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Abstract

Background: Attention deficit hyperactivity disorder (ADHD) is 
comprised of the triad of inattention, hyperactivity and impulsivity. 
It was hypothesized that ADHD children and adults have abnor-
malities not only in several late-developing fronto-striatal networks 
but also in temporal-parietal and fronto-cerebellar neural networks 
which mediate the cognitive control functions that are impaired in 
this disorder. So the aim of this study is to determine the learning 
disabilities in different types of ADHD and its relation to brainstem 
and cortical function.

Patients and Methods: Forty children participated in the study. 
All children were subjected to a full neurological and psychiatric 
examination: Swanson, Nolan and Pelham Questionnaire 4th edi-
tion (SNAP-IV-1992), Myklebust learning disability scale, auditory 
brainstem response (ABR) and electroencephalography (EEG).

Results: Patients with ADHD showed significant lower level of 
learning disability score, and the inattentive type had the worst 
score. The mean of ABR had significant delay in wave III, IV, V, 
I-III and I-V interval, and the delay was significantly high in inat-
tentive type. Fifteen (37.5%) children with ADHD had abnormal 
non-epileptiform activity and five (15%) had epileptiform activity. 
Inattentive type showed the highest abnormal activities. Learning 
disabilities showed non-significant negative correlation to score of 
inattention type, significant negative correlation to absolute latency 
of wave III, IV, V, interpeak latency between wave I-III and I-V 
interval and significant negative correlation to epileptiform activity 
in EEG.

Conclusion: Learning disabilities are strongly co-morbid with 

ADHD especially inattentive type and both may had brainstem and 
cortical processing abnormalities.

Keywords: Attention deficit hyperactivity disorders; Learning dis-
abilities; ABR; EEG

Introduction

Attention deficit hyperactivity disorder (ADHD) is com-
prised of the triad of inattention, hyperactivity and impulsiv-
ity. It is one of the most common childhood-onset neuro-
development disorders, with a prevalence of around 5% in 
children [1] and 3% in adults [2]. While the onset is usually 
before the age of 7 years, a majority (up to 65% of cases) has 
persistent, impairing symptoms into adulthood [3].

It was hypothesized that ADHD children and adults have 
abnormalities not only in several late-developing fronto-stri-
atal networks but also in temporal-parietal and fronto-cere-
bellar neural networks which mediate the cognitive control 
functions that are impaired in this disorder [4, 5].

Learning disorders (LDs) affect about 2-10% of the 
school-age population. They are characterized by an aca-
demic functioning that is below the level that would be ex-
pected given their age, intelligent quotient and grade level 
in school, and interfere significantly with academic perfor-
mances or daily life activities that require reading, writing 
or calculation skills [6]. Giraud and Ramus [7] described 
a putative mechanistic model that linked neuronal micro-
architecture of the auditory cortex to specific alterations of 
phonological processing. They suggested that dyslexia could 
be related to a disconnection syndrome and associated with 
neuroanatomical alterations, involving both the white and 
the gray matter of a frontotemporo-parietal network, sugges-
tive of dysfunction in cortical connectivity.

ADHD is associated with significant academic, behav-
ioral and social impairment throughout the life span [8, 9].

Central auditory processing disorder (CAPD) has been 
a debate about its relation to ADHD. Although the co-mor-
bidity of CAPD with ADHD has been well documented 
[10], some researchers argued that CAPD and ADHD may 

Manuscript accepted for publication February 26, 2014

aDepartment of Neuropsychiatry, Faculty of Medicine, Assiut University 
 Hospital, Assiut, Egypt
bDepartment of Neuropsychiatry, Faculty of Medicine, Qena University 
 Hospital, Qena, Egypt
cCorresponding author: Mohamed Abdel-Rahman Ahmed, Department 
 of Neurology, Assiut University Hospital, Assiut, Egypt. 
 Email: moabdelrahman91@yahoo.com

doi: http://dx.doi.org/10.14740/jnr268w

22                                                                                                                                                                                                                                                                                                                                                                                                                                                23



J Neurol Res. 2014;4(1):22-30Ahmed et al

Articles © The authors   |   Journal compilation © J Neurol Res and Elmer Press Inc™   |   www.neurores.org

be overlapping but independent disorders [11]. There is a 
similarity between ADHD and CAPD in symptomatology as 
well as in psychoeducational and behavioral sequelea [12]. 
Tillery et al [13] concluded that a diagnosis of ADHD places 
the child at risk (50-80%) for CAPD.

