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Abstract

Objective: Attention and learning problems have been reported in children diagnosed with subclinic hypothyroidism (SH). Sensory gating is an automatic
phenomenon that is related to attentional processes. It is known that an impairment in sensory/sensorimotor gating negatively affects the signal processing
mechanism and hence attention and learning processes. The aim of the present study was to evaluate the effect of SH on sensory gating processes via P50
suppression and prepulse inhibition (PPI) in children.

Methods: Fifteen children aged 8-16 years, diagnosed with SH, and 15 healthy children were included in the study. Auditory P50 suppression and PPI paradigms
were applied during the recordings. P50 suppression was examined via auditory brain potentials recorded by electroencephalography. PPl was evaluated via
electromyography, in which the blink reflex was recorded by oculomotor muscle activity.

Results: No statistical difference was found in P50 suppression and PPI processes between children in the SH and control groups. These findings indicate that
the sensory gating processes children with SH are not affected.

Conclusion: The findings of this study show that the sensory gating processes of SH children are not affected. However, considering that brain maturation
continues until the age of 20s, it may be more useful to scrutinize these processes with a wider age range and a larger number of participants to reveal more
clearly how sensory gating is affected by SH.

Keywords: Subclinical hypothyroidism, sensory gating, sensorimotor gating, P50, prepulse inhibition

Amac: Subklinik hipotiroidi (SH) tanisi almig olan cocuklarda dikkat ve 6grenme problemleri bildirilmistir. Duyusal perdeleme, dikkat stirecleriile iligkili otomatik
bir olgudur. Duyusal perdelemenin bozulmasi, sinyallerin islenme mekanizmasini ve dolayisiyla dikkat ve 6Grenme streclerini olumsuz etkiledigi bilinmektedir.
Bu calismanin amacl, SH'nin cocuklarin duyusal perdeleme stiregleri tzerindeki etkisini P50 baskilama ve prepulse inhibisyonu (PPI) ile dederlendirmektir.
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Yontem: SH tanisi alan 8-16 yas araliginda 15 cocuk hasta ve 15 saglikli cocuk calismaya alindi. Kayitlar sirasinda isitsel P50 baskilama ve PPI paradigmalari
uygulandi. P50 baskilama stirecleri, elektroensefalografi ile kaydedilen isitsel beyin potansiyelleri ile incelendi. PP ise, goz kirpma refleksinin okilomotor kas

aktivitesi ile kaydedildigi elektrookiilografi ile degerlendirildi.

Bulgular: SH ve kontrol grubunda bulunan cocuklarin P50 baskilama ve PPI stirecleri arasinda istatistiksel farklilik bulunmamistir. Bu bulgular, SH cocuklarin

duyusal perdeleme stireclerinin etkilenmemis oldugunu gostermektedir.

Sonug: Bu calismanin bulgulari, SH ¢ocuklarin duyusal perdeleme siireclerinin etkilenmemis oldugunu gostermektedir. Fakat, beynin olgunlasma stirecinin
20'li yaslara kadar devam ettigini géz 6ntine alarak, bu stireclerin cocuklarda SH'den nasil etkilendigini anlayabilmek icin daha genis yas aralijinda ve daha

bliylk sayida katilimer ile incelenmesi gereklidir.

Anahtar Kelimeler: Subklinik hipotroidi, duyusal kapilama, sensorimotor kapilama, P50, 6n uyaran aracili inhibisyon

Introduction

Primary hypothyroidism is characterized by low free
triilodothyronine (T3) and thyroxine (T4) levels and
increased thyroid-stimulating hormone (TSH) levels and
subclinical hypothyroidism (SH) is a metabolic disease
characterized by slightly elevated TSH levels and normal
T3 and T4 levels™?. Thyroid hormones are crucial in brain
maturation and normal brain functions throughout life and
have important effects on processes such as neurogenesis,
neuronal migration, myelination, and synaptogenesis in
the central nervous system®. Many studies point out that
thyroid dysfunctions cause cognitive impairment and mood
changes®®. How the cognitive functions are affected in SH
and whether hormone replacement therapy is necessary for
these patients are still controversial®™. Studies based on
neurocognitive function tests have shown that SH children
have attention problems®!?. Transient perinatal disruption
of thyroid functions revealed shortened attention span,
hyperactivity, restlessness, and tendency to panic easily"?.

