta disorders. he aim o this study as to in es ate ender
di erences in bet een youn ema es and youn ma es ith compared
to contro sub ects.

Method: e studied ema es ith mean . years ema e contro s
mean . years ma es ith mean . years and ma e contro s
mean . years . pa ents ere dia nosed accordin to the . n
consists o se en posi e pea s a e ms o o in a s mu us recorded
by e ectrodes on the mastoid processes o each ear and on the orehead.

Results: hen ana ysin the s o the ema e pa ents traits ere
iden ed and . he hi her a ue in p . is e p ained
as an aberrant tha amus pro e. n p . presence o
re uencies in the re ion rom superior o i ary comp e to tha amus.
p . represents more aberrant cur e pro es in the re ion o the atera
eminiscus. n the o the ma e pa ents e ound e traits and

. p . is a o er corre a on to a norm cur e in in erior co icu us
and tha amic area. p . iden es irre u ar cur e pro es represen n
the nuc eus coch ea. p . presence o re uencies in the
re ion rom superior o i ary comp e to tha amus.

Conclusion: oun ema es ith e hibited a si ni cant y di erent in a
re ion bet een coch ear nuc eus and superior o i ary comp e and in the tha amic
re ion. n the ma e roup aberrancies ere ound in the midbrain
re ion and in the more periphera part nuc eus coc eus. he on y trait that as
si ni cant y di erent bet een the roup and the contro sub ects or both
ma e and ema es as . hese data indicate both ender speci c aberra ons
in the in sub ects as e as speci c di erences bet een sub ects
and normal controls.

Keywords: hi d and ado escent psychiatry ia nos cs ender
oun pa ents
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Introduction
tten on de cit hyperac ity disorder has been

reco ni ed as one o the most common neurode e opmenta
disorders in chi dhood . t is a hetero eneous condi on
ith persistent symptoms o hyperac ity inatten on and

impu si eness hich impair unc onin in mu p e se n s
. is a hi h y heritab e disorder and t in studies

ha e sho n a heritabi ity rate o appro imate y . he

es mated or d ide pre a ence o in chi dren is around
. he symptoms re uent y persist into adu thood and are

associated ith unc ona imita ons as e as psychiatric and
soma c morbidity. is a considerab e burden to the a ected
indi idua and to society . is a ec n both se es ith
a ma e to ema e ra o approachin : contras n to pre ious
studies sho in a ender ra o ir :boy ran in rom : to :

. er the years research has been tryin to nd di erences
in symptoms to e p ain the ender di erences in pre a ence. t
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has been proposed that ir s ith may be more i e y to
ha e the inatten e type o and may su er more rom
interna i in symptoms and inatten on hi e boys on the other
hand ha e more hyperac e and a ressi e symptoms .

n dia nosis shou d be based on neurode e opmenta and
c inica history . n addi on neuropsycho o ica tes n and
ra n sca es are o en used as a supp ement. here is a reat need
or ob ec e measures to impro e the dia nos c accurancy and
to uide c inica inter en ons. here are recent studies that ha e
ocused on tryin to nd ob ec e neuropsycho o ica tes n
methods or the dia nos cs o .

uditory brainstem response as rst described in
and re ers to the par cu ar ind o e ent re ated poten a

here the s mu us is sound in this case in the shape o
dis nct c ic s at i en inter a s. n e ectrodes are p aced
and ca ibrated to study the processes that occur in the basic
auditory path ays situated in the brainstem Figure 1).
re ects the subcor ca neurona e ectrica ac ity in the auditory
path ay ithin mi iseconds ms a er brie auditory s mu i.

he a e pattern pro ides in orma on in terms o the
atencies and amp itudes o these pea s. na ysis o the
a e patterns norma y comprises measurements o inter

pea atencies as e as ra os o pea amp itudes .
is an ob ec e method that does not re uire ac e

pa ent par cipa on and is considered an ob ec e approach
to in es ate brainstem unc on. n addi on comp e s mu i
may re ea aberra ons hich may not be assessed by standard
audio o ica procedures. omp e c ic s mu i e. . or ard
mas in ere there ore used in the present study to increase
the possibi ity o detec n ariances in comparison ithmatched
hea thy chi dren. he importance o usin comp e s mu i is a so
stated or au sm spectrum disorder .

