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Abstract: Abnormal auditory information processing has been reported in individuals with 

autism spectrum disorders (ASD). In the present study auditory processing was investigated by 

recording auditory brainstem responses (ABRs) elicited by forward masking in adults diagnosed 

with Asperger syndrome (AS). Sixteen AS subjects were included in the forward masking experi-

ment and compared to three control groups consisting of healthy individuals (n = 16), schizo-

phrenic patients (n = 16) and attention deficit hyperactivity disorder patients (n = 16), respectively, 

of matching age and gender. The results showed that the AS subjects exhibited abnormally low 

activity in the early part of their ABRs that distinctly separated them from the three control 

groups. Specifically, wave III amplitudes were significantly lower in the AS group than for all 

the control groups in the forward masking condition (P , 0.005), which was not the case in the 

baseline condition. Thus, electrophysiological measurements of ABRs to complex sound stimuli 

(eg, forward masking) may lead to a better understanding of the underlying neurophysiology 

of AS. Future studies may further point to specific ABR characteristics in AS individuals that 

separate them from individuals diagnosed with other neurodevelopmental diseases.
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Introduction
Asperger syndrome (AS) belongs to the autism spectrum disorders (ASD) and is 

characterized by stereotyped behavior and deficient social interaction and communica-

tion skills.1 ASD are, at least in part, regarded as neurodevelopmental disorders where 

certain frontotemporal neural circuitries and brainstem-cerebellar circuitries often are 

found to be dysfunctional.2

Auditory sensory processing has been shown to be deficient in ASD and AS.3,4 

Among the auditory symptoms reported is hypersensitivity to auditory stimulation and 

difficulties in filtering out environmental background noise.5–8 Although individuals 

with AS usually have normal language development, deficient semantic-pragmatic 

skills have been reported.9–11 The neural basis of language abnormalities in individu-

als with ASD has been widely studied using the recording of auditory event-related 

potentials (ERPs), which represent transient changes in the brain’s electrical activ-

ity in response to certain auditory stimuli. Several studies have shown abnormal 

latencies and amplitudes of the early components (P1, N1, P2) of ERPs, suggesting 

abnormalities in basic sensory processing at an automatic, pre-attentional level.12 

Furthermore, differences in higher level processing, such as novelty detection, sen-

sory memory,  discrimination of stimuli features, of auditory stimuli have also been 

widely observed.12–14 Several studies have shown reduced P3a and P3b responses, 
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suggesting impaired social orienting and novelty processing, 

and abnormalities in the mismatch negativity (MMN), 

reflecting encoding of acoustic change.12

Recently, Russo and colleagues for the first time demon-

strated a subcortical involvement in deficient coding of pitch 

in children with ASD, presumably contributing to impairment 

in pragmatic, socially contextualized language.15 The study 

evaluated brainstem frequency-following responses (FFRs) 

evoked by speech syllables with ascending and descending 

pitch contours, showing abnormal brainstem processing in 

a subgroup of children with ASD.

The auditory brainstem response (ABR) is often affected 

in neuropsychiatric disorders.16 ABR reflects subcortical 

potentials evoked by brief auditory stimuli, and was first 

described by Jewett and Williston in 1971.17 The ABR con-

sists of a sequence of seven positive peaks (waves I–VII) 

that normally occur within 10 ms following the onset of a 

stimulus. Waves I and II are produced by the auditory nerve, 

whereas the subsequent peaks are due to the combined 

electrical activity of nuclei at gradually higher levels of the 

ascending auditory pathway in the brainstem. Waves III and 

IV are believed to be generated in the cochlear nucleus and 

superior olivary complex (SOC), respectively, whereas wave 

V is thought to represent activity at the levels of lateral lem-

niscus and inferior colliculus.16,18 The ABR waveform pro-

vides information in terms of the latencies and amplitudes 

of these peaks. Analysis of the ABR wave patterns normally 

comprises measurements of interpeak latencies as well as 

peak amplitude ratios.19,20 ABR is an objective method that 

does not require active patient participation. Therefore, use 

of the ABR technique is an applicable approach to inves-

tigate brainstem function in neuropsychiatric populations. 