There is scarce data on event related potential (ERP)
responses of hypothyroid patients™". Studies reveal that
auditory ERP P3 latency prolongation in both clinical and
subclinical hypothyroid cases, which indicates that cognitive
function is adversely affected in hypothyroidism and in
SH®1) |t has been shown that children with SH had lower
P3 amplitudes in comparison to the control group children,
which indicates that cognitive functions such as attention
and working memory are affected in SH®.

Sensory gating is the neurological filtering of unnecessary
ones among all environmental stimuli and prevents
an overload of high cortical regions of the brain with
irrelevant information“®29, Failure in filtering of the stimuli
may disrupt the signal processing mechanism, leading
to impairment of attention and learning processes"9?,

There are two measurement methods designed to evaluate
sensory gating processes: prepulse inhibition (PPI) of the
startle reflex and suppression ratio of P50 potential. PPI is
the startle reflex that occurs in response to a sudden and
strong stimulus is usually evaluated by electromyography
(EMG) recording of the orbicularis oculi muscle of the
blink. The magnitude of the blink response weakens when
a weaker stimulus (prepulse) is applied before the severe
stimulus that causes startle. Similar to PPI, P50 also reflects
the inhibitory effect of the first stimulus on the second
identical stimulus on electroencephalography (EEG) data.
PPl and P50 suppression have been shown to be disrupted
in various psychiatric disorders with cognitive and attention
impairments such as schizophrenia, bipolar disorder,
multiple complex developmental disorders, attention deficit,
and hyperactivity disorder'®?. Wada et al.*” reported that
they did not observe the effect of hypothyroidism on PPI, but
the startle reflexes of hypothyroid rats were high. Navarro et
al.”” showed an increase in PPl in proportion to the duration
of hypothyroidism exposure in rats and stated that neuronal
activity was decreased. As far as we know, there is no study
examining the effect of SH on sensory and sensorimotor
gating in human subjects. Children with SH have smaller
P1-N1 and N1-P2 peak-to-peak amplitudes compared to
controls™. Because the N1 and P2 evoked by auditory
stimuli are related to filter mechanisms in triggering and
allocation of attention, we presumed that the sensory gating
processes may also be affected in children with SH®27, To
study the sensory gating processes, we evaluated P50 and
PPI responses in children with SH.

Materials and Methods

Participants

Fifteen children who were admitted to our pediatric
endocrinology clinic and diagnosed with SH were included
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in the study. The TSH level of these patients ranged between
5.23-16.37 mIU/L (mean: 8.70+3.63 mlU/L). SH was defined
on the basis of elevated serum TSH levels (TSH, 4.94-20
mlU/L) and serum fT4 levels within the normal range®.
These levels were confirmed with a second measurement
4-6 weeks later. The control group consisted of 15 healthy
children. Children with any systemic disease, neurological,
psychiatric disorder, or hearing impairment, and those with
metabolic condition having an effect on cognition, or those
taking medications/iodine-containing drugs and medication
that affect the cognitive processes were excluded in both the
SH and the control groups. Additionally, the first-degree
relatives were questioned for any cognitive impairment
and /or psychotic disorders. None of the participants had a
history of cognitive or psychiatric disorders, in first-degree
relatives. The children in the study showed normal academic
performance at school. The research was conducted with
the permission of the Izmir Katip Celebi University Clinical
Research Ethics Committee (21.11.2013, approval number:
173). The parents of the children signed the written informed
consent and received a copy of it.

Auditory Stimuli

ALl auditory stimuli were presented binaurally through
stereo insert earphones (Koss Ruk30). The stimuli were
calibrated by using a digital sound-level meter. Each subject
was seated upright in a chair in an isolated room.

