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Abstract: Background: Hypospadias is a common uro-
genital system disorder. The frenulum, which is the most 
sensitive area of the glans penis, is not present in patients 
with hypospadias. This may lead to a failure in sexual 
and ejaculatory function, and cause emotional problems 
affecting cognitive processes. 
Aim: We aimed to study auditory Event Related Potentials 
(ERP) in patients with hypospadias to understand the 
status of cognitive function.
Materials and Methods: Seventeen patients with hypo-
spadias who presented to the Urology Outpatient Clinic 
of Çanakkale Military Hospital, and 11 healthy individu-
als of similar age were chosen. The auditory oddball par-
adigm with ERP from the Cz and Fz head regions were 
studied. The latency and amplitude of the P300 wave were 
measured.
Results: Both, the study and control groups consisted of 
young males. Although the study group had a longer P300 
latency and lower P300 amplitude when compared to 
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Is cognitive processing affected in adults with 
hypospadias?: P300 study

1  Introduction
Hypospadias is a congenital abnormality which affects 
at least 1 in 300 newborn boys [1]. It is one of the most 
common urogenital system disorders, and causes several 
cosmetic and functional problems [1,2]. Male teenag-
ers with hypospadias have behavioral problems, weaker 
social relationships, and worse academic success when 
compared to healthy ones [3]. Hypospadias results in 
similar emotional problems in adult males. Penile defor-
mity is the main cause of emotional stress. As a result 
of this stress, 40% of patients show differences in social 
behavior, for example, refraining from the use of public 
toilets [2,3]. A prior study has shown that 24% of males 
with hypospadias had problems with erections and 13% 
of them had difficulty with ejaculation [3].

Event Related Potentials (ERP), occur only when the 
subject is selectively attentive to the stimulus. Thus, ERPs 
have gained in popularity in the clinical arena as a tool 
for assessing cognitive function [4,5]. The most frequently 
tested ERP responses are the N200 and P300 responses. 
The anatomic locations of both have not yet been deter-
mined, but they are thought to arise from different struc-
tures in the brain [6]. In addition, it is thought that the 
N200 is important for noticing and classifying an impulse 
[6,7]. Even though a variety of parameters have been 
recorded, the main discriminating factor in the assessment 

control group, the results were not statistically significant 
(p: 0.059 and 0.346 respectively). 
Conclusion: Although the results are not statistically sig-
nificant, our findings indicate that there may be cognitive 
changes in patients with hypospadias. Further studies of 
larger sample size and older patient cohorts are needed. 
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of P300 is the fact that latency increases 2.85 ms per year 
after age 60 [8]. The P300 test is elicited by infrequent, 
task-relevant stimuli, which is thought to reflect processes 
involved in the evaluation and categorization of a stimu-
lus. The presence, magnitude, topography, and timing of 
this signal is often used as a metric of cognitive function 
in decision-making processes. A lower P300 amplitude is 
used to estimate behavioral disorders in young patients, 

female patients with sexual disorders and to perform a 
libido assessment in both sexes [9-11].

We think that psycho-sexual problems beginning in 
childhood in patients with hypospadias could also affect 
cognitive development. A PubMed-based screening for 
neurophysiologic studies investigating cognitive develop-
ment in patients with hypospadias was done, but none 
were found. With this study, our aim was to investigate 
whether ERP alterations exist in adults with hypospadias 
when compared to a normal control group. This would 
permit the determination of whether there is an effect of 
hypospadias on cognitive development.

2  Materials and methods
Seventeen patients with hypospadias, without other 
urogenital abnormalities who presented to the Urology 
Outpatient Clinic of Çanakkale Military Hospital, and 11 
healthy males at similar age forming the control group, 
were studied. Patients who had disorders that could 
affect cognitive function such as mental disorders, 
unstable body temperature, the use of medications that 
could affect ERP responses were removed from the study. 
Recordings were made while the subject was lying on a 
bed in an isolated room. Before starting the recording 
all subjects were clearly informed about the procedure. 
We used the auditory “oddball 2 tone distinction assign-
ments” method, where low and high frequency tones were 
given in two second intervals at 80 dB HL with a duration 
of 50 msc to both ears. All the subjects were asked to count 
the high frequency (2000 Hz) tones, which were given ran-
domly between 1000 Hz low frequency tones. The ratio of 
high frequency notes was 20%. The subjects who hadn’t 
managed to determine the target sounds (2000 Hz notes) 
more than three times were taken to the test again. The 
ones who couldn’t manage to improve their performance 
were not included to the study.

We used silver disc electrodes for the recordings. Cz 
and Fz positions were used for the active electrodes and 
mastoid protuberances were used for the reference elec-
trodes, while the ground was placed on Fpz. Neuropack 

MEB-9200 (Nihon Kohden- Japan) was used for the study. 
We took the average of twenty traces and repeated the test 
until two similar traces were obtained. After averaging the 
P300 responses for the infrequent 2000 Hz stimulus, the 
latencies and the peak to peak amplitudes of the P300 
waves were calculated. The Mann-Whitney U test was 
used for the statistical analyses.

