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Long latency auditory evoked 

potentials in malnourished children

Potenciais evocados auditivos de 

longa latência em crianças desnutridas

ABSTRACT 

Purpose: To characterize the findings obtained in the long latency auditory evoked potentials in malnourished 

children, as well as to compare them to the results obtained for children at the same age who present typical 

development. Methods: Sixty-five children aged between 7 and 12 years old, of both genders, were evaluated. 

The control group consisted of 34 children with normal development and the study group consisted of 31 children 

diagnosed with malnutrition. All children underwent conventional pure tone audiometry, acoustic impedance 

measurement, dichotic digit test and long latency auditory evoked potentials. Results: The study group presented 

a statistically significant difference for latencies of the components P1, N1 and P300. The latencies of these 

components were higher than those of the control group. Concerning the types of alterations found in the study 

group, increased latency for P1 and P300 and the absence of response in N1 were predominant. The control 

group showed a statistically significant difference in the amplitude of P300 when compared to the right and left 

ears. Conclusion: Malnourished children present with changes in the long latency auditory evoked potentials, 

suggesting a deficit in central auditory pathways and alterations in the processing of acoustic information.

RESUMO 

Objetivo: Caracterizar os potenciais evocados auditivos de longa latência em crianças com desnutrição, bem 

como compará-los aos resultados obtidos em crianças com desenvolvimento típico da mesma faixa etária. 

Métodos: Foram avaliadas 65 crianças de ambos os gêneros,entre 7 e 12 anos de idade. O Grupo Controle foi 

composto por 34 crianças com desenvolvimento típico e o Grupo Estudo, por 31 crianças com diagnóstico de 

desnutrição. Todas as crianças realizaram audiometria tonal convencional, medidas de imitância acústica, teste 

dicótico de dígitos e potencial evocado auditivo de longa latência. Resultados: O Grupo Estudo apresentou 

diferença estatisticamente significativa para as latências dos componentes P1, N1 e P300, sendo as latências 

desses componentes maiores do que as do Grupo Controle. O tipo de alteração predominante no Grupo 

Estudo foi o aumento de latência para o componente P1 e P300 e, para o componente N1, o tipo de alteração 

predominante foi a ausência de resposta. O Grupo Controle apresentou diferença estatisticamente significativa 

no valor de amplitude do P300 quando comparadasas orelhas direita e esquerda. Conclusão: Crianças 

desnutridas apresentam alterações nos potenciais evocados auditivos de longa latência, sugerindo déficit na 

via auditiva central e alteração no processamento da informação acústica.
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INTRODUCTION

Protein-energy malnutrition is one of the major public health 
issues in Brazil, affecting mainly young children. It consists of 
a spectrum of pathological conditions resulting from the simul-
taneous lack of different proportions of proteins and calories, 
being more frequent amongst preschoolers and determining 
the impairment of their growth(1).

Childhood malnutrition can begin in intrauterine life and 
can be prolonged until preschool. The main consequences of 
malnutrition for the health of children younger than 5 years old 
are growth retardation and increased morbidity and mortality(2). 
Malnutrition(3,4) can also lead to changes in the central nervous 
system, depending on its intensity, time of incidence and dura-
tion of the disease, as follows: reduced weight, brain size and 
volume; reduced number of cells and myelin; and changes in 
the concentration of some enzymes.

Several studies have shown the high prevalence of hearing 
impairment among newborns with very low birth weight(5) and 
among older children with some level of malnutrition(6).

Hearing loss was highly prevalent among newborns with 
very low birth weight in the neonatal intensive care unit of 
Hospital das Clínicas in Porto Alegre(5). A study with 48 chil-
dren with some level of malnutrition who underwent hearing 
evaluation observed that 45 (94%) children presented some 
level of hearing impairment(6).

It is a known fact that the early years of life are considered 
as the most important ones for the development of hearing and 
language skills because the maturation of the central auditory 
nervous system (CANS) occurs in this period(7).

CANS is a complex system which, anatomically, includes 
the brainstem nuclei and pathways, subcortex, primary and 
secondary cortical association areas and corpus callosum(8). 
In order to objectively assess the integrity of this system, the 
use of auditory evoked potentials (AEPs) is emphasized since 
they refer to a series of electrical changes that occur both in the 
peripheral nervous system and in the central nervous system, 
usually related to sensory pathways(9).

Among these AEPs, long latency auditory evoked po-
tentials (LLAEP), also called late potentials, mainly reflect 
the thalamic and cortical activities, which are responsible 
for the cognitive functions of discrimination, integration 
and attention(10,11).