PPI Paradigm and Recordings

The prepulse and startle stimuli were bursts of white noise
(duration 25 ms and 30 ms, intensity 87 dB and 107 dB,
respectively), with an interstimulus interval of 120 ms. The
PPI session consisted of a block of 24 randomized trials: 12
startle eliciting stimuli preceded by a prepulse stimulus and
12 without. The intertrial intervals were randomized between
12-23s"9, Muscle contraction of the lower orbicularis muscles
was measured from the right eye for the startle reflex. The
EMG bipolar "raw"” signal (gotten by subtracting the signal
of the electrode below the pupil from the one placed on the
outer edge of the eye) was recorded with Ag/AgCl electrodes
using a Brain Vision Recorder (Brainproducts, Munich,
Germany). EMG was digitized at 2500 Hz sampling rate with
10-1000 Hz band pass filter.

P50 Suppression Paradigm and Recordings

A block consisting of 36 click pairs with an interstimulus
interval of 500 ms and an intertrial interval of 10s was
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presented. The clicks were 1.5 ms bursts of white noise with
an intensity of 86 dB“. The first stimulus in the click pairs
is the conditioning, and the second is the test stimulus.
P50 recordings were conducted by means of a BrainAmp
32-channel system (BrainProducts). The participant's
electrical brain activity was recorded with 30 Ag/AgCl
electrodes mounted in an elastic cap according to the
International 10-20 electrode placement system. The EEG
channels were referenced by two electrodes attached to the
earlobe (A1+A2). The ground electrode was designated as
FCz. Electrode impedances were less than 10 kQ. EEG was
digitized at 1000 Hz/sec sampling rate with 0.1-70 Hz band
pass filter. A 50 Hz notch filter was also applied.

Data Analysis

Assessment of PPI

EMG data were processed using a BrainVision Analyser
(Brainproducts, Munich, Germany) and filtered offline with
a high-pass filter of 30 Hz and a low-pass filter of 200 Hz.
Epochs between 50 ms prestimulus and 200 ms poststimulus
were extracted from the continuous data. The baseline
was corrected using the 50 ms prestimulus data. The data
were rectified and the maximum peak amplitude within a
window of 20-90 ms after stimulus onset was measured.
PPl was computed as the percentage reduction of the startle
amplitude for prepulse-pulse trials, compared to the pulse
alone trials [PPI=100x (1- pp/p)], where pp indicates the
amplitude of prepulse trials and p indicates the amplitude
of pulse alone trials.

Assessment of P50

EEG data were analyzed a BrainVision Analyser (Brainproducts,
Munich, Germany) and filtered offline with a band-pass
filter between 1.6 Hz and 70 Hz. Epochs between 100 ms
prestimulus and 400 ms poststimulus were extracted from
the continuous data. The baseline was corrected using the
100 ms prestimulus data. Epochs contaminated by eye or
other artifacts were manually rejected off-line. Segments
were averaged, and separate average event -related
potential waveforms were obtained for the conditioning and
test stimuli. The P50 waves were identified and scored from
the Cz electrode. The greatest positivity, appearing within
the range of 40-90 ms after the conditioning stimulus,
was evaluated as P50. The amplitude was assessed as the
difference between this positivity and the preceding trough,
and the latency was assessed as the time from the onset of
the conditioning stimulus to the maximum amplitude of this
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positive peak. The P50 peak obtained by the test stimulus
was also evaluated accordingly.

P50 suppression was computed as the percentage reduction
of the response amplitude for conditioning stimuli, compared
to the test stimuli [P50 suppression=100x (1- T/C)], where T
indicates the amplitude of the Test stimulus and C indicates
the amplitude of the conditioning stimulus.

Statistical Analysis

The SPSS 15.00 (Leadtools, USA) program was used for
the statistical analysis of data. The Normality of the data
distribution was tested using the Kolmogorov-Smirnov test.
Paired and independent samples t-tests were applied to data
with a normal distribution. Findings with a p value less than
0.05 were accepted to be statistically significant.