Auditory evoked potentials are considered biological 
markers that provide information about neural timing with 
fractions of millisecond precision [14]. Auditory brainstem 
response (ABR) provides information about the functional 
integrity of brainstem nuclei along the ascending auditory 
pathway up to midbrain inferior colliculus [15].

The relationship between epilepsy and ADHD is com-
plex and not well understood [16, 17]. There is some evi-
dence that children with ADHD have a higher rate of inter-
ictal epileptiform abnormalities on electroencephalography 
(EEG) compared with those without ADHD according to 
several studies [18, 19].

So the aim of this study is to determine the learning dis-
abilities in different types of ADHD and its relation to brain-
stem and cortical function.

 
Patient and Methods

   
Forty children (25 males and 15 females) participated in 
the study; they were collected from the outpatient clinic of 
psychiatry between December 2012 and May 2013. Age of 
children ranged between 6 and 12 years old, fulfilling the 
DSM-IV criteria for ADHD and never received treatment 

for ADHD. Children with intelligent question more than 
or equals 90 were included. Children with other co-morbid 
general medical or neurological illness were excluded. All 
children were found to have negative history for maternal 
exposure to smoking, drugs, toxins or alcohol during preg-
nancy. They all had normal natal, postnatal and developmen-
tal history.

Twenty normal children volunteers participated in the 
study from general population. The mean age for patients 
was 7.68 ± 1.64 years; 25 (62.5%) of them were males and 
15 (37.5%) were females. The control group consisted of 
nine (45%) males and 11 (55%) females and the mean age 
was 8.05 ± 1.73 years. There was no statistically significant 
difference between the two groups regarding age and sex.

All caretakers of the children gave written consent to 
participate their children in the study after full explanation 
of the study procedures was provided.

Methods

All children were subjected to the followings.
A full neurological and psychiatric history was obtained 

from all children and full general and neurological examina-
tion was done.

Swanson, Nolan and Pelham Questionnaire 4th edition 
(SNAP-IV-1992) [20, 21] which is designed semi-structured 
interview was done. Subscale scores are calculated by sum-
ming the scores of the items and dividing by the number of 
the items. We used the parent edition. Cutoffs are as follows: 

Mean SD P value

Patients 2.81 0.51 0.000***

Control 3.52 0.39

Table 1. Comparison of Learning Disability Scores in Patient and Control Groups

Table 2. Comparison of Learning Disability Scores in ADHD Subtypes

Mean SD P value

ADHD-C 2.92 0.46 0.019*

ADHD-I 2.40 0.52

ADHD-HI 2.97 0.39
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1.78 for ADHD-I, 1.44 for ADHD-HI and 1.67 for ADHD-C. 
This scale is very helpful in diagnosis as well as measuring 
severity of ADHD symptoms.

According to the DSM-IV, and Swanson, Nolan and 
Pelham Questionnaire 4th edition (SNAP-IV-1992) scale, 
children were categorized into three subtypes of the ADHD: 
predominantly inattentive (ADHD-I), predominantly hyper-
active-impulsive (ADHD-HI) and combined type (ADHD-
C).

Modified Myklebust learning disability scale was used 
to determine the learning affection in the diseased and con-
trol groups; it consists of 24 items and its cut point is 1.98. 
The scale was translated into Arabic language and standard-
ized in Jordon which is an Arabic Country like Egypt [22].

Neurophysiologic studies: 1) Click ABR was carried out 
for patients and control group with alternating click of in-
tensity 90 dB delivered by an earphone, with 10 pulses/s as 
repetition rate. We recorded the absolute latencies of wave 
I, II, III, IV and V and the interwave intervals of I-III, III-V 
and I-V on both sides. 2) Digitalized routine EEG was ob-
tained from all children using eight-channel Nihon Kohden 
machine employing scalp electrodes placed according to the 
international 10-20 system with bipolar and referential mon-
tages. EEG interpretation was done by professor of neurol-
ogy in two separate sessions. The interpretation was classi-
fied either to normal EEG, abnormal non-epileptiform EEG 
and epileptiform activity.