Specifically, complex stimuli may reveal aberrations which 

may not be assessed by standard audiological ABR proce-

dures. Complex stimuli (eg, forward masking) is therefore 

used in the present study to increase the possibility of detect-

ing group differences. This may occur since AS patients are 

known to have deficits in complex processing.21

Previous studies by this group have shown that schizo-

phrenic patients perceive sounds differently than non-

schizophrenic comparison subjects, possibly partly reflecting 

abnormal functioning of the lower portion of the auditory 

pathway.22,23 More specifically, auditory masking has been 

shown to be aberrant for schizophrenic patients.22 Auditory 

forward masking refers to the reduced ability to detect a stim-

ulus when preceded by a masking sound.24 The  masking effect 

can be assessed as the amount of shift in latency and ampli-

tude relative to the unmasked condition. Auditory forward 

masking has been shown to lead to prolonged latencies for 

waves III and V as well as reduced peak amplitude for wave 

III and increased wave V amplitude.25 Interestingly, speech-

in-noise perception difficulties have been observed for 

individuals diagnosed with AS, which in part are thought to 

reflect abnormal peripheral auditory processing.26 Thus, it is 

pertinent to further investigate auditory sensory dysfunctions 

in AS by means of auditory forward masking.

The aim of this study was to investigate auditory forward 

masking abilities of AS patients compared to matched healthy 

individuals as well as individuals of other neuropsychiatric 

conditions reportedly having sensory and perceptual dysfunc-

tions such as schizophrenia and attention deficithyperactivity 

disorder (ADHD). Therefore, the subjects were chosen on the 

basis of diagnostic criteria of schizophrenia, ADHD, and AS 

according to the Diagnostic and Statistical Manual of Mental 

Disorders, 4th Edition (DSM-IV) as corroborated by senior psy-

chiatrists only. No interest was focused on demographic or other 

background factors. Specifically, interpeak latencies and peak 

amplitudes in forward masking ABRs were investigated in this 

study. Furthermore, qualitative curve analysis was performed for 

comparison between the AS subjects and control groups.

Methods
Subjects
Sixteen AS patients (mean age (± standard deviation [SD]) 

38.4 ± 10.8 years, age range 23–58; 11 males, 5 females) were 

included in the study. The majority of the participants were 

males, reflecting the greater incidence of AS in males versus 

females.27 An equal number of reference subjects (mean age 

(±SD) 38.3 ± 12.4 years, range 20–56; 11 males, 5 females) 

were chosen from a pool of mentally healthy individuals, 

to match age and gender of AS patients. As symptoms of 

ASD overlap with other psychiatric disorders, two groups 

(each group n = 16) consisting of schizophrenic (mean age 

(±SD) 38.9 ± 9.1 years, range 24–56; 11 males, 5 females) 

and ADHD subjects (mean age (±SD) 37.4 ± 10.9 years, 

range 21–58; 11 males, 5 females), respectively, were also 

included in the study.28,29 Patient groups had been diagnosed 

according to DSM-IV by senior psychiatrists. The diagnoses 

were established at least one year prior to testing. All subjects 

were tested to exclude hearing impairment. Hearing ability 

and control ABRs were investigated by an audiologist to 

exclude subjects with hearing disabilities from the study. 

As a consequence, one schizophrenic subject was excluded 

from the study. The AS, ADHD, and schizophrenic subjects 

had no neuropsychiatric co-morbidities. All schizophrenic 

subjects except one had neuroleptic treatment whereas 
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reference and ADHD, subjects had no medication at the time 

of testing. Of the AS subjects, three were taking selective 

serotonin reuptake inhibitors and one was taking a selective 

norepinephrine reuptake inhibitor. There were no significant 

differences in the proportions of handedness between groups. 

Written informed consent was obtained from all subjects after 

the procedures had been explained fully. A formal consent 

was ascertained in accordance with the requirements of the 

ethical committee at the University of Lund, Sweden (docu-

ment number 353/2006).