Results

The age of the subjects was comparable among SH (12.7+2.7;
9 female) and control group (13.0+2.5; 10 female). The TSH
was significantly higher in SH children (7.42+3.63 mlU/L)
compared to controls (1.49+0.42 mlU/L) [t(25) =-5.838,
p=0.001]. FT4 levels of SH (16.05+1.92 pmol/L) and control
group (15.65+1.93 pmol/L) were in normal range and there
was no statistical difference between groups.

Prepulse Inhibition Paradigm

Theamplitude (uV) andlatency (ms) values of EMGresponses
of pulse alone and prepulse-pulse trials obtained from SH
and control group children were measured (Table 1). Data
of four patients and four control subjects were rejected
because of no distinct startle reaction was elicited. Higher
EMG responses were observed in the pulse alone trials
compared to prepulse trials in both groups (Figure 1). There
was a significant difference in the amplitudes of pulse alone
trials (M=10.69, SD=5.92) and prepulse trials (M=5.71, SD=
2.93); t(10)=4.00, p=0.003 in the control subjects. Similarly,
in the SH group, a significant difference was found between
the amplitudes of pulse alone trials (M=10.06, SD=6.85)

and prepulse trials (M=2.97, SD=1.48); t(11)=3.95, p=0.002.
No significant difference was found between the latencies
of pulse alone and prepulse trials in neither the control
group nor the SH group. Neither a significant difference in
amplitudes of pulse alone trials nor prepulse trials between
the control and SH groups was found, indicating that both
groups demonstrated similar amplitudes to pulse alone as
well as to prepulse-pulse trials. Furthermore, no significant
difference in PPl was found between the groups.

P50 Suppression Paradigm

The amplitude (uV) and latency (ms) values of P50
responses for conditioning and test stimuli obtained from
SH and control group children were measured (Table 1).
There was a remarkable difference in the P50 responses to
test and conditioning stimuli in both groups (Figure 2). The
amplitude of the testing stimuli was reduced compared to
the amplitude of conditioning stimuli. There was a significant
difference in the amplitudes of test stimuli (M=2.23, SD=1.24)
and conditioning stimuli (M=3.92, SD= 1.61); t(13)=5.73,
p=0.001 in the control subjects. Similarly, in the SH group,
a significant difference was found between the amplitudes of
the test (M=2.62, SD=1.94) and conditioning stimuli (M=3.78,
SD=2.17); t(13)=5.11, p=0.001. Independent sample test
revealed that the amplitudes elicited by conditioning stimuli
and test stimuli did not differ significantly between the SH
and control groups. Accordingly, no significant difference in
P50 suppression was found between the groups.

Discussion

The current study was designed to investigate sensory
and sensorimotor gating in children with SH and healthy
controls. Since attentional deficiencies in children with
SH have been detected, the question was whether it is
preattentive filter mechanisms (sensory gating) that cause
the impairment in attention@®2¥? However, neither a
significant difference for PPl nor for P50 suppression
was found between the groups. It was shown that there

Table 1. PPl and P50 suppression values of children with SH and control groups

Group | PPI P50
% PA PP % C T
Amp (uV) | Lat (ms) Amp (uV) | Lat (ms) (AUT/;J Lat (ms) Amp (uV) | Lat (ms)
SH 54.42+425.33 |10.06+6.85 | 83.37+7.79 |2.97+1.48 | 93.00+6.95 |31.41+21.36 |3.78+2.17 | 65.14+11.63 | 2.62+1.94 | 66.00+11.18
Control | 41.53+14.82 | 10.69+5.92 | 93.43+12.42 | 5.71+2.93 | 98.14+13.72 | 42.95+20.92 | 3.92+1.61 | 57.21+10.16 | 2.23+1.24 | 54.86+10.18