Statistical analysis

Statistical values were expressed as mean ± standard de-
viation (SD) using SPSS program version 17. These results 
were analyzed statistically using the independent Student’s 
t-test. Pearson correlation coefficient (r) was used to measure 
correlation between quantitative variables. Chi-square test 
and Spearman correlation coefficient were used to measure 
differences and correlations between qualitative variables 
respectively. Comparisons among more than two groups for 
differences in estimated means were conducted with analysis 
of variance (ANOVA) test.

 
Results

  
In the studied patients, 28 children (70%) had combined 
ADHD, inattentive type in nine children (22.5%) and hyper-
active-impulsive type in three children (7.5%) with male to 
female ratio 15:13, 7:2 and 3:0 respectively.

Patients with ADHD showed significant lower level of 
learning disability score in patient in comparison to control 
group (P < 0.000) (Table 1). The inattentive type had the 
worst score in comparison to combined and hyperactive-
impulsive type (P = 0.019) (Table 2, Fig. 1).

As regard ABR in the studied patients, there was no 
significant difference between right and left side in absolute 

Figure 1. Comparison of learning disability scores in ADHD subtypes.
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latency of ABR waves and intervals in patients and control 
groups. So we take the mean of both right and left side in 
patients and compared with the mean of both right and left 
side in control.

The mean of ABR waves and intervals of patients had 
significant delay in wave III (P = 0.025), wave IV (P = 
0.018), wave V (P = 0.006), I-III interval and I-V interval (P 
= 0.001) and III-V (P = 0.035) in comparison to control (Ta-
ble 3). The delay was significantly high in inattentive type 
in wave III (P = 0.000), wave V (P = 0.002), I-III interval (P 
= 0.001) and I-V interval (P = 0.002) in comparison to the 
combined and the hyperactive impulsive type (Table 4).

Nineteen (47.5%) of the studied children had normal 
EEG, 15 (37.5%) children with abnormal non-epileptiform 
activity and five (15%) children with epileptiform activity. 
Inattentive type showed two (22.2%) children with normal 
EEG, three (33.3%) children with abnormal non-epilepti-
form EEG and four (44.4%) children with epileptiform EEG 
activity. The combined type showed 16 (57.1%) children 
with normal EEG, 11 (39.3%) children with abnormal non-
epileptiform EEG and one (3.6%) child with epileptiform 

EEG activity. Hyperactive type showed one (33.3%) child 
with normal EEG, one (33.3%) child with abnormal non-
epileptiform EEG and one (33.3%) child with epileptiform 
EEG activity (Fig. 2).

Learning disabilities showed strong negative correlation 
to score of inattention type according to SNAP IV ADHD 
scale (r = -0.310; P = 0.051). Regarding neurophysiologic 
parameters, learning disabilities had significant negative cor-
relation to absolute latency of wave III, IV, V, interpeak la-
tency between wave I-III and I-V interval. Learning disabili-
ties also had significant negative correlation to epileptiform 
activity in EEG (Table 5).

Discussion
  
Our study showed significant lower score in learning abilities 
in children with ADHD in comparison to control. Old and 
less replicated studies have suggested that reading disorder 
might be the primary deficit which causes secondary symp-
toms of ADHD [23-26]. Co-morbidity with ADHD is pres-

Wave Group Mean SD P value

Wave I Patients 1.49 0.09 0.116

Control 1.52 0.09

Wave II Patients 2.53 0.14 0.644

Control 2.54 0.14

Wave III Patients 3.58 0.19 0.025*

Control 3.50 0.13

Wave IV Patients 4.68 0.20 0.018*

Control 4.60 0.15

Wave V Patients 5.51 0.25 0.006**

Control 5.38 0.19

Interval I-III Patients 2.08 0.19 0.001**

Control 1.99 0.11

Interval III-V Patients 1.94 0.15 0.035*

Control 1.89 0.13

Interval I-V Patients 4.02 0.24 0.001**

Control 3.87 0.18

Table 3. Comparison Between the ABR Means of Both Ears in Case and Control Groups

