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Abstract

The development of P50 suppression in the auditory event-related potential was examined in 32 participants aged
7-13 years and the relation of P50 suppression to individual differences in social withdrawal was investigated.
Auditory click pairs were presented binaurally and the amplitude of the P50 component was measured for the two
clicks. Across the whole sample, P50 amplitude to the second click was significantly smaller than P50 amplitude to
the first click, although around one third of participants showed augmentation of the P50 to the second click. For the
children who showed P50 suppression, the magnitude of P50 suppression increased with age and reached adult levels
in the oldest participants. P50 suppression did not vary with the extent of social withdrawal behaviors.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction click. In a variety of syndromes including schizo-
phrenia, closed head injury and post-traumatic
In the psychological and psychiatric literatures, stress disorder, suppression of P50 to the second
the role of the P50 component of the auditory click is impaired(Adler et al., 1982; Clementz et
event-related potentialERP) in early sensory  g|. 1997; Arciniegas et al., 2000; Neylan et al.,
processing has been examined in relation to the 1999, The basic model of P50 suppression
gati_ng of irrelevant or repetitive stimulus infor-  555umes that impaired suppression to the second
mation (‘sensory gating. In normal adults, the  gjick reflects poor sensory gating, which may be
P50 to the second stimulus in a paired-click para- ;g6 ciated with an influx of irrelevant or distract-
digm is reduced compared with the P50 to the first i, intormation that can cause perceptual or atten-
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pression not being seen until late adolescence. Aexhibit a high frequency of solitary behaviors in
second study by the same research group also usedhe presence of unfamiliar peers.
a range of age groups, with the youngest group The current paper has two main aims: first, we
spanning 10-14 years of agMyles-Worsley et ~ examine the development of P50 suppression in a
al., 1996. Compared to the previous study, P50 cross-sectional sample over the range of 7-13
suppression showed greater stability and a different years of age. The second aim of the paper is to
developmental time course: in the 10—14-year-old examine how P50 suppression varies with individ-
age group, P50 suppression was at the same levemal differences in children’s social behavior, spe-
of adults tested in the same study. cifically their levels of withdrawal behavior with

Despite the very small number of studies in unfamiliar peers.
children, P50 suppression may be particularly
meaningful from the perspective of developmental 2. Méthods
cognitive neuroscience. There is increasing evi- _ _ o
dence suggesting that the frontal cortex plays an The sample consisted of thirty-two participants
important role in mediating P50 suppression (14 male, 18 femaleaged between 7.3 and 12.9
(Knight et al., 1999; Weisser et al., 2001t is years(mean=10.3 years, S.B=1.9). Participants
interesting to speculate that maturation of P50 Were drawn from a larger group of children who
suppression may depend on maturation of regionsWere part of a longitudinal study of the psycho-
of the frontal lobes responsible for the suppression Physiological correlates of behavioral inhibition
of irrelevant or superfluous stimulus information, @nd social withdrawa(Fox et al., 2001 Children
Over the age range used in the present siitly were prl_marlly_ _of rr_uddle—class background,_llvmg
13 years, the frontal cortex is undergoing a period with their families in and around the Washlngton
of maturation that is associated with a concurrent 2 area. Parental consent was obtained for all
decrease in susceptibility to interference from irrel- participants a;nthhelstlédylwa_s ?‘ppff"‘}f b_y the
evant environmental stimuliBunge et al., 2002; LBJSIE:/:jrSIty 0 arylan nstitutiona eview
Casey et al., 1997 If F.)SO suppression IS indeed At both 4 and 7 years of age, each child had
related to the maturation of these inhibitory pro- I :
cesses, we may expect an age-related increase inb(.een seen for a total of 30 min in a _play session
P50 su’ppression over middle childhood with 3 same-sex, same-age, .unfamlllar children

In addition to age-related changes i.n sensory (Fox et a!., 2001 Behaviors durl_ng free play were