PA: Pulse alone trials, PP: Prepulse-pulse trials, C: Response to the conditioning stimulus, T: Response to testing stimulus, Amp: Amplitude, Lat: Latency, SH: Subclinic

hypothyroidism, PPI: Prepulse inhibition
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were outstanding differences in terms of auditory
evoked responses during attentive (N1, P2, P3) phases of
information processing between the children in the SH and
control groups™. It is stated that the lower P3 amplitudes
in comparison to the control group children indicate that
cognitive functions such as attention and working memory
are affected in children with SH. Besides, the smaller P1-
N1 and N1-P2 peak-to-peak amplitudes found in children
with SH were considered to imply impairments in attention
triggering and orienting"®. Since, these attentive phases of
information processing are affected by SH in children, we
intended to study the preattentive processing by using P50
suppression and PPI. These two processes are controlled
by different neural mechanisms. Although both paradigms
measure the filtering of incoming information, they are
based on different physiological events: P50 suppression is
measured by EEG, while PPl is measured by EMG. PPI of the
startle reflex is controlled by the brain structures at, and
below the mesencephalon®39. |t has been stated by many
research that the superior temporal gyrus, hippocampus,
dorsolateral prefrontal cortex, and thalamus contributed to
the generation of P50 and suppression of P50, To study
the probable impairments in these neural mechanisms, we
assessed both paradigms. To our knowledge, there is no
study investigating the effect of thyroid functions on P50.
Our findings indicate that SH children showed normal P50
suppression. There was a remarkable difference in P50
responses to test and conditioning stimuli in both groups,
but no difference in P50 suppression was found between
the groups. While speculative, it could be inferred that the
brain areas at the pre-attentive processing level may not

PPl Responses

= Prepulse
= Pulse Alone

Figure 1. Grandaverage PPI responses of children with SH
and control groups are presented. Shown on the horizontal
axis is the 50 ms prestimulus and 200 ms post stimulus
interval. Pulse alone is depicted in black and prepulse-
pulse is depicted in red

SH: Subclinic hypothyroidism, PPI: Prepulse inhibition
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be affected in SH children. While N1-P2 responses were
weakened", the P50 responses were found to be unaffected
in SH children in this study. These findings suggest that
these brain potentials are revealed by different underlying
mechanisms. Thyroid hormone modulation can alter crucial
brain neurotransmitter systems®-3", It has been shown that
hypothyroid states lead to decreased dopamine function,
which plays a key role in PPI®®3, The findings of several
studies have indicated that neonatal hypothyroid rats
showed a significant decrease in PPI®822) Furthermore,
Uziel et al.“® showed structural abnormalities in the
cochlea and organ of corti in hypothyroid rats. Therefore, it
is concluded that, mild chronic hypothyroidism may cause
irreversible loss in the auditory system“#) The findings
of this study indicated that children in the SH and control
groups demonstrated similar amplitudes to pulse alone as
well as to prepulse-pulse trials. Statisticaly, no significant
difference in PPl was found between the groups. The
present study indicates that SH has no effect on sensory
gating processes in children. Nevertheless, deficiency in
gating processes may be a developmental abnormality that
increases in years and is minor in childhood“?. Structural
MRI studies and analysis of brain electrical activity indicate
that the human brain does not reach its mature state until
the late teens or mid-20s“**4. Moreover, brain maturation
is likely to be influenced by genetic, hormonal, and
environmental factors“-#", Therefore, studies with larger

P50 Responses

Test

—  Conditioning

Control

Figure 2. Grandaverage P50 responses of children with SH
and control groups are presented. Shown on the horizontal
axis is the 100 ms prestimulus and 400 ms post stimulus
interval. Conditioning stimuli and test stimuli are depicted
in black and red respectively

SH: Subclinic hypothyroidism
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age variability and possibly longitudinal studies should be
planned to investigate whether these impairments develop
later in the disease.

Study Limitations

Although the number of participants and trials are consistent
with the literature@%4® the relatively small number of
participants is a possible limitation of the current study.
Also, it would be valuable to determine how the cognitive
processes are affected by the level of TSH by setting the TSH
level between 5-10 plU/L and above 10 plU/L groups.

Conclusion

Consequently, children with SH showed no deficits in filtering
of auditory information in this study. However, between
groups studies comprising a larger age range as well and
longitudinal studies are needed to assess the effect of SH on
sensory gating mechanisms.