As observed in the peripheral auditory system, studies in 
literature show changes in the CANS, by means of AEPs, 
in malnourished children(12,13), thus emphasizing the importance 
to investigate the peripheral and central auditory pathways in 
this population. Therefore, knowing about the probable negative 
effects that childhood malnutrition can cause in the auditory 
system will lead to the establishment of proper corrective and/
or preventive measures.

So, the objective of this study was to characterize the 
LLAEPs in malnourished children, as well as to compare them 
to the results obtained from children with normal development 
at the same age group.

The hypothesis of this study is that the central auditory 
pathway of malnourished children is damaged due to the 

nature of this pathology, and such damage can be visualized 
with the AEPs.

METHODS

This study was approved by the Research Ethics Committee 
(COÉTICA) of Universidade de Fortaleza, report no. 443/2009 
and by the Research Ethics Committee of the School of 
Medicine of Universidade de São Paulo, research protocol 
no. 086/10. All members in charge for the children signed the 
informed consent.

Sixty-five children of both genders were assessed, aged 
between 7 and 12 years old. The control group (CG) was 
comprised of 34 healthy children, 13 female and 21 male sub-
jects, without malnutrition, assisted at the Center of Integrated 
Medical Attention without complaints related to hearing, 
language and hearing processing. The study group (SG) was 
comprised of 31 children, 16 female and 15 male subjects, di-
agnosed with malnutrition. They were followed-up by Instituto 
de Prevenção à Desnutrição e à Excepcionalidade (IPREDE) 
in Fortaleza, Ceará.

Data on malnutrition, such as level, time of malnutrition and 
onset of treatment, were collected from the medical records of 
patients in the SG in IPREDE.

Normal hearing (mean of hearing thresholds in frequencies 
of 500, 1000 and 2000 Hz lower than or equal to 15 dB NA) 
proven by pure tone threshold audiometry and no impairment 
in the middle ear (presence of Type A tympanometry curve 
and ipsilateral and contralateral acoustic reflexes) proven in 
acoustic immittance measures were conditions for the children 
in the SG and CG to be included in the study.

Exclusion criteria for both groups were: presence of 
secretion in the external auditory canal, presence of risk 
factors for hearing loss, according to the Joint Committee 
on Infant Hearing(14), malformation in ear auricle (agenesis 
or canal atresia) and disagreement of parents or respon-
sible parties regarding the participation of the child in 
the study.

After anamnesis and inspection of the ear canal, conven-
tional pure tone audiometry and acoustic immittance measures 
were performed to select children with no hearing impairment 
who would be part of the study and would be submitted to 
LLAEP. To complement the hearing behavioral assessment, 
the dichotic digit test (DDT) was performed in all of the as-
sessed children.

In the electrophysiological hearing assessment (LLAEP), 
the equipment MK 22 was used (brand: Amplaid), with the 
TDH 49 supra-aural earphones. Tests were performed with 
the child lying down, with a mild elevation on the head and 
in an acoustically and electrically treated room. Skin surface 
(forehead, mastoids and scalp) was cleaned with abrasive paste, 
and afterwards, electrodes were fixed with an electrolyte paste 
and microporous tape. Electrodes were placed on the vertex 
(Cz), right and left mastoids (A2 and A1) and on the forehead 
(Fpz), according to the guidelines of the International Electrode 
System 10–20(15). Impedance values of the electrodes were 
checked, being lower than 5kΩ.
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In LLAEPs, tone-burst stimuli were used and presented 
monaurally, at 75 dB NA, in frequencies of 1000 Hz (fre-
quent stimulus) and 1500 Hz (rare stimulus). A total of 
200 stimuli were presented, comprising of 20% of rare 
stimuli. The analysis window was 750 ms. For the genera-
tion of P300, the children were told to pay attention to the 
rare stimuli that appeared randomly in a series of frequent 
stimuli. They were asked to raise their fingers every time a 
rare stimulus came up. There was no replication of records. 
All of the procedures were conducted in a single session, 
lasting about 90 minutes, beginning with the LLAEPs, with 
the objective to perform them with a restful child, thus avoid-
ing interference in the results.

Values of latency and amplitude of P300 were analyzed 
in the report corresponding to the rare stimulus, and latency 
values of components P1, N1, P2 and N2 corresponded to the 
frequent stimuli. In cases in which the studied components 
were absent, latency values were stipulated to each component, 
so there would be no loss of data during statistical analysis. 
For each absent component, the established latency value was 
the maximum latency value obtained in the sample (in each 
group) plus 25% of normality variance for each component 
proposed in literature(16). The latency values stipulated for each 
absent potential, both in the CG and in the SG, are described 
in Charts 1 and 2, respectively.

