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Summary. Event-related potentials provide an objective way to evaluate activity of the brain
at different stages of stimulus processing-sensory, preattentional and cognitive. In Lithuania
several types of auditory event-related potentials are being applied: P300 potential,
mis-match negativity, P1-N1-P2 potential, P50 potential and auditory steady-state response.
Potentials are applied in psychiatry and neurology to evaluate disease-related changes, to
monitor effects of both medicative and non-medicative treatment, and to search for the optimal recording conditions. Obviously, when studies are performed in healthy subjects, it is
easy to collect homogenous groups in respect to age. However, it is well known that patients
who might benefit from event-related potential examination are of very different age. And
thus, it is tempting to know the effect of aging on the routinely applied event-related potentials to provide their objective evaluation.
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Auditory event-related potentials (ERPs) can be used to
examine both exogenous (acoustic representation) and endogenous (attention and learning) aspects of sound processing [1, 2]. ERPs are comprised of positive and negative
waves reflecting activation from neural resources that are
involved in the processing of sensory information [1, 2].
Currently, in the research and clinical practice in Lithuania several types of auditory event-related potentials
(ERPs) are being applied. These are so called P300 potential, mis-match negativity (MMN), P50 potential (and its
gating), and auditory steady-state responses (ASSR).
Mostly, these techniques are adapted for use in psychiatry
and neurology. P300 potential have been implemented in
the studies of Alzheimer disease [3, 4], schizophrenia [5],
and during testing of clinical effects of both chemical medications and non-medicative therapies [4, 6–9]. MMN was
applied in the studies of schizophrenia [10] and study of
clinical effects of olanzapine [11]. Both P50 potential [12,
13] and ASSRs [14] were used to investigate optimal experimental conditions for ERP recordings, and ASSR was
used in the study of schizophrenia [15].
When studies are performed in healthy subjects, it is
easy to collect homogenous groups in respect to age and
gender and overcome unwanted effects. However, it is
well known that patients who might benefit from ERP examination are of very different age. And thus it is tempting
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to know the effect of aging on the routinely evaluated components of the above-mentioned ERPs to provide objective
evaluation. Herein, we present a brief review on the effects
of age on classical and commonly used ERPs.

P1-N1-P2 COMPLEX
Sounds must be detected before they can be discriminated,
grouped, and ultimately perceived. The P1-N1-P2 complex is an ERP that signifies the physiological detection of
audible stimulus energy. From this perspective, it can be
seen as an index of the capacity for perception of the sound.
The P1-N1-P2 response is considered as the onset response
and classified as “obligatory” response because it represents the physiological detection of a sound. It can be elicited by a variety of stimuli. P1-N1-P2 responses are generated by multiple sources, including thalamo-cortical projections as well as primary and association areas of each
auditory cortex, thus reflecting synchronous neuronal activation of structures in the thalamic-cortical segment of the
central auditory system. The presence of a P1-N1-P2 response implies that a sound has reached the level of the cortex and is now available for further processing. Moreover,
the P1-N1-P2 complex can be used to indirectly assess the
integrity of the central auditory system, up to the cortex
[16, 17]. The schematic representation of P1-N1-P2 complex or ERP is presented in Figure 1.
Pfefferbaum et al (1980) found no age-related differences on N1 amplitude or latency [18]. In the later study by
Laffont et al (1989) increased P1-N1 amplitudes with increasing stimulus intensity were found to be more pronounced in older persons. P2 was larger and later in the
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aged subjects as well [19]. By analogy, pronounced effects
of aging have also been reported for P1-N1-P2 response latencies and amplitudes: P1, N1 and P2 latencies increased
with age, N1 and P2 amplitudes were enhanced [20], and
N2 amplitudes were reduced [20, 21]. However, Czigler et
al (1992) and Lijffijt et al (2009) showed that P2 amplitude
was larger in the younger group [22, 23].

P50 POTENTIAL AND SENSORY GATING
One of the most frequently investigated auditory evoked
potentials – P50 potential – is widely applied in research
practice. During classical P50 paradigm, two identical
brief stimuli are presented 500 ms apart (ISI) in a pair with
inter-pair interval (ITI) of 8–10 s [23]. In a sense, P50 is the
same as P1, however this term is used when stimuli are presented repetitively and P50 auditory sensory gating is measured as the degree of reduction in P50 amplitude in response to stimulus repetition [24]. P50 auditory sensory
gating is believed to reflect a preattentional filter mechanism [24]. Gating of P50 wave is known to be affected in
diseased state [24–26], by medication or chemical compounds [27, 28] and by the level of arousal [12, 29]. A
schematic representation of P50 wave and its gating are
presented in Figure 2.
There are few studies investigating effect of aging on
P50 potential and the relationship between age and sensory
gating remains unclear. Some studies reported no changes
in P50 gating with age [23, 30, 31], whereas others reported a low positive correlation between gating and age
[32]. Rasco et al (2000) tested several inter-stimulus intervals and found a significant decrease in sensory gating of
the P50 potential in the adolescent group compared to
older age groups at the 250 msec ISI, but not at the 500 or
1000 msec ISI [33].