e era studies ha e sho n that is o en a ected in
adu ts ith schi ophrenia

and bipo ar disorders . ossib e abnorma i es in youn
pa ents ith need more studies .

e ha e pre ious y presented a study on in youn ema es
ith here e ound traits speci c or youn ema es
ith compared to contro sub ects . he aim o the

present study is to in es ate possib e ender di erences in
bet een youn ema es and youn ma es ith compared
to contro sub ects.

Methods
Subjects
his study inc uded a tota o ema es ith a e mean
. years . ema e contro sub ects a e mean .

years . youn ma es ith a e mean . years
. and ma e contro sub ects a e mean . years
. . a ents and contro sub ects ere in the a e ran e o
years. he a e di erence bet een boys and ir s ere not

sta s ca y si ni cant. pa ents ere instructed to not ta e
any medica on the day o the tes n .

pa ents ere recruited rom the hi d and do escent
sychiatry outpa ent department o s and und t o ci es in

the south o eden. pa ents ere dia nosed accordin to the
ia nos c and ta s ca anua o enta isorders th di on

. he dia noses ere con rmed by the same senior
psychiatrist. he contro roups ere recruited rom schoo s
in und and recruited sub ects had no pre ious record o any
psychiatric disorder. a ents ith other concurrent psychiatric
dia noses ere e c uded to a oid comorbidity. ub ects ith
hearin impairment ere e c uded rom the study.

ritten in ormed consent as obtained rom a the sub ects and
their parents/ uardians. he study as appro ed by the re iona
ethics committee at the und ni ersity nr: .

Apparatus and stimulus 
he e o ed poten a s ere recorded usin auditory brainstem
response . he consists o a se uence o se en posi e
pea s a e that norma y occur ithin ms o o in
the onset o a s mu us recorded by sur ace e ectrodes on the
mastoid processes o each ear and on the orehead. a es and
are produced by the auditory ner e hereas the subse uent

pea s are due to the combined e ectrica ac ity o nuc ei at
radua y hi her e e s o the ascendin auditory path ay in
the brainstem. a es and are be ie ed to be enerated
in the coch ear nuc eus and superior o i ary comp e
respec e y hereas a e is thou ht to represent ac ity at
the e e s o atera emniscuses and in erior co icu us .
he measurin system used as enso etect� rainstem
o ed esponse udiometry . he s mu i ere

presented ia headphones ith ode cushions
e ephonics armin da e e or . resenta ons ere

made binaura y ith the s mu i in phase o er headphones.

Inferior 
colliculus 

ustra on o a e pattern o the standard and
correspondin anatomica structures ithin the rst
ms a er s mu a on.

Figure 1 
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n tota sound s mu i ere used. he sound s mu i included 
s uare shaped c ic pu ses hi h re uency aried pu ses
or ard mas in and bac ard mas in s mu i. he c ic pu ses
ere repeated un a tota o accepted e o ed poten a s

had been co ected or each sound s mu us. hus each
a e orm represents an a era e o the responses to

s mu us presenta ons. transistor transistor o ic tri er
pu ses coordinated the s eeps ith the auditory s mu i.