Ethics

Ethics Committee Approval: The research was conducted
with the permission of the izmir Katip Celebi University
Clinical Research Ethics Committee (21.11.2013, approval
number: 173).

Informed Consent: The parents of the children signed the
written informed consent and received a copy of it.

Peer-review: Externally peer-reviewed.

Authorship Contributions

Surgical and Medical Practices: N.0.D., G.C., P.G., B.N.D,,
Concept: S.K.A, N.O.D., U.E, N.E.E,, T.O.B., M.CK,, G.C., B.N.D,,
Design: S.K.A.,, N.O.D,, U.E,, N.EEE.,, TO.B,, G.C., B.N.D., Data
Collection or Processing: S.K.A., U.E,, N.E.E,, TO.B.,, M.CK,,
G.C., PG, B.N.D., Analysis or Interpretation: S.K.A.,, N.E.E,,
M.CK. G.C., PG, B.N.D,, Literature Search: S.K.A., N.O.D,,
Writing: S.K.A,, N.O.D.,, U.E, N.E.E,, TO.B, M.CK, G.C, PG,
B.N.D.

Conflict of Interest: No conflict of interest was declared by
the authors.

Financial Disclosure: This work is supported by IKCU BAP
Project No: 2013-3-TSBP-12.

References

1. Cardenas-lbarra L, Villarreal-Pérez JZ, Vazquez-Garcia AA:Cognitive
function in elderly with subclinical hypothyroidism. In Springer D,
(editor). Hypothyroidism - Influences and Treatments. Rijeka, InTech.
2012 p.335-348. https://books.google.com.tr/books?id=-eGdDwAAQBA)J
&lpg=PA33580ts=rCoWsrcC0J8dq=1.%09C%C3%Alrdenas-Ibarra%20

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

L%2C%20Villarreal-P%C3%A9rez%20JZ%2C%20V%C3%Alzquez-
Garc%C3%ADa%20AA%20%3ACognitive%20function%20in%20
elderly%20with%20subclinical%20hypothyroidism.%20In%20
Springer%20D%2C%20(editor).%20Hypothyroidism%20-%20
Influences%20and%20Treatments.%20Rijeka%2C%20InTech.%3B%20
2012.%20p.335-3488&Lr&hl=tr8&pg=PA335#v=0nepage8qd&f=false.

Aijaz NJ, Flaherty EM, Preston T, Bracken SS, Lane AH, Wilson TA.
Neurocognitive function in children with compensated hypothyroidism:
lack of short term effects on or off thyroxin. BMC Endocr Disord 2006;6:2.

Berbel P, Ausé E, Garcia-Velasco JV, Molina ML, Camacho M. Role of
thyroid hormones in the maturation and organisation of rat barrel
cortex. Neuroscience 2001;107:383-94.

Kapoor R, Fanibunda SE, Desouza LA, Guha SK, Vaidya VA. Perspectives
on thyroid hormone action in adult neurogenesis. J Neurochem
2015;133:599-616.

Yuan L, Tian Y, Zhang F, et al. Decision-Making in Patients
with  Hyperthyroidism: A Neuropsychological Study. PLoS One
2015;10:e0129773.

Zhang W, Song L, Yin X, et al. Grey matter abnormalities in untreated
hyperthyroidism: a voxel-based morphometry study using the DARTEL
approach. Eur J Radiol 2014,83:e43-8.

Samuels MH. Cognitive function in subclinical hypothyroidism. J Clin
Endocrinol Metab 2010;95:3611-3.

Gan EH, Pearce SH. Clinical review: The thyroid in mind: cognitive
function and low thyrotropin in older people. J Clin Endocrinol Metab
2012;97:3438-49.

Guldiken B, Glldiken S, Taskiran B, Peynirci H, Turgut N, Tugrul A.
Subklinik hipotiroidizmde bilissel islevlerin olay iliskili potansiyeller ile
degerlendirilmesi. Noéropsikiyatri Arsivi 2008;45:69-71.

Zhu DF, Wang ZX, Zhang DR, et al. fMRI revealed neural substrate for
reversible working memory dysfunction in subclinical hypothyroidism.
Brain 2006;129:2923-30.