Stimuli and apparatus
A square-shaped click pulse was used as a probe for both 

the control ABR condition and the auditory forward masking 

setup. The probe had a duration time of 0.000136 seconds and 

a rise and fall time of 0.000023 seconds. The individual clicks 

of the stimulus train had an interstimulus interval (ISI) from 

onset to onset of 0.192 seconds. In the forward masking para-

digm the square-shaped click pulse is preceded by a masker 

(Figure 1). A 1500 Hz low-pass filtered noise (Butterworth 

filter) was used as the masker. The duration of the masking 

noise was 0.015 seconds including the 0.004 seconds rise and 

fall time, and the gap between masker and target stimulus 

was 0.012 seconds. The time interval onset to onset of click 

in the forward masking setup was 0.192 seconds. The evoked 

potentials were recorded using the GN Otometrics’ Chartr 

EP ABR recording equipment (GN Otometrics, Taastrup, 

Denmark). TTL trigger pulses coordinated the sweeps with 

the auditory stimuli. The click pulses were repeated until a 

total of 1024 accepted evoked potentials had been collected. 

Each ABR waveform represents an average of the responses 

to 1024 stimulus presentations. Aberrant activity, such as 

extremely high amplitudes due to extraordinary movements, 

was rejected using the standard setup GN Otometrics’ Chartr 

software. The stimuli were presented to the subjects with an 

intensity level of 80 dB sound pressure level (SPL). Sound 

levels were calibrated using a Bruel and Kjaer 2203 sound 

level meter and Type 4152 artificial ear (Bruel and Kjaer 

S&V Measurement, Naerum, Denmark).

All stimuli were constructed using MATLAB  Signal 

Processing Toolbox (The MathWorks, Inc., Natick,  MA, 

USA) and presented using a Denon DCD-685 compact disc 

player (Denon Electronics, Mahwah, NJ, USA). The output of 

the CD player was connected to TDH-50P headphones with 

Model 51 cushions (Telephonics, Farmingdale, NY, USA). 

Presentations were made binaurally with the stimuli in phase 

over headphones. The masking noise was kept constant at an 

intensity level of 70 dB SPL.

Procedure
All tests were performed in a quiet darkened room. Partici-

pants were comfortably seated in an armchair in a resting 

position. Surface electrodes were applied to the mastoid 

bone behind the left and right ear, with a ground electrode 

and a reference electrode placed on the vertex and forehead, 

respectively. Absolute impedances and interelectrode imped-

ance were measured before and after the experiments to verify 

that electrode contact was maintained (below 5000 Ω). The 

subjects were instructed to relax with their eyes closed and 

were permitted to fall asleep. The test required no active 

participation other than being subjected to sound stimulation. 

Before the test session, subjects were verbally informed of the 

nature of the experiments. The click sounds were presented 

to the subjects beforehand to make them acquainted with 

stimuli. The subjects were tested one at a time and the dura-

tion of the testing procedure was 40 minutes.

Data analysis
All ABR waveforms were analyzed using Chartr GN soft-

ware. A qualitative approach was taken as an audiologist 

Masker Gap Probe

192.0 ms (ISI)

15.0 ms 12.3 ms 0.136 ms

Figure 1 Graphical representation of the forward masking stimulus.
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and a physician visually investigated all ABR waveforms 

for identification of dominant peaks in specific regions. ABR 

waveforms were analyzed separately for each ear. Interpeak 

latencies and peak amplitudes were retrieved and transferred 

into Microsoft Excel (Microsoft Corp, Redmond, WA, USA)

for further statistical analysis. Latency was measured from 

the onset of the stimulus to the peak of a given wave. Ampli-

tude was measured from the positive peak of a given wave 

to the bottom of the following trough. In order to investigate 

masking effects, latency changes were expressed as amount 

of shift relative to the latency in the unmasked condition and 

amplitude changes were expressed as a percentage change 

from the unmasked condition. Following the measurements, 

the I/III, I/V and III/V peak amplitude ratios in the forward 

masking condition were calculated. The Mann–Whitney U 

test was used for nonparametric group comparisons between 

AS patients and reference groups (Minitab, Sydney, NSW, 

Australia).

Results
The aim of the study was to examine ABR forward masking 

patterns of AS individuals compared to control subjects. 