. . . coded with the Play Observation ScalRubin,
gating capacities, P50 suppression may also_ be1989). Each 10 s interval of the free play was
relevant to the study of individual differences in - ,qeq for children’s social participation and the
behawora! tenden_c:l_es in childhood. Ir_1d|V|_duaI dif- cognitive quality of play. Independent observers
ferences in reactivity to sensory stimuli are an coded the play sessions and Kappas ranged from
important component of models of both child g3 to 0.94. Two indices of social withdrawal
temperament and adult personalitrelau, 1998;  pehavior were used to select participants: solitary-
Eysenck and Eysenck, 1985Given that P50  passive behavior and social reticend@oplan et
suppression deficits have been theoretically asso-a|., 1994. Children in the top quartiles of either
ciated with a perceptually disturbing influx of of these indices at both 4 and 7 years of age were
irrelevant or distracting information, there may be ncluded in the socially withdrawn groun =12,
a link between deficits in P50 suppression and 6 femald. A group of more outgoing children was
individual differences in the tendency to withdraw formed from those participants who were never in
in noisy social situations. While it is unlikely that the top quartile of either social withdrawal index
all socially withdrawn children exhibit such sen- at both 4 and 7 years of age=10, 7 female.
sory processing issues, a deficit in sensory gating The remaining childrerfn=10, 5 female did not
may contribute towards the reinforcement of social meet the selection criteria for either of these groups
withdrawal tendencies in certain children who and these children form an ‘unselected’ group.
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Tympanometric screenings were conducted carried out using software from James Long Com-
using an impedance audiometer. Of the 32 partic- pany. Blinks in the EOG signal were regressed out
ipants, 30 had tympanograms that were in the of the EEG using a procedure based on previously
normal range for admittance, equivalent volume described methodéLins et al., 1993. Epochs in
and tympanometric pressure peak for both ears.which the EEG signal exceedet 200 wV were
Two boys from the withdrawn group were exclud- excluded from further analysis. This resulted in an
ed from further analyses due to abnormal negative average of 42 click pairs per participaf$.D.=7
pressure in one or both ears. trials) being averaged to produce the ERP wave-

The electroencephalogratEEG) was recorded forms. The EEG signal was then subjected to
from 9 scalp sites plus the left and right mastoids digital filtering between 10 and 50 Hz, and ERPs
using a lycra Electro-Cap. An anterior midline site were calculated to each click relative to a 100 ms
(AFz) served as the ground electrode. EEG data prestimulus baseline.
were collected referenced to Cz and then were re- The P50 to the first click was identified as the
referenced in software to an average mastoids most positive peak in the 50-70 ms range. The
configuration, which allowed the reconstitution of boundaries of this latency window were based on
the EEG signal from Cz. ERP data is presented Vvisual inspection of the grand mean and individual
for Cz only, since this is the site at which P50 waveforms. The P50 to S2 was identified as the
suppression was strongest in the dataset and frommost positive peak within+12 ms of the P50
which results are usually reported for P50 suppres- latency to S1. The amplitude of the P50 to each
sion (Clementz et al., 1997; Nagamoto et al., click was taken as the peak amplitude minus the
1991). amplitude of the preceding negativity, i.e. from

Electrode impedances were less than@ Krhe ~ Nb, or the point at which the upward slope of the
scalp EEG was amplified by a factor of 5000 and P50 began(Yee and White, 2001; Nagamoto et
digitized at 1024 Hz onto the hard drive of a PC al., 1991; Clementz et al., 1987A P50 suppres-
using a 12-bit AD converter (+£2.5 V input sion percentage score was 'calculated(hs.{PSO
rangd and Snap-Master acquisition software amplitude to S¥/(PS0 amplitude to S9x100
(HEM Data Corp, Southfield, ML One channel ~ (Cadenhead et al., 20R0Larger positive numbers
of vertical EOG was recorded using electrodes ON this index correspond to decreased amplitude
placed above and below the left eye. The EOG Of the second click relative to the first click.
signal was amplified by a factor of 2500 and was Negative num.bers indicate P50 augmentation, i.e.
digitized alongside the EEG channels. Hardware he P50 amplitude to the second click was larger
filter settings for the EOG and EEG channels were than that to the first click.

0.1 Hz high-pass and 100 Hz low-pass.

Pairs of click stimuli were presented using 3. Resultsand discussion

stimulus presentation software from James Long

Company(Caroga Lake, NY. Clicks were 4 ms The P50 component of the MLR was clearly
in duration and were presented binaurally at 85 present in all but one of the participants, which is
dB SPL using EarTone EAR-3A insertable ear- consistent with other studies showing the high
phones. In line with commonly used parameters in detectability of this component in childho¢&on-
P50 suppression paradigm@Nagamoto et al., ton et al., 2000. The one exception was female
1991, click stimuli within a pair were separated and showed one major positive peak to S1 and S2
by an interval of 500 ms, with an interstimulus that fell between 40 and 50 ms, outside the
interval of 10 s. A total of 49 click pairs were specified latency range for the P50, and data from
presentedfor a task duration of approx. 8 min  this participant was excluded from analysis. Grand
while participants were viewing a silent cartoon average ERPs to the first and second clicks across
on a video monitor. the remaining 29 participants are shown in Fig. 1.
All EEG data processing and ERP analysis was Across all the participants, the mean latency of



138 PJ. Marshall et al. / International Journal of Psychophysiology 51 (2004) 135-141

57 P50
4 |
3 4
. 2
Amplitude S1
(HV) B
14 —82
20 40 60 8 100 120 140
-1
-2
Time (ms)
-3

Fig. 1. Grand average ERPs to the fit§&1) and secondS2) clicks (n=29).