Wijsman LW, de Craen AJ, Trompet S, et al. Subclinical thyroid
dysfunction and cognitive decline in old age. PLoS One 2013;8:€59199.

Erglir AT, Taner Y, Ata E, Melek E, Bakar EE, Sancak T. Neurocognitive
functions in children and adolescents with subclinical hypothyroidism.
J Clin Res Pediatr Endocrinol 2012;4:21-4.

Negishi T, Kawasaki K, Sekiguchi S, et al. Attention-deficit and
hyperactive neurobehavioural characteristics induced by perinatal
hypothyroidism in rats. Behav Brain Res 2005;159:323-31.

Kocaaslan Atli S, Olgag Dundar N, Bayazit O, et al. Auditory event-related
potentials demonstrate early cognitive impairment in children with
subclinical hypothyroidism. J Pediatr Endocrinol Metab 2019;32:689-97.

Paladugu S, Hanmayyagari BR, Kudugunti N, Reddy R, Sahay R, Ramesh
J. Improvement in subclinical cognitive dysfunction with thyroxine
therapy in hypothyroidism: A study from tertiary care center. Indian J
Endocrinol Metab 2015;19:829-33.

Tatdncd NB, Karatas M, Sozay S. Prolonged P300 latency in thyroid
failure: a paradox. P300 latency recovers later in mild hypothyroidism
than in severe hypothyroidism. Thyroid 2004;14:622-7.

Sangin 0O, Demirci S, Diindar N, et al. The Effects of Six-Month
L-Thyroxine Treatment on Cognitive Functions and Event-Related Brain
Potentials in Children with Subclinical Hypothyroidism. J Clin Res
Pediatr Endocrinol 2015;7:102-8.

Wan L, Friedman BH, Boutros NN, Crawford HJ. P50 sensory gating and
attentional performance. Int J Psychophysiol 2008;67:91-100.

Oranje B, Lahuis B, van Engeland H, Jan van der Gaag R, Kemner C.
Sensory and sensorimotor gating in children with multiple complex
developmental disorders (MCDD) and autism. Psychiatry Res
2013,;206:287-92.

31



J Tepecik Educ Res Hosp 2023;33(1):26-32

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

32

Holstein DH, Vollenweider FX, Geyer MA, Csomor PA, Belser N, Eich D.
Sensory and sensorimotor gating in adult attention-deficit/hyperactivity
disorder (ADHD). Psychiatry Res 2013;205:117-26.

Swann AC, Lijffijt M, Lane SD, et al. Pre-attentive information processing
and impulsivity in bipolar disorder. J Psychiatr Res 2013;47:1917-24.

Feifel D, Minassian A, Perry W. Prepulse inhibition of startle in adults
with ADHD. J Psychiatr Res 2009;43:484-9.

Brockhaus-Dumke A, Mueller R, Faigle U, Klosterkoetter J. Sensory
gating revisited: relation between brain oscillations and auditory evoked
potentials in schizophrenia. Schizophr Res 2008;99:238-49.

Wada H, Yumoto S, Iso H. Irreversible damage to auditory system
functions caused by perinatal hypothyroidism in rats. Neurotoxicol
Teratol 2013;37:18-22.

Navarro D, Alvarado M, Navarrete F, et al. Gestational and early
postnatal hypothyroidism alters VGLuT1 and VGAT bouton distribution in
the neocortex and hippocampus, and behavior in rats. Front Neuroanat
2015;9:9.

Nddtanen R, Picton T. The N1 wave of the human electric and magnetic
response to sound: a review and an analysis of the component structure.
Psychophysiology 1987,24:375-425.

Lijffijt M, Lane SD, Meier SL, et al. P50, N100, and P200 sensory
gating: relationships with behavioral inhibition, attention, and working
memory. Psychophysiology 2009;46:1059-68.

Catli G, Kir M, Anik A, Yilmaz N, Bober E, Abaci A. The effect of
L-thyroxine treatment on left ventricular functions in children with
subclinical hypothyroidism. Arch Dis Child 2015;100:130-7.