24                                                                                                                                                                                                                                                                                                                                                                                                                                                25



J Neurol Res. 2014;4(1):22-30   Attention Deficit Hyperactivity Disorders

Articles © The authors   |   Journal compilation © J Neurol Res and Elmer Press Inc™   |   www.neurores.org

ent from 10% to 50% of LDs children, while co-morbidity 
with dyslexia is present from 25 to 40% of ADHD patients 
[27-30]. Recent data have shown that there are common 

cognitive deficits between the ADHD and learning disability 
[31] according to a possible similar genetic etiology, as dem-
onstrated by families’ studies in twins [32, 33]. Margari et 

Table 4. One-Way ANOVA Test Comparing Means of ABR Waves and Intervals in ADHD Subtypes

Wave ADHD subtype Mean SD P value

Wave I ADHD-I 1.49 0.08 0.971

ADHD-C 1.50 0.10

ADHD-HI 1.50 0.00

Wave II ADHD-I 2.54 0.12 0.202

ADHD-C 2.54 0.12

ADHD-HI 2.40 0.20

Wave III ADHD-I 3.78 0.22 0.000***

ADHD-C 3.53 0.11

ADHD-HI 3.43 0.21

Wave IV ADHD-I 4.77 0.24 0.167

ADHD-C 4.68 0.17

ADHD-HI 4.53 0.21

Wave V ADHD-I 5.76 0.28 0.002**

ADHD-C 5.45 0.20

ADHD-HI 5.37 0.23

Interval I-III ADHD-I 2.27 0.20 0.001**

ADHD-C 2.03 0.14

ADHD-HI 1.93 0.21

Interval III-V ADHD-I 1.98 0.19 0.614

ADHD-C 1.92 0.14

ADHD-HI 1.93 0.06

Interval I-V ADHD-I 4.24 0.29 0.002**

ADHD-C 3.95 0.18

ADHD-HI 3.87 0.23
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al’s [6] results support these latter theories, as demonstrated 
by the higher frequency of ADHD in SLD patients as they 
reported that ADHD combined or isolated is present in 63 
(33%), 55 males and eight females with LD. Motor coordi-
nation disorder was reported in a percentage from 10.3% to 
26% of dyslexics [34, 35]. These data support the “cerebel-
lar theory” of dyslexia [36] according to which, the cerebel-
lum, that is responsible for motor control and automate over 
learned tasks (namely, reading), in LD may exert an insuf-
ficient motor control influencing articulation, phonological 
representation and ability to form appropriate connections 
between graphemes and phonemes. Carlson and Mann [37] 
mentioned that no consistent significant differences have 
been found between children with the combined and inatten-
tive types of ADHD in cognitive and academic achievement 
tests, although both tend to have poorer performance than 
controls. In the present work, inattentive type had the lowest 
score in learning ability in comparison to other two types 
but no previous studies reported LDs in different types of 
ADHD.

In the present study, there was significant prolongation 
of absolute and interpeak latencies of waves (III, IV and V) 
of ABR in both sides with delay in transmission of impulses 
from the auditory nuclei in low brainstem (interval I-III) and 
rostral midbrain (interval III-V) and total brainstem trans-

mission time (interval I-V) in ADHD patients compared to 
control subjects. This indicates a temporal perception defi-
cit in the range of milliseconds in ADHD may impact upon 
other functions such as perceptual language skills and motor 
timing and this agrees with Porras-Alonso et al [38] and Az-
zam and Hassan [39]; they also mentioned that the process-
ing of auditory information in the brainstem was impaired 
in ADHD children. Galbraith et al [40] suggested the exis-
tence of crude attention mechanisms at the level of the audi-
tory brainstem. These mechanisms could serve to enhance 
auditory encoding by directing processing resources to the 
appropriate modality, or within the auditory modality to the 
appropriate ear. On the contrary, Schochat et al [41] found 
normal ABR with normal wave latencies in ADHD children 
included in their study, and their study had small sample size 
which may explain the difference in the results.