All subjects signed their written informed consent 
before the study, which was conducted in accordance 
with the Declaration of Helsinki. The local Medical 
Ethical Committee of Çanakkale Onsekiz Mart University 
approved the study in 2009.

3  Statistics
The data acquired from the study was analyzed by SPSS® 
15.0 statistics program. The median values are shown as 
minimum and maximum for each group. Mann Whitney-U 
test was applied for the analysis of the non-parametric 
variables. All the data are shown in 95% confidence inter-
val by accepting statistically significant p value as 0.05 or 
below.

4  Results
Age and educational background were similar in both 
groups (p>0.05). The study group (Figure 1) had a longer 
P300 latency and lower P300 amplitude when compared 
with the control group (Figure 2), whereas the results were 
not statistically significant (p: 0.059 and 0.346 respec-
tively) (Table 1).

5  Discussion
This presented study is the first study on auditory ERP in 
patients with hypospadias. Although the results were not 
statistically significant, we found that the study group 
had a longer P300 latency and lower P300 amplitude 
when compared with the control group. A small sample 
size and young patient population may account for the 
lack of statistical significance. The longer latencies and 
lower amplitude of P300, suggest that the disease may 
effect these cognitive processes.

Karademir et al., have shown that psycho-sexual 
disorders in these patients is not due to the physical 
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deformity, but it is a result of the psychological stress due 
to that deformity, which may lead to anxiety, aggression 
and nervous behavior, as well as inability to discuss the 
emotional issues associated with the disorder [2,3]. In 
adults, the presence of hypospadias or its correction can 
cause serious emotional problems. We aimed to detect 
the effect of hypospadias on cognitive development using 
ERP, which is now widely being used to investigate these 
processes.

According to the recent publications, P300 is found to 
be related with the attention and working memory by the 
serial and parallel activation of multiple neocortical and 
limbic regions [12]. Studies have also shown that various 
neurobehavioral syndromes are related with alterations 
of ERP [4]. It is suggested that the latency of P300 mea-
sures the stimulus evaluation time, which also involves 
central nervous system, and the amplitude shows the 
allocation of neural resources, the efficiency of cognitive 
processing, the certainty of decision-making, and target 
probability [13].

ERPs have been studied to better understand their role 
in determining cognitive processing in neurologic, psychi-
atric and systemic disease processes. Although there are 

several studies on evoked potentials in adults with sexual 
dysfunction, very few studies have been performed on 
auditory ERP [10,11,14].

Ozcan et al. investigated the cognitive processes in 
premature ejaculation (PE) by using the auditory ERP [14]. 

They found that the latencies of the N200 and the P300 
in patients with premature ejaculation (PE) were signifi-
cantly longer than the controls, whereas the comparison 
of the amplitudes revealed no significant difference. The 
results can be commented as there is an increased dura-
tion of the evaluation and the categorization of sensory 
stimuli in the central nervous system, but there is no 
change in the quality of cognitive processing. In our study, 
we also found that the P300 latency was longer and ampli-
tudes were smaller in the study group.

Vardi et al. reported that ERP is not only useful in 
the diagnosis of libido and psychological sexual dys-
function, but can also be used to evaluate the treatment 
progress [10,11].

On the other hand, there are syndromes with hypospa-
dias and agenesis, hypogenesis, hypoplasia of corpus cal-
losum [15-17]. The possible effects of the corpus callosum 
to ERP have been studied by Polich and Hoffman in 1998 

Figure 1: P300 response of a patient with a longer latency and a 
lower amplitude

Figure 2: P300 response of a healthy male

Table 1: Comparison of demographics and P300 amplitude and latencies in both groups

  Patient n=17 Control n=11

Non-Parametric Median (min-max) Median (min-max) p*

P300 latency (ms) 321.6 (305.6-332.5) 312.4 (298.3-325.4) 0.059

P300 amplitude (μV) 10.1 (6.1-21.3) 10.8 (8.0-23.6) 0.346

Year in education 8,0 (3,0-15,0) 8,0 (3,0-15,0) 0.723
Age 23.5 (19-28) 24.5 (20-30) 0.465

* Mann-Whitney U, n = Sample size, min = minimum, max = maximum
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and 1999 [18,19]. Their findings suggest that P300 reflects 
callosal size and interhemispheric transmission efficacy.

The limitations of our study include young patient 
population and small sample size. One bias in our study 
is that we did not investigate patients for any corpus cal-
losum abnormality, and/ or any syndrome with hypo-
spadias and a corpus callosum abnormality. Because of 
this, the effect of a corpus callosum abnormality on P300 
latencies is not known. The ERP components of patients 
with hypospadias may be affected due to the minimal 
corpus callosum defects they may have had. The hypo-
thalamus, which is known to have a role in the response 
to sexual impulses, may play a role in the relationship 
between hypospadias and cognitive function [20]. Future 
studies on investigating cases with hypospadias without 
other urogenital abnormalities with ERP and volumetric 
examinations of corpus callosum will contribute to an 
improved evaluation of the cognitive processes accompa-
nying hypospadias.