Oranje B, Geyer MA, Bocker KB, Leon Kenemans J, Verbaten MN.
Prepulse inhibition and P50 suppression: commonalities and
dissociations. Psychiatry Res 2006;143:147-58.

Davis M, Gendelman DS, Tischler MD, Gendelman PM. A primary
acoustic startle circuit: lesion and stimulation studies. J Neurosci
1982;2:791-805.

Williams TJ, Nuechterlein KH, Subotnik KL, Yee CM. Distinct neural
generators of sensory gating in schizophrenia. Psychophysiology
2011;48:470-8.

Korzyukov O, Pflieger ME, Wagner M, et al. Generators of the intracranial
P50 response in auditory sensory gating. Neuroimage 2007;35:814-26.

Ahmed OM, El-Gareib AW, ELl-Bakry AM, Abd El-Tawab SM, Ahmed RG.
Thyroid hormones states and brain development interactions. Int J Dev
Neurosci 2008;26:147-209.

Bauer M, Heinz A, Whybrow PC. Thyroid hormones, serotonin and
mood: of synergy and significance in the adult brain. Mol Psychiatry
2002;7:140-56.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Wiens SC, Trudeau VL. Thyroid hormone and gamma-aminobutyric acid
(GABA) interactions in neuroendocrine systems. Comp Biochem Physiol
A Mol Integr Physiol 2006;144:332-44.

Mendes-de-Aguiar CB, Alchini R, Decker H, Alvarez-Silva M, Tasca Cl,
Trentin AG. Thyroid hormone increases astrocytic glutamate uptake and
protects astrocytes and neurons against glutamate toxicity. J Neurosci
Res 2008;86:3117-25.

Santos NC, Costa P, Ruano D, et al. Revisiting thyroid hormones in
schizophrenia. J Thyroid Res 2012;2012:569147.

Afarinesh MR, Shafiei F, Sabzalizadeh M, et al. Effect of mild and chronic
neonatal hypothyroidism on sensory information processing in a rodent
model: A behavioral and electrophysiological study. Brain Res Bull
2020;155:29-36.

Lehner MH, Karas-Ruszczyk K, Zakrzewska A, et al. Chronic stress
changes prepulse inhibition after amphetamine challenge: the role of
the dopaminergic system. J Physiol Pharmacol 2018;69:475-87.

Uziel A, Gabrion J, Ohresser M, Legrand C. Effects of hypothyroidism
on the structural development of the organ of Corti in the rat. Acta
Otolaryngol 1981;92:469-80.

Uziel A, Legrand C, Rabie A. Corrective effects of thyroxine on cochlear
abnormalities induced by congenital hypothyroidism in the rat. I.
Morphological study. Brain Res 1985;351:111-22.

Braff DL, Geyer MA, Swerdlow NR. Human studies of prepulse inhibition
of startle: normal subjects, patient groups, and pharmacological
studies. Psychopharmacology (Berl) 2001;156:234-58.

Morita T, Asada M, Naito E. Contribution of Neuroimaging Studies to
Understanding Development of Human Cognitive Brain Functions.
Front Hum Neurosci 2016;10:464.

Gilmore JH, Knickmeyer RC, Gao W. Imaging structural and functional
brain development in early childhood. Nat Rev Neurosci 2018;19:123-37.

Douet V, Chang L, Cloak C, Ernst T. Genetic influences on brain
developmental trajectories on neuroimaging studies: from infancy to
young adulthood. Brain Imaging Behav 2014;8:234-50.

Arain M, Haque M, Johal L, et al. Maturation of the adolescent brain.
Neuropsychiatr Dis Treat 2013;9:449-61.

Julvez J, Paus T, Bellinger D, et al. Environment and Brain Development:
Challenges in the Global Context. Neuroepidemiology 2016,46:79-82.

Perry W, Minassian A, Lopez B, Maron L, Lincoln A. Sensorimotor gating
deficits in adults with autism. Biol Psychiatry 2007;61:482-6.