As regard ADHD subtypes, we found significant differ-
ences among three subtypes of ADHD with the inattentive 
ADHD type having the most delayed latencies in waves (III 
and V) and the intervals (I-III and I-V). These findings sug-
gest that the inattentive ADHD subtype has more impair-
ment in auditory processing and brainstem transmission tim-
ing than other subtypes. This agrees with Effat et al [42] who 
concluded that high co-morbidity exists between auditory 
processing disorder (APD) and ADHD, with the most affect-

Figure 2. Distribution of normal and abnormal EEG within ADHD groups.
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ed ability being temporal auditory processing. Inattention 
and cognitive problems were the only clinical variables cor-
related to the presence of APD. Bamiou et al [43] mentioned 
that results arising from diagnostic methodologies and over-
lapping symptomatology of the two conditions may account 
for the debate as to whether APD and ADHD are single or 
two distinct but co-morbid developmental disorders. Clini-
cians can identify a reasonably exclusive set of diagnostic 
behavioral characteristics for ADHD and APD. However, 
consistency does not ensure validity of the diagnosis, and 
APD and the predominantly inattentive subtype of attention 
deficit disorder may yet be a single developmental disorder. 
On the other hand, we disagree with Ahmad Ghanizadeh [44] 
who reported in his study about screening signs of auditory 
processing problem in ADHD subtypes that auditory process 
problems is not predominant in ADHD subtypes.

Our study found 37.5% of ADH children had abnormal 
non-epileptiform activity in the form of diffuse background 
slowing and 15% with epileptiform activity. Barry et al [45] 
reported that ADHD group shows elevated levels of slow 
wave activity in comparison to normal children. Our results 
are also in agreement with Hemmer et al [46] who carried 
out a study on 234 children with ADHD and reported that 
15% of them had epileptiform activity. Socanski et al [47] 
found ADHD children having epileptiform activity consist-
ing 5.4%. Richer et al [48] found epileptiform activity in 
6.1%. The difference in percentages of abnormalities could 

be due to different sample sizes between the different studies 
and different demographic characteristics of the patients in 
different studies.

In the present study, the epileptiform activity is more 
prevalent in inattentive ADHD subtype. This is in agreement 
with Socanski et al [47] who found that the ADHD-I subtype 
was more common in children with epileptiform activity in-
dependent of a history of epilepsy. They mentioned that such 
a relationship has not previously been reported in children 
without co-morbid epilepsy, although it has been observed in 
patients with epilepsy. Laporte et al [49] mentioned that cog-
nitive dysfunction, attention difficulties and/or behavioral 
problems in ADHD may be related to the presence of inter-
ictal epileptiform activity on EEGs. For example, transient 
cognitive impairment during frequent subclinical epilepti-
form discharges can affect attention and cognitive function 
even in the absence of clinical seizure.

In the present work, learning disabilities had strong 
negative correlation to score of inattentive type of ADHD 
but not statistically significant and significant negative cor-
relation to ABR waves latency and epileptiform activity in 
EEG. Khaliq et al [50] reported that ABR abnormalities have 
been found in children with learning problems. They found a 
significant increase in latencies of wave II, III, IV and V, and 
interpeak latency I-V of ABR in poor performers. Kasteleijn-
Nolst [51] found that interictal epileptiform discharges have 
been demonstrated to cause transitory cognitive impairment 

Variable Correlation coefficient (r) P value

Inattention -0.310 0.051

Hyperactivity 0.135 0.406

Wave I 0.164 0.313

Wave II 0.028 0.862

Wave III -0.412 0.008**

Wave IV -0.343 0.030*

Wave V -0.400 0.011*

I-III interval -0.474 0.002**

III-V interval -0.173 0.287

I-V interval -0.464 0.003**

Epileptiform activity -0.313 0.049*

Table 5. Correlations of Learning Disability to Neurophysiology Parameters
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through a deleterious effect on attention, perception, reaction 
times, short-term memory and more complex intellectual 
tasks in epileptic patients. Furthermore, some children pres-
ent transient behavioral and learning difficulties correlated 
with epileptiform discharges without clinical epilepsy.

Conclusion

From the present work, we can conclude that learning dis-
abilities are strongly co-morbid with ADHD especially 
inattentive type and both may had brainstem and cortical 
processing abnormalities. Further researches with higher 
number of patients are needed to support these results.
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