In the statistical treatment of data, the analysis of quantita-
tive data was first conducted by mean, median and standard 
deviation of the results of each component of the LLAEP, for 
each group and among groups. The adopted significance level 
was 0.05 (5%) and confidence interval was 95%. Wilcoxon and 
Mann-Whitney tests were used.

Afterwards, in the qualitative analysis, results obtained 
for each component were classified as normal when latency 
values were within the normality pattern proposed in litera-
ture(17) for the age group of the study; they were classified 
as altered when there was increased latency or the absence 
of the component. The child was considered to present 
changes when at least one of the ears, or one of the sides, 
presented alterations.

Therefore, the qualitative analysis was conducted by com-
paring normal and altered results in each group and among 
groups, and also by comparing the types of changes found. 
Pearson’s χ2 test was used.

RESULTS

In the characterization of the sample, there was no statisti-
cally significant difference between the CG and the SG with 
regard to age and gender (Table 1). With regard to schooling, 
most children from CG and SG attended the second year of 
high school (Table 2), and there was no statistically significant 
difference between groups.

With regard to hearing behavioral evaluation and consider-
ing the results obtained in DDT, a larger proportion of children 
had changes in the SG (67.7%; 21 children) when compared 
to the CG (38.2%; 13 children), with statistically significant 
differences (p=0.017).

Concerning the study of the LLAEPs (quantitative data 
analysis), there was no statistically significant difference 
between the right and the left ears both for the CG and the 
SG, when comparing latency values of components P1, N1, 
P2, N2 and P300. Therefore, results of ears for each group 
and the comparison between groups were put together, and a 
statistically significant difference was found for latencies in 
components P1, N1 and P300 (Table 3). All of the analyses 
presented significance, and latencies in the SG were always 
higher than the ones in the CG.

A statistically significant difference was also observed be-
tween the right and the left ears in the CG when comparing the 
amplitude values of P300, the amplitude of the left ear being 
lower than the amplitude of the right ear. 

In the qualitative data analysis (occurrence of normal 
and altered results for LLAEP components), there was a 
statistically significant difference between the CG and the 
SG for components P1, N1 and P300 (Table 4). In relation 
to the types of changes found in LLAEPs in the SG, both 
for components P1 and P300, the prevalent type of change 
was increased latency, 93.3% and 100%, respectively. For 
component N1, the prevalent type of change was the absence 
of response (43.3% of the cases). There was no statistically 

Chart 1. Latency value stipulated for absent component N1, in the 
control group

Component Latency (ms)

N1 205

Chart 2. Latency values stipulated for absent components P1, N1 and 
P2, in the study group

Component Latency (ms)

P1 128
N1 238
P2 284

Table 1. Descriptive analysis of the control and study groups in relation 
to age and gender

Control group Study group p-value

 : 13:21 16:15 0.279

Age* 8.44±1.50 7.74±0.93 0.079

*In years (mean±standard deviation); Mann-Whitney test

 = female gender;  = male gender

Table 2. Distribution of schooling in the control and study groups

Schooling

(Elementary school)
Control group Study group

1 year 5 8
2 years 12 11
3 years 6 8
4 years 5 3
5 years 4 1
6 years 2 0
Mean 2.9 2.2
Median 2.5 2.0
p value 0.105
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significant difference between the CG and the SG in relation 
to the type of change.

In this study, mild malnutrition was prevalent (58.1%), and 
there was no significant correlation (or a positive one) between 
the occurrence of normal and altered results of components N1, 
P1, N2, P2 and P300 and level of malnutrition.

DISCUSSION

It is undeniable that the intake of a proper diet in terms of 
quantity and quality is an important factor for the human being, 
from conception to death, since it is the reason why nutrients 
(oxygen, iron, protein, fatty acids etc.) that are essential for 
neurological functioning and development are absorbed by the 
body(18,19). Therefore, it is clear that children who do not have 
access to such nutrients at the right dosage are prone to presenting 
more minor neurological dysfunctions, such as attention deficit, 
hyperactivity and school performance below expectations.

It is a known fact that malnourished children may also 
present less brain growth in relation to children with normal 
development, besides an important reduction in the number of 
synapses per neuron in cortical areas(20,21). 