pu se is the si na hich te s the system to measure.
ith a correct y med pu se a representa ons i

be synchroni ed. berrant ac ity such as e treme y hi h
amp itudes due to e traordinarymo ements as re ected. ound
e e s ere ca ibrated usin a rue and aer sound e e meter
and ype ar cia ear rue aer easurement
aerum enmar . he acous c output rom the earphones

corresponded to : d or pe pea e ui a ence .
s uare shaped c ic pu se as used as probe in the auditory

mas in s mu i . he sound s mu i inc uded s uare shaped
c ic pu ses . ms dura on inc udin . ms rise and
a ms inters mu us inter a hi h pass tered pu ses a
utter orth hi h pass tered s uare shaped c ic pu se ith a

cuto o or ard mas in . ms ap rom mas er to
c ic pu se and bac ardmas in . ms rom c ic pu se to the
mas er s mu i as pre ious y described. utter orth
o pass tered hite noise ith ms dura on inc udin
. ms rise and a mes as used as mas er or both or ard

and bac ard mas in s mu i. s mu i ere constructed 
usin i na rocessin oo bo he ath or s nc.
a c assachusetts and stored in a ash memory in the

SensoDetect� system.

Procedure
tests ere per ormed in a soundproo s i ht y dar ened

room. ar cipants ere com ortab y seated in an armchair
ith their e s on a sma ootstoo to assure a res n posi on.
i e sur ace e ectrodes ere app ied: t o re erence e ectrodes
on the mastoid bone behind the e and ri ht ear respec e y
and t o ac e e ectrodes and one round e ectrode p aced on
the orehead. o ma e sure a ood transmission the sites ere
ashed ith disin ectant and abrasi e paste as used to s c the

e ectrodes. bso ute impedances and inter e ectrode impedances
ere measured be ore and a er the e periments to eri y that

e ectrode contact as maintained be o . arphones
ere tted to co er both ears. he sub ects ere instructed to

turn o their ce u ar phones and re a ith their eyes c osed
and ere permitted to a as eep. he test re uires no ac e
par cipa on other than bein sub ected to sound s mu a on.
e ore the test situa on ritten in orma on had been sent home

to the sub ect s parents or uardians as e as to the sub ect. n
site o the test session sub ects ere a ain erba y in ormed o
the nature o the e periments. he c ic sounds ere presented
to the sub ects be orehand toma e themac uainted ith s mu i.
he sub ects ere tested one at a me and the dura on o the
tes n procedure as appro imate y minutes.

Data analysis
rior to urther ana ysis the audio ram as corre ated to

data rom a roup o hea thy and norma hearin indi idua s
deri ed rom a norma e database to depict enera audio ram
ua ity. his is a standard opera n procedure o this method

in order to rant audio ram ua ity. o corre a on ed to
e c usion o the pa ent due to ris o erroneous measurement
e. . oose e ectrodes or head phones . he ensodetect system
re ected a e o ed poten a s bein o abnorma y hi h o ta e
i.e. aberrant ac ity typica y tri ed by pa ent mo ement
cou hin or tension. o ected e o ed poten a s or each
sound s mu us rom each indi idua as imported to icroso
ce icroso orp edmond and ana y ed usin
enso etect . re uencies atencies amp itudes and
corre a on coe cients to a normed cur e respec e y
ere in es ated. mp itudes ere measured rom the posi e

pea o a i en a e to the bottom o the pre ious a e. ince
the amp itude a ues obtained ere not read in micro o t
outputs ere inde ed i.e. norma i ed by addin constants to
a oid ne a e a ues then a amp itude a ues ere di ided by
the hi hest obser ed amp itude . hus re a e inear amp itudes
are used in this study. n order to iden y speci c patho o ies
a on the auditory path ay corre a on a ues to a norma e

cur e ere ca cu ated or di erent sec ons o the .
a ues ran in rom to ere obtained usin pearman

rho. i h posi e a ues indicate simi arity e. . no patho o y
a ues around ero indicate no re a on and o a ues c ose to
indicate in erse re a onship. er the r a ues or a sec ons

o the tota cur e ms had been computed the resu ts
ere ran ed. hus the test sub ect s most aberrant re ion
hen compared ith the norm cur e depicts a hi h number and

vice versa (Figure 2).

he same princip e as used in order to iden y occurrence
o hi h re uencies in the cur es o the test sub ects.
mathema ca y constructed ar cia a sine a e ith the
re uency as used as norm. orm popu a on median
a ues or e ery data point in the ere used to construct
the ar cia . ery pa ent s cur e as corre ated to
this ar cia . he corre a on a ue as ca cu ated or each
possib e star n point in the and the r ma as used to
indicate occurrence o the speci c re uency. s the ambi on
ith this opera on as to see hether the test person had an

occurrence o the re uency or not the outcomes ere ran ed

edian ur es o a ea thy ema es ema es
ea thy ma es and ema es. ound e ears.