Fig. 1. A schematic representation of P1-N1-P2 complex.
S marks the occurrence of the stimulus.

Fig. 2. A schematic representation of P50 wave and gating
effect.
S1 marks the occurrence of the first stimulus; S2 marks the occurrence of the second stimulus.

P300 POTENTIAL
The most widely used ERP is P300. Generally, it is elicited
by a typical oddball task, when a series of two different
tone stimuli is presented with the rare tone occurring less
frequent than the standard [1, 2]. The subject is required to
note the occurrence of the target and to not respond to the
standard. In the response to target tones late positive wave
peaking at around 300 ms appears. A schematic representation of P300 wave is presented in Figure 3. Thus, P300
potential is closely reflecting cognitive functions such as
stimulus evaluation and task relevance. Hence, both their
potential clinical application for detecting cognitive disturbances [3, 4] and an increasing interest in the aging of cognitive human brain functions resulted in a growing number
of studies on age-related P300 changes.
Effects of age on P300 potential are relatively well
studied and consistent. In a number of studies P300 component showed systematic latency prolongation and am-

Fig. 3. A schematic representation of P300 wave.

plitude decrease with advancing age [3, 34–37]. This was
confirmed by a very recent study of Juckel et al (2012), in a
classical P300 paradigm [38]. However, there are some deviating effects. In a study of Woods (1992), elderly subjects showed a trend toward smaller P300 amplitudes and
delayed P300 latencies, but group differences did not reach
statistical significance [39]. Pfefferbaum et al (1980) observed only prolonged P300 latencies with no effect on
P300 amplitudes [18]. This was partly supported by Gaal et
al (2006), who found no effect on P300 amplitude in the
oddball paradigm [40].
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Fig. 4. A schematic representation of MMN wave.
Grey solid line – response to deviant tone, grey dashed line – response to standard tone. Black solid line indicates difference
(standard-deviant), where MMN wave is evident.

Similar results were obtained using auditory deviant
paradigm, frequent stimuli are presented with rare non-targets and rare “deviant” targets. Knight et al (1987) showed
systematic latency prolongation and amplitude decrease of
the P300 component with advancing age [35]. Similarly,
Gaal et al (2006) showed the decrease of the amplitude of
P300 with age in a novelty task [40]. However, in the study
of Gaeta et al (1998), were P300 component was observed
in the ERPs of the young to both large tonal and novel deviants, a robust P300 component was evident only to the
novel deviants in the ERPs of the old [41].

MMN

sponse, because it presumably reflects the physical mismatch between a memory trace of the frequently occurring
stimuli and the distinguishing acoustics of the deviant
stimuli.
General finding presented in the literature is MMN amplitude decrease with age [22, 39, 44]. Pekkonen et al
(1995) showed that aging effect on MMN is ISI-dependent: MMN area was stable regardless of age with 1 sec ISI,
whereas with 3 sec ISI, MMN area was significantly
smaller in the old than in the young subjects [45]. This was
confirmed by the later study, where the group showed that
aging affected neither frequency nor duration of MMN at
interstimulus intervals of 1.5 ms, but with a 4.5-s ISI the
MMN attenuated significantly more in the older than
younger subjects [46]. Gaeta et al (1998) showed that at
each level of deviance, MMN amplitude was smaller in the
older relative to younger adults [41]. This was confirmed
by Bertoli et al (2005). Moreover, in both studies older
adults were less sensitive to the smallest frequency change,
as indicated by an absent MMN to the smallest deviant
stimuli [34]. However, in a study by Amenedo and Diaz
(1998), MMN latency and amplitude were quite stable regardless of age [47].

AUDITORY STEADY-STATE RESPONSE
The auditory steady-state response (ASSR) is observed
when stimuli are presented periodically resulting in
electroencephalographic entrainment [48]. The frequency
of the ASSR is close to the frequency of stimulation and the
greatest magnitude is observed when stimuli are presented
at 40 Hz [49]. The source of ASSR has been localized in the
pri mary au di tory cor tex, supratemporal gyrus, and
brainstem with additional activity arising from cerebellum
[50–52]. Predominately, ASSR is used for testing hearing
sensitivity or as a marker of the state of consciousness during anaesthesia [48]. But the gamma range ASSR (especially in the case of 40 Hz ASSR) has also been used as an
index of the ability for gamma band frequency generation
in local cortical networks in neuropsychiatric disorders
[53]. Stimuli, used for ASSR generation vary: they can be
amplitude-modulated tones, frequency-modulated tones
and discrete clicks [48]. A schematic representation of
ARRS to 40 Hz click train is presented in Figure 5.
Muchnik et al (1993) have analyzed first N1 responses
to 40 Hz periodic stimuli and showed latency prolongation
and amplitude enhancement in the older subjects [55]. This
finding nicely corresponds to the effects of age on classical
P1-N1-P2 component, as discussed above.