6  Conclusion
Cognitive function is important in the academic and 
professional success of the people, because of that, it is 
important to show the effects of frequent abnormalities 
on cognition, such as hypospadias, to take precautions as 
early as possible. Even though there is no statistical sig-
nificance in the results, the longer latency and the lower 
amplitude of the P300 in the patient group may be an 
indication of a negative effect of hypospadias on cognitive 
function. Further studies with a larger sample size, com-
parison of the P300 values in patients with hypospadias 
before and after surgical intervention are needed to be 
done, in order to assess the effect of hypospadias on cog-
nitive function better.

Acknowledgements: The authors report no conflict of 
interest. This study does not involve any financial support 
or grant.

Conflict of interests: All the authors have no conflicts of 
interest regarding this submission.

References
[1] Dodds PR, Batter SJ, Shield DE, Serels SR, Garafalo FA, Maloney 

PK. Adaptation of adults to uncorrected hypospadias; Urology 
2008; 71: 682-685

[2] Karademir K, Akyol İ, Adayener C. Effects of hypospadias on 
psychosexual functions. Bulletin of Andrology 2006 December; 
p308–310 (Turkish)

[3] Hunt N, McHale S. Psychosocial aspects of andrologic disease. 
Endocrinol Metab Clin N Am 2007; 36:521–531

[4] Oken B. Endogenous event-related potentials, in Chiappa KH 
(Ed): Evoked Potentials in Clinical Medicine. Philadelphia, 
Lippincott-Raven, 1987, pp 529–563

[5] Goodin DS. Event related (endogenous) potentials. In: Aminoff 
MJ editors. Electrodiagnosis in Clinical Neurology. New York: 
Churchill Livingstone; 1992; p. 627–648

[6] Picton, T. W. and Hillyard, S. A.: Endogenous event-related 
potentials. In: Human Event-Related Potentials. EEG Handbook, 
revised series. Edited by T. W. Picton. New York: Elsevier, vol. 3, 
1989; p. 361

[7] Duncan CC, Barry RJ, Connolly JF, Fischer C, Michie PT, Näätänen 
R et al. Event-related potentials in clinical research: guidelines 
for eliciting, recording, and quantifying mismatch negativity, 
P300, and N400. Clin Neurophysiol. 2009; 120(11):1883-1908

[8] Maria José Santos Cóser. P300 Auditory Evoked Potential 
Latency In Elderly. Braz J Otorhinolaryngol 2010;76: 287-293

[9] Iacono WG, McGue M. Association between P3 event-related 
brain potential amplitude and adolescent problem behavior. 
Psychophysiology. 2006; 43(5):465-469

[10] Vardi Y, Sprecher E, Gruenwald I, Yarnitsky D, Gartman I, 
Granovsky Y. The p300 event-related potential technique for 
libido assessment in women with hypoactive sexual desire 
disorder. J Sex Med 2009; 6: 1688–1695

[11] Vardi Y, Volos M, Sprecher E, Granovsky Y, Gruenwald I, 
Yarnitsky D. A p300 event related potential technique for 
assessment of sexually oriented interest. The Journal of 
Urology 2006; 176; 2736–2740

[12] Knight RT. Electrophysiological methods in behavioral 
neurology and neurophysychology. In: Feinberg TE, Farah MJ 
editor. Behavioral Neurology and Neurophysychology. New 
York: McGraw Hill; 1997; p. 101–119

[13] Polich J, Herbst KL. P300 as a clinical assay (rationale, 
evaluation, and findings). Int J Psychophysiol. 2000; 38: 3–19

[14] Ozcan C, Ozbek E, Soylu A, Yilmaz U, Guzelipek M, Balbay DM. 
Auditory event-related potentials in patients with premature 
ejaculation. The Journal of Urology 2001; 58: 1025–1029

[15] Maretti MB, Haddad AS, Ferreira MC, Guaré Rde O, Alonso LG. 
Toriello Carey syndrome: genetic, clinical, and oral conside-
rations: a case report. Spec Care Dentist. 2011 31: 68–72

[16] Golabi M, James AW, Good WV, Cotter PD. Tissue-limited 
mosaicism for monosomy 13. Am J Med Genet A. 2010; 
152A(10): 2634–2639

[17] Climent Alcalá FJ, Molina Rodríguez MA, González Casado I, 
Osona Bris L, Salamanca Fresno L, Guerrero-Fernández J, et al. 
Chromosome 9P deletion: Gonadal dysgenesis associated with 
mental retardation and hypoplasia of the corpus callosum: A 
contiguous gene syndrome? An Pediatr (Barc). 2010 Mar;72: 
210–214



 MP300 in Hypospadias   363

[18] Hoffman LD, Polich J. P300, handedness, and corpus callosal 
size: gender, modality, and task. Int J Psychophysiol. 1999; 31: 
163–174

[19] Polich J, Hoffman LD. P300 and handedness: on the possible 
contribution of corpus callosal size to ERPs. Psychophysiology. 
1998; 35: 497–507

[20] Nager W, Krauss JK, Heldmann M, Marco-Pallares J, Capelle 
HH, Lütjens G et al. Human hypothalamus shows differential 
responses to basic motivational stimuli—an invasive electro-
physiology study. Neuroscience. 2011 25;189:330–336