Baseline condition consisted of repeated stimulation with 

a square-shaped click pulse. Analysis of latencies and peak 

amplitudes of the ABR waveforms in the baseline condition 

showed significant differences of peak III amplitudes between 

the AS and schizophrenia groups (P = 0.012) and between 

the AS and ADHD groups (P = 0.009). Transmission of 

basic auditory click stimulus was however not significantly 

altered in the group of AS subjects as compared to matched 

healthy controls.

When a masker was introduced before the square-shaped 

click pulse (Figure 1), forward masking effects such as ten-

dencies of prolonged waves III and V latencies and reduced 

peak amplitude for wave III were seen in all groups (data 

not shown). No significant group differences were seen in 

masking effects, as measured by percentual amplitude and 

latency shifts between identified peaks in the two conditions 

(data not shown).

In between-group comparison of ABR waveforms in the 

forward masking condition showed that wave III amplitudes 

were significantly lower in AS individuals than in the control 

groups. This was statistically significant for AS individuals 

(Table 1) versus healthy individuals (P = 0.002), ADHD 

subjects (P = 0.001) and schizophrenic subjects (P = 0.002). 

No significant differences regarding other peak amplitudes 

and latencies were found between AS subjects and the control 

groups in forward masking ABR waveforms.

Figure 2 shows the averaged right ear ABR waveforms of 

males without diagnosis (n = 5, mean age 30.0 years, range 

26–33) and with AS diagnosis (n = 5, mean age 29.6 years, 

range 26–34), respectively, in response to forward masking. 

Homogenous groups were chosen to reduce the effects of age 

and sex in averaged ABR waveforms. Prolonged latencies 

could consistently be noted in the averaged ABR waveforms 

of the AS subjects compared to those of healthy individu-

als. Generally, a tendency of reduced wave amplitudes was 

observed in the averaged ABRs of AS patients, as compared 

to that of healthy individuals. Furthermore, the balance 

between the initial peaks was slightly altered.

The wave amplitude ratios I/III, I/V, III/V in the forward 

masking paradigm were investigated and analyzed using the 

Mann–Whitney U test. No statistically significant differences 

of these amplitude ratios were found between AS subjects 

and the control groups. Wave I amplitudes were noted to be 

of high variability in all investigated groups, which conse-

quently led to high variability in ratios involving this peak 

amplitude.

There was a general trend of similar left side differences 

that however did not reach statistically significant levels 

(data not shown).

Discussion
The present study was aimed at determining whether AS 

individuals and control subjects differ in their ABR patterns 

in response to forward masking. Previous studies have shown 

that AS patients as well as learning-disabled individuals, who 

also have auditory processing deficits, have normal ABRs to 

click stimuli, in contrast to more complex sounds eg, speech 

stimuli.15,30–33 Thus, our null findings regarding statistically 

significant differences between AS subjects and matched 

healthy controls in response to the square-shaped click pulse 

were not unexpected. Furthermore, this indicates that the 

basic auditory functioning is not significantly disturbed in 

Table 1 Peak iii amplitude (μV) of right side forward masking 
ABRs for subjects with Asperger syndrome and matched control 
groups

Controls ADHD Schizophrenia Asperger  
syndrome

(n = 16) (n = 16) (n = 16) (n = 16)
Amplitude  
peak iii 
(mean ± SD)

0.33 ± 0.16 0.39 ± 0.22 0.42 ± 0.28 0.17 ± 0.10

P value ,0.005 ,0.005 ,0.005 –

Abbreviations: SD, standard deviation; ABRs, auditory brainstem responses; ADHD, 
attention deficit hyperactivity disorder.
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AS patients. The significant wave III amplitude differences 

in the baseline condition between the AS subjects and the 

schizophrenic and ADHD groups, respectively, may reflect 

specific pathologies for mentioned groups.