Another factor to be considered is that, according to litera-
ture, malnutrition causes changes in the neural function from 
the brainstem(22), so it damages the processing of acoustic 
information until higher levels of cortical areas. Such argu-
ments justify the need to perform procedures that aim at the 
electrophysiological investigation of the cortical functioning 
in this population, once it seems logical that, if lower levels of 
the CANS are affected by dysfunctions, such as the “domino 
effect”, these dysfunctions pile up in various locations generat-
ing the AEPs.

The LLAEPs, such as P300, are useful for the study of 
cognitive and attention functions(11). The LLAEPs mainly reflect 
thalamic and cortical activities, which are structures responsible 
for discrimination, integration and attention skills(10).

There are a few studies in specialized literature relating 
malnutrition and LLAEPs. Because of that, and also under-
standing the importance to assess the CANS, this study aimed 
to investigate and characterize the LLAEPs in malnourished 
children. Facing the obtained results, it is possible to observe 
statistically significant differences in the latencies of compo-
nents P1, N1 and P300; also, latencies in the SG were higher 
than those in the CG (Table 3), which suggests the reduced 
velocity of acoustic information processing at the cortical level. 

Such findings corroborate with those obtained by Barnet et al.(12) 
and Flinn et al.(13), which demonstrated that cortical AEPs are 
affected by malnutrition, thus expressing the probable neural 
dysfunction resulting from nutritional deprivation. 

Barnet et al.(12) assessed 26 malnourished children aged from 
3 to 12 months old by means of the LLAEPs (latencies and 
amplitudes of components N1, P2, N2 and P3) and observed 
changes in these AEPs, which diverge from children with nor-
mal development at the same age group; they showed that brain 
dysfunctions caused by malnutrition in these children improved 
during treatment, even if they continued to show differences 
in comparison to children with normal development, probably 
due to the replacement of vital nutrients required for adequate 
brain functioning.

With the objective to investigate the influence of malnutri-
tion in cortical AEPs, Flinn et al.(13) assessed 23 malnourished 
children at hospital admission and 17 malnourished children 
with hospital discharge by analyzing cortical AEPs by counting 
the number of peaks in the register. Results showed changes 

Table 3. Comparison of latencies of components P1, N1, P2, N2 and P300 between the control and study groups

Latency

(ms)

P1 N1 P2 N2 P300

CG SG CG SG CG SG CG SG CG SG

Mean 85.2 96.5 149.9 189.3 191.9 201.5 271.1 275.3 367.2 381.8
Median 86.0 99.0 142.5 199.5 189.0 194.0 274.5 273.0 371.0 382.5
Standard deviation 19.6 19.0 39.4 53.6 39.9 38.9 29.6 26.4 28.4 34.9
N 68 62 68 62 68 62 68 62 68 62
p value <0.001* <0.001* 0.123 0.599 0.022*

*Statistically significant; Mann-Whitney test
Caption: CG = Control Group; SG = Study Group

Table 4. Distribution of the occurrence of normal and altered results in 
components P1, N1, P2, N2 and P300 in the control and study groups

Normal 

n (%)

Altered 

n (%)
Valor de p

P1

0,003*GC 11 (32,4) 23 (67,6)

GE 1 (3,2) 30 (96,8)

N1

<0,001*GC 14 (41,2) 20 (58,8)

GE 1 (3,2) 30 (96,8)

P2

0,224GC 16 (47,1) 18 (52,9)

GE 10 (32,3) 21 (67,7)

N2

0,730GC 19 (55,9) 15 (44,1)

GE 16 (51,6) 15 (48,4)

P300

0,007*GC 29 (85,3) 5 (14,7)

GE 17 (54,8) 14 (45,2)

*Statistically significant; Pearson´s χ2 test
Caption: CG = Control Group; SG = Study Group
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in AEPs with statistically significant differences at hospital 
admission, thus showing the presence of CANS impairment as 
a result of malnutrition. The conclusion was that this is a reli-
able measure to observe the development and the functioning 
of the central nervous system.

Even though this study is in accordance with those con-
ducted by other authors(12,13) who studied the LLAEPs in mal-
nourished children and observed changes in this potential, the 
specific comparison of the types of changes observed in the la-
tencies and amplitudes of LLAEP components was impaired 
because the method used to analyze the results was significantly 
different between the authors. As an example, there is the study 
by Barnet et al.(12), who analyzed LLAEP based on the evalua-
tion of the sum of absolute standard deviation values from the 
mean values of the latencies of components N1, P2, N2 and P3 
and the amplitudes of the corresponding components (N1-P2, 
P2-N2, N2-P3); another study was conducted by Flinn et al.(13), 
who analyzed cortical AEPs by counting the number of peaks 
present in the register, stating that it was a reliable measure to 
observe the development and functioning of the central nervous 
system. Such analysis methods are different from the ones in 
this study, which separately assessed latencies (P1, N1, P2, N2 
and P300) and the amplitude (P300) of LLAEP components, 
thus making it difficult to compare results between studies. The 
other methods used for analysis may have been used due to the 
age group of the children assessed in the different studies, that 
is, very young children. Anyway, regardless of the used method, 
our results corroborate those obtained by other authors, sug-
gesting CANS impairment in malnourished children.