the P50 to S1 was 62.2 mM$.D.=3.7 m9 and in some individuals in childhood and early adoles-
for S2 it was 63.4 m€S.D.=6.1 m9. The mean  cence. However, the interpretation of P50 augmen-
amplitude of the P50 was 6.83V (S.D.=2.73 tation has not been clearly addressed. In adults,
to S1 and 5.5quV (S.D.=2.73) to S2. A within- augmentation is more likely to occur at inter-click
subjects paired-test showed that there was signif- intervals longer than 500 m&olu et al., 2001
icant suppression of P50 amplitude to the second and when the second click has different physical
click (r (28)=2.25, p<0.05. A similar ttest properties compared to the firdiBoutros and
showed no significant change in P50 latency Belger, 1999. In addition, damage to dorsolateral
between the two clicks. prefrontal cortex has been associated with augmen-
Across the whole sample, the mean P50 sup- tation of the P50(Knight et al., 1999. It is
pression score was 10.2¢6.D.=52.7). The large possible that the relatively large percentage of
S.D. indicates a great deal of variability around participants showing P50 augmentation in the age
this mean. Of the 29 children, 19 showed P50 range studies may be related to variability in the
suppression to the second click, shown by sup- maturation of prefrontal systems that mediate sen-
pression scores greater than zero, and 10 showedsory gating. In addition, P50 augmentation may be
negative suppression values indicating P50 aug- associated with behavioral tendencies that were
mentation to the second click. The group showing not assessed in the current study, such as attention
P50 augmentation did not differ in age from those problems or distractibility.
children showing P50 suppression. Using fast stimulation rates, P50 amplitude has
P50 augmentation has been reported for a minor- been previously found to decrease sharply between
ity of both normal and psychiatric individuals in 10 and 11 years of agéPonton et al., 2000 In
adult studies(Cadenhead et al., 20D0Oand the the present study, there were no significant corre-
degree of variance of P50 suppression scores inlations for age with the amplitude of the P50 to
previous developmental studi€ésreedman et al., S1 (Pearsonr=—0.18, n.s) or with the latency
1987 also suggests that augmentation also occursof the P50 to S1(r=-0.02, n.s) or S2 (r=
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Fig. 2. Amplitude of the P50 to the second cli€®2) against agén=29).

—0.15, n.s). However, age was significantly neg-

subjects factor and social grougpwithdrawn,

atively correlated with amplitude of the P50 to S2 control, unselectedas the between-subjects factor
(r=-0.50,P<0.01; see Fig. 2 Given this age- revealed no significant main effect or interaction
related decrease in P50 amplitude to the secondinvolving social group. There were no differences
click, it would be expected there would be an between the social groups on the latency or ampli-
increase in P50 suppression over the age rangetude of the P50 to either click or on the P50
studied. However, there was only a trend towards suppression score. In addition, there was no ten-
statistical significance for the correlation of P50 dency for either social group to contain a dispro-

suppression with age across the entire sarfipte
0.32, P<0.10, n=29; see Fig. B although the
correlation was significant when the participants
who showed P50 augmentation were exclutied
0.48, P<0.05,n=19). Across the entire sample,

portionate number of participants who showed P50
augmentation.

The finding that P50 suppression score did not
differentiate between socially withdrawn children
and more outgoing children suggests that socially

the magnitude of P50 suppression scores remainedwithdrawn behavior in childhood is not associated
smaller than is commonly seen in adults, although with deficits in sensory gating at the level of the
the oldest participants showed suppression scoresP50. Further studies are required to understand the

that were similar to the mean levels of normal
non-psychiatric adults, i.e. approximately 60%
suppressior{Cadenhead et al., 20DOMyles-Wor-
sley et al. (1996 found adult levels of P50
suppression in a group of 10-14-year-olds,
although we only found adult levels in the upper
half of this age range.

A repeated-measures ANOVA for P50 ampli-
tude, with click (first and secongl as the within-

relation between P50 suppression and specific
behavioral tendencies in childhood. In particular,
the maturation of sensory gating may be related to
the development of prefrontal cortical functions
reflecting changes in executive and attentional
capacities, which were not assessed in the current
study. The involvement of frontal brain structures
in P50 suppression is suggested by the existence
of a secondary P50 generator in mid-frontal cortex
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Fig. 3. P50 suppression score against age 29).
(Weisser et al., 2001as well as findings from an cognitive control in children: evidence from fMRI. Neuron

33, 301-311.
Cadenhead, K.S., Light, G.A., Geyer, M.A., Braff, D.L., 2000.
Sensory gating deficits assessed by the P50 event-related

intracranial study showing that prefrontal areas are
involved in early sensory gating proces$&run-

wald et al., 2003 potential in subjects with schizotypal personality disorder.
Am. J. Psychiatry 157, 55-59.
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