As previously described, forward masking increases 

wave III and wave V latencies and leads to amplitude reduc-

tion of wave III, a trend which was observed in all groups.25 

A tendency of ABR waveform abnormalities, such as prolon-

gation of wave I latency, was observed in all patient groups, 

but not seen in healthy individuals (data not shown). However, 

forward masking revealed an abnormal pattern in the early 

part of the ABR of AS patients that significantly separated 

them from all control groups. Specifically, the lowered peak 

III amplitude in the forward masking paradigm separated AS 

subjects from both psychiatrically healthy matched controls 

and individuals diagnosed with schizophrenia or ADHD. 

The separation was statistically significant although a few 

AS subjects did not show the differentiating characteristics. 

The fact that not all AS subjects showed this abnormality 

might be explained by the diagnostic heterogeneity in AS 

individuals. However, the abnormalities were observed for 

the majority of the AS subjects, contrasting with the find-

ings of other studies where deficits were only observed for 

a subgroup of AS patients.15,34,35

In forward masking, the masker precedes the target 

stimulus and the threshold of the target sound is thereby 

elevated by the masker. The masking effect generally 

increases with a shorter time interval between the masker 

and target stimulus, longer masker duration and when the 

masker and target stimulus frequencies are close together.36–38 

Forward masking has been suggested to play a role in echo 

suppression, thereby enabling listeners to determine the 

true direction of the original sound source, despite the pres-

ence of echoes.39 It is well known that ASD/AS individuals 

have difficulties separating competing sound sources and 

have reduced understanding of speech in a noisy environ-

ment although their basic sensory sound processing capac-

ity has been claimed to be largely intact.6,26,30,40 However, 

auditory abnormalities in the low-level auditory processing 

in AS individuals have been described although the neural 

basis of these deficits is not well understood.41 The audi-

tory brainstem has been investigated in a number of studies 

of ASD patients.18 However, the majority of studies have 

focused on simple sounds in a small number of subjects, 

and the reported results are inconsistent. Rosenhall and 

colleagues reported in an extensive study that the major-

ity of a group consisting of 101 children and young adults 

with mild autism showed abnormalities in the auditory 

brainstem, supporting the findings of previous studies sug-

gesting that brainstem dysfunction is involved in ASD.34,35,42 

Furthermore, magnetic resonance imaging revealed reduced 

brainstem size in ASD children and adults.43,44 Recently, 

Russo and colleagues demonstrated deficient processing of 

speech-evoked brainstem responses in a subset of children 

with ASD, suggesting that the brainstem is implicated in the 

processing of complex sounds.15

Figure 2 Averaged ABRs with forward masking stimulus for male subjects with Asperger syndrome (n = 5; soild line) and matched healthy controls (n = 5; dotted line).

Amplitude

0.2 µV/bin

Latency I ms/bin
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In the present study, the ABR of AS patients revealed an 

abnormal pattern in the early part of the ABR, corresponding 

to peripheral structures in the brainstem and in the auditory 

nerve. Wave I is produced by the auditory nerve, whereas 

wave III is thought to be generated in the cochlear nucleus 

or at the level of the superior olivary complex (SOC).16,45 

Consequently, the abnormal response to forward masking in 

AS patients as measured by the significantly decreased peak 

III amplitude may suggest that electrical activity at the levels 

of the cochlear nucleus and/or superior olivary complex is 

decreased in AS patients. Indeed, forward masking has been 

shown to exert its effect on both the auditory nerve fiber 

and dorsal neurons in the cochlear nuclear complex.39,46 The 

medial olivocochlear (MOC) system, localized in the vicinity 

of SOC, is assumed to be involved in complex sound pro-

cessing and may be involved in filtering ascending auditory 

input via efferent feedback from higher auditory nuclei and 

the auditory cortex.47–50 The MOC system has been shown 

to suppress the response of the cochlea to concurrent noise 

thereby improving signal-to-noise detection.51 The MOC 

bundle synapses directly on the outer hair cells (OHCs) that 

are involved in the amplification of cochlear vibrations in 

response to sound. Activation of the MOC system modulates 

the OHCs by decreasing their amplification effect.52 Interest-

ingly it has been hypothesized that the MOC system may be 

dysfunctional in ASD individuals.53 Thus, a deficiency of 

the MOC system may contribute to the abnormalities in the 

ABR of AS individuals shown in our study.