Figure 2 
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rom or a a ues bet een r to r . and therea er or
r . to r . and so orth ith or r . to r indica n a
per ect match to the normed .

berrancies in the ere denoted traits . he trait
numberin emanated rom the act that a hi her number o
poten a y interes n traits ereori ina y in es ated. o e er
not a o these ua i ed in terms o test retest predic on a ues.
hus the traits presented in this study sho s aps in numberin .

or measurin di erences bet een youn ma es ith
compared to a e matched contro roup and youn ema es
ith compared to a e matched contro roup the

nonparametric test ann hitney as used.

Results
hen ana ysin the s o the ema e pa ents e ound

aberrancies in three a e areas these inc uded a e i.e.
denoted : berrant tha amus pro e ran in rom . . ms
a e i.e. denoted : resence o re uencies

in the re ion . . ms ran in rom to tha amus and a es
i.e. denoted : berrant pro e in the re ion . . ms

ran in rom coch ear nuc ei to . n the o the ma e
pa ents e ound aberrancies in three areas a e i.e
denoted : o corre a on to norm cur e in the re ion . .
ms ran in rom in erior co icu us to tha amus and i.e denoted

: resence o re uencies in the re ion . . ms
ran in rom to tha amus and a e i.e denoted : o
bac ard mas in corre a on to norm cur e in the re ion .
ms indica n a periphera unc on de cit in the ear y auditory
path ay.

omparin the o ir s ith to a e corre ated
contro sub ects three traits ere iden ed denoted
and (Figure 3a-e).

he hi her a ue in speci c or the ema es

p . as compared ith the ema e contro s is e p ained
by more aberrant cur e pro es in the tha amic re ion at . .
ms. n a hi her presence o re uencies in the
midbrain re ion at . . ms ran in rom to tha amus
as obser ed or the roup as compared ith contro s
p . . he hi her a ue in speci c or the
ema es at . . ms p . as compared ith the ema e
contro s is e p ained by more aberrant cur e pro es in the
re ion o the atera eminiscus (Table 1). 

hen oo in at the rom youn ma es ith and
comparin them to their a e corre ated contro sub ects
e ound three traits and (Figure 3a-e). is

described as a o er corre a on to a norm cur e in in erior
co icu us and tha amic area at . . ms p . .
iden es irre u ar cur e pro es ithin pea ran in rom
at . . ms represen n the coch ear nuc eus p . .

is described as a hi her presence o re uencies
in the re ion at . . ms ran in rom to tha amus as
obser ed or the ma e roup as compared ith contro s
p . .

he on y trait that as si ni cant y di erent bet een the
roup and the contro sub ects or both ma e and ema es as

(Table 1).

Discussion
ue to the ma or rise in reported pre a ence durin the

past decades the pub ic debate concernin the need or
more ob ec e dia nosis has been i id . e
ha e recent y pub ished an ar c e ith resu ts sho in speci c

di erences in the youn ema e roup ith compared
to hea thy contro s .

he aim o this study as to iden y di erences in brainstem
responses in youn pa ents dia nosed ith
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compared to a contro roup. o our no ed e this is the rst
study done on youn pa ents years ith

tryin to nd ender speci c di erences. n this study e
compared the youn ema es ith both to a youn ema e
contro roup but a so to youn ma es ith and their ma e
contro roup. n the roup o youn ma es ith e ound
three traits speci c or compared to hea thy contro s

and . n the youn ema e roup e ound three traits
not present in the hea thy contro s and . ne trait
co occurred in both ender roups .