Deviant tones that are randomly embedded in a sequence
of standard tones elicit an event-related potential called the
mismatch negativity (MMN). MMN is partly overlapped
by other ERP components at 100–200 msec latency (N1
and P2) and its shape varies, MMN peak latency and ampli tude may be am big u ous. The MMN ap pears as
negativity in response to the deviant stimulus, approximately 100 to 300 ms post stimulus onset and MMN is
computed as a difference between response to the standard
and to the deviant. A schematic representation of MMN is
presented in Figure 4. “Obligatory” P1-N1-P2 responses
are evoked simultaneously with the MMN, as the deviants
must first be detected before they can be discriminated.
The processes, involved in MMN generation, are assumed
to initiate involuntary auditory change
detection [42]. The mechanism of change
detection, in turn, is known to work
through the memory comparison process. Therefore, it is sug gested that
MMN provides an index of the auditory
sensory (“echoic”) memory [43]. The
Fig. 5. A schematic representation of 40 Hz ASSR.
MMN is described as a discriminative re134
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The literature contains divergent findings with regard
to the effect of age on steady-state responses. Johnson et al
(1988) did not show any significant differences in phase or
amplitude of the 40 Hz ERP between the age groups, indicating that the normal aging process does not have an effect
on this response [54]. However, a trend that age effects are
more likely to be present at higher modulation frequencies
was observed. For example, no age effect was found by
Boettcher et al (2001) at stimulation rates £ 50 Hz [56].
Similarly, Purcell et al (2004) found no age effect in the
amplitude of the ASSR response when the frequency
ranged from 30–50 Hz. In contrast, the stimulation frequencies at which the largest ASSR age effect occurred
were over 100 Hz [57]. This was supported by findings of
Grose et al (2006): ASSR amplitudes diminished in older
listeners relative to young listeners for a high modulation
rate but not for a low modulation rate [58].

FUNCTIONAL RELEVANCE OF AGE-RELATED
CHANGES
In order to reveal functional significance of the findings
presented above, it is crucial to evaluate functional processes that are leading to the ERP generation. Cortical
evoked responses result from stimulus-locked postsynaptic potentials within apical dendrites of pyramidal neurons
in the cerebral cortex [16]. The number of recruited neurons and the extent of neuronal activation are believed to
be reflected by the amplitude of ERPs. And thus, the amplitude can be used as an index of the strength of the response in microvolts (mV) [1, 2, 16]. However, synchrony
of the neural response also crucially contributes to the resulting ERP pattern. It is also partially reflected by the amplitude [16]. The latency of the ERP wave refers to the
amount of time, in milliseconds (ms), that it takes to generate the bioelectrical response following stimulus presentation. And thus, latency is related to the neural conduction time and site of excitation. In a sense, it reflects
the time it takes for the sound to travel through the peripheral auditory system to the place of excitation in the central auditory system [1, 2, 16]. Thus, amplitude reduction
with increasing age that occurs for most of the waves discussed, is a sign of reduced number of neurons and their
synchronisation. This process is evident in both obligatory sensory pre-attentive components and in cognitive
components, indicating that general ability of neural populations to work synchronously diminishes with age. Similarly, prolonged latencies of the most waves indicate
age-induced slowing of the conduction of information at
most levels in the auditory-cortical system. With respect
to above listed information, when ERPs are introduced
into clinical practice, it is absolutely necessary to collect
healthy control data from various age groups for all the
component of interest.
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SENËJIMO POVEIKIAI SU ÁVYKIU SUSIJUSIEMS
KLAUSOS POTENCIALAMS
Santrauka
Sukeltieji potencialai yra objektyvus bûdas ávertinti smegenø
veiklà skirtinguose stimulo apdorojimo etapuose – sensori-

niuose, ikidëmesiniuose ir kognityviniuose. Lietuvoje yra taiko mos skir tin gos sukeltøjø potencialø rûðys: klasikinis
P300 po ten cia las, nesutapimo negatyvumas, P1-N1-P2
potencialas, P50 potencialas ir girdimasis nuostovus atsakas.
Potencialai naudojami klinikinëje praktikoje vertinant ligos
sukeltus paþeidimus, medikamentinio ir nemedikamentinio
gydymo poveiká, ieðkant optimaliø registravimo sàlygø. Akivaizdu, kad, dirbant su sveikais tiriamaisiais, galima nesunkiai
parinkti vienalytes pagal amþiø ir lytá grupes. Taèiau pacientø,
kuriems iðtyrimas sukeltaisiais potencialais gali bûti naudingas, amþiaus iðsibarstymas yra labai platus. Todël svarbu þinoti, kaip sukeltieji potencialai ir jø parametrai priklauso nuo
amþiaus.
Raktaþodþiai: su ávykiu susijæ klausos potencialai, amþius.
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