The observed result of lower wave III amplitude in the 

forward masking condition of AS individuals was only 

statistically significant for results obtained from the right 

side. This indicates right ear dominance, which is in con-

cordance with the general finding of lateral asymmetry in 

hearing sensitivity, as the right ear has been shown to have 

a lower average threshold than the left ear.54 Interestingly, 

the MOC system has been shown to have greater influence 

on the right ear.55 A lateralization effect involving the MOC 

system could reflect lateralization of cochlear mechanisms.56 

It has been suggested that the brainstem may be involved in 

the resulting lateralization deficits which could affect both 

afferent and efferent auditory pathways.56

Auditory processing involves the brainstem and subcorti-

cal structures together with cortical networks. The afferent 

pathway is not just limited to straightforward bottom-up 

signaling, it is also collaterally influenced, and investigated 

structures might be affected by neurons at higher levels of 

the auditory pathway. It has been suggested that auditory 

stimulus processing early in the auditory pathway may 

influence later cortical events and higher cognitive processes 

can modify neural activity via top-down processing medi-

ated via descending pathway.57 Furthermore, the cortex has 

been indicated to have a possible role in forward masking.58 

Thus, the abnormal ABR to forward masking in AS individu-

als may partly involve efferent cortical influence. However, 

the fact that this study is based on a passive listening task, 

wherein the subjects were not required to actively listen to 

the probe, suggests that pre-attentive brainstem deficits play 

a key role.

A number of studies have focused on neuronal 

development and functional connectivity in ASD. In ASD 

children there is evidence of a normal brain size at birth fol-

lowed by overgrowth during the first 6–14 months, coinciding 

with a period of, abundant synaptogenesis, myelination and 

elaboration of dendritic and axonal processes, suggesting 

overgrowth of neural connections and a lack of selective 

elimination of neural processes.59 Increased volumes of 

cerebellar and cerebral white matter have been reported 

in several studies, indicating differences in axonal density, 

myelination abnormalities or abnormal glial cell prolifera-

tion.60,61 Furthermore, the neural connectivity is suggested 

to be abnormal in ASD individuals.21 Specifically, long-

range connectivity between functional brain regions may be 

abnormally weak whereas overgrowth of local projections 

has been reported.62,63 Deficits in functional connectivity 

may not account for the findings of this study, although such 

effects cannot be fully excluded.

The results of this study implicate deficits in auditory 

forward masking of AS individuals, suggesting a role of the 

early brainstem in the pathology of the disease. There were, 

however, several limitations in the present study, one of them 

being that larger samples of AS patients will be needed in 

a future study to further support this finding. Another issue 

to be considered is that age and gender influences the ABR 

characteristics.64 It is well known that males consistently show 

longer ABR latencies than females. In this study only minor 

latency differences were discovered between male and female 

AS patients and due to the small number of female partici-

pants no statistical analysis could be done. Neither could the 

effects of medication be assessed this time due to the small 

number of participants. However, earlier studies in this group 

have shown that medication effects on the ABR are much 

smaller than the effect of an unquestionable neuropsychiatric 

disease such as schizophrenia or AS (unpublished results). In 

a future study, it would be interesting to investigate whether 

the abnormalities in the forward masking ABR waveforms 

of AS patients can be correlated with other parameters such 
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as language impairment, using rating scales for the subjects. 

Control groups diagnosed with additional neuropsychiatric 

disorders could also be included in a future study to further 

investigate the specificity in the ABR patterns of AS patients 

compared to patients diagnosed with other neuropsychiatric 

disorders.

Conclusions
Auditory brainstem processing of forward masking showed 

clear differences in ABR waveforms of AS patients when 

compared to the other control groups of this study. Aberrant 

early brainstem auditory network functioning thus exists in 

these patients and it is possible to demonstrate it by means of 

ABR. The high level of statistical significance regarding the 

AS patients versus all control groups indicates a specificity 

of discrimination. This fact may bear a great importance for 

further studies with the aim to use ABR for diagnostic pur-

poses and/or in the process of controlling therapeutic efforts 

in neuropsychiatric states.
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