oo in at the ndin s rom a bio o ica ie t o o the
ema e traits and and one o the ma e traits
ere ound in the tha amic area or in the near pro imity. his

supports other studies that ha e sho n structura and unc ona
abnorma i es in the deep parts o the brain o youn pa ents
ith . t has been described ear ier that tha amic

dys unc on eads to symptoms o hyperac ity inatten on and
dysre u a on o s eep and a e u ness a o hich are symptoms
o . he on y trait that is not in the tha amic area
is represen n the coch ear nuc eus a more periphera part
o the brain. he coch ear nuc eus is here parts o the auditory
tempora processin occurs. t is an important component in 
sound detec on in noisy en ironments and in se ec e auditory
atten on de cits in these aspects o sound processin are
re uent symptoms in .

on y present in the youn ema e roup is ocated

in atera eminiscus pons area. re ious studies re ardin brain
ac ity ha e sho n hi her res n state ac ity in youn pa ents
ith compared to contro s in this area .

hich is present in both ender roups is ocated in
the midbrain ran in rom that is the rst ma or site o
con er ence o auditory in orma on rom both ears important
or oca i a on o sound to tha amus. n ha amus trans orma on
o soundsource acous cs re uency me and amp itude into
perceptua eatures i.e. acous c eatures be ins to orm .

t is possib e that these di erent traits ound represent di erent
sub roups o . urther research areas ou d be to in the
person ith a speci c trait to its reported symptoms. or
e amp e do pa ents ith prominent report more
symptoms in o in hearin and sound detec on

ar y studies ha e sho n a e and ender di erences in
hereas there are other more modern studies that demonstrate

that the a in process is essen a y a periphera phenomenon
hich does not in o e the centra part o the acous c path ays

. eurode e opmenta di erences may at east par a y
e p ain hy ir s are dia nosed so much ater than boys .
ince our pa ents are a e matched e be ie e that e ha e u y
contro ed or this actor in our study.

t is c ear rom ourmateria that in youn pa ents ith
is ender speci c. n y one trait name y o er apped the
others are ender speci c.
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Trait Female ADHD mean 
(S.D.)

 Female controls mean 
(S.D.)  Female p-value Male ADHD group 

mean (S.D.)
Male controls mean 

(S.D.) Male p-value

 median median     
. . . . . . . . . .
. . . . . . . . . . . . .

. .
. . . . . . . . . .

. .

Tabel 1: resu ts or youn pa ents ith compared to contro s. ann hitney test as used. ema e roup ema e
contro s ma e roup and ma e contro s .
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ur ndin s support the act that needs to be oo ed upon
as a dia nosis composed o sub roups a ie that

and its sub roupin o supports. ur studysho s that
has the poten a to be the ob ec e dia nos c instrument

chi d and ado escent psychiatry has been oo in or. is a
non in asi e method that is easi y administered to pa ents it is
not dependent on an ua e s i s or cu tura bac round . ur
ndin s su est that cou d be used as a comp ement and a

support hen dia nosin youn pa ents ith . y means
o our ndin s e ha e ot a deeper understandin o the
bio o ica nature o and its sub roups. he present study
su ests that the method mi ht pro ide use u biomar ers
to support the c inica dia noses o .

any reports sho possib e re u a on o ocus coeru eus ac ity
by mety phenidates and by atomo e n . uture research
areas o interest ou d be to in es ate hether medica on

ou d decrease the di erences bet een the roup o
chi dren ith and hea thy contro s and i it is possib e to
predict choice o medica treatment accordin to trait match.
here is a so a need or on itudina studies ith chi d and
ado escent contro sub ects ith other psychiatric dia noses
to urther substan ate our ndin s. e ha e there or recent y
ini ated a study o and in youn pa ents. nother study
re ardin and has started in the autumn o at the
ni ersity o und. indin s rom these studies i be o reat

interest to in es ate possib e o er ap ith traits and the
possib e ro e o comorbidity.
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