Specialized literature points out that the analysis of the 
complex P1-N1-P2 provides information about how the sound 
stimulus reaches the auditory cortex and how the onset of the 
cortical acoustic processing occurs(23). P1 presents some genera-
tors, such as the primary auditory cortex, especially Heschl’s 
gyrus; N1 presents the primary and secondary auditory cortex, 
the latter being related to attention to sound arrival, sensory 
information reading by the auditory cortex and the formation 
of sensory memory of sound stimuli in the auditory cortex(23). 
On the other hand, P300 can be considered as an index of cog-
nitive function, and the prolonged latency of this component 
suggests a delay in the cognitive processing of the acoustic 
information(10). Therefore, longer latencies of components P1, 
N1 and P300 obtained from malnourished children in this study 
are suggestive of changes in acoustic information processing 
at the cortical level in this population.

The LLAEP is an important electrophysiological exami-
nation used to assess the processing of acoustic information, 
which, together with the behavioral evaluation of hearing, can 
bring relevant information concerning the monitoring of chil-
dren with hearing disorders, being also indicated for individuals 
with learning and concentration issues.

The analyzed literature mentions that malnourished children 
or those with food deprivation may present with changes in 
language development(24) and cognition(25), as well as difficul-
ties in learning, assimilation and memory, considering that 
hunger makes concentration more difficult, thus compromising 
learning(26,27) and school performance(28); besides, they can also 

present changes in central auditory processing. Indeed, Turini 
et al.(28) assessed 157 malnourished children aged from 7 to 8 
years old and observed that 43.31% of these children (68 cases) 
presented unsatisfactory school performance.

Therefore, the importance to perform AEPs as an elec-
trophysiological procedure to investigate these aspects in the 
population of malnourished children is emphasized and is allied 
to a behavioral hearing test. 

DDT is also very useful to detect cortical injuries and 
can also be useful to detect brainstem injuries. Musiek and 
Geurkink(29) assessed ten individuals with brainstem injury, out 
of which seven presented changes at DDT. They also reported 
that since the test is easy and fast, it can be indicated as a screen-
ing test to detect brainstem and cortical problems, as well as 
interhemispheric lesions. They emphasized that altered findings 
in DDT should be a warning and lead to the performance of 
other central auditory tests.

It is known that the hearing process can cause or be associ-
ated with difficulties in reading, writing, language and learning. 
Many studies found in literature on malnutrition report learning, 
memory(26) and language changes(24), as well as school failure(28) 
among malnourished children; however, specific studies about 
malnutrition and changes in hearing processing were not found 
in literature.

In this study, it was observed that malnourished children 
presented a higher proportion of changes at DDT when com-
pared to healthy children. So, this test is believed to be a useful 
tool, since it enables the assessment of the hearing pathway 
from the brainstem until cortical regions, both affected by 
nutritional deprivation.

The qualitative assessment (Table 4) showed that the 
SG had more altered results for components P1, N1 and 
P300, suggesting that malnourished children presented 
changes in the central auditory pathway, which is in ac-
cordance with findings in literature(12,13,30) that emphasized 
the presence of brain dysfunctions in this population, 
considering that malnutrition during the period of neural 
development can affect brain growth, leading to cognitive 
dysfunctions. Results observed in DDT corroborate the 
findings of LLAEPs (P1, N1 and P300), emphasizing the 
presence of changes in acoustic information processing in 
the studied population.

According to the described results, it was not possible to 
establish a correlation between the level of malnutrition and the 
presence of changes in LLAEPs. In this study, it is believed that 
the major occurrence of mild malnutrition is due to the work 
of the multidisciplinary team and educational actions conducted 
by the institution of which the children and family members 
were a part (Growth Center – Núcleo de Crescimento); this 
is a program that comprehends basic actions of assistance to 
children with several levels of malnutrition and their families, 
besides a Nutritional Education Center (Núcleo de Educação 
Nutricional) which is in charge of the nutritional guidance 
provided in the program.

So, maybe this correlation could have been shown with 
more clarity if we had assessed more cases of moderate to 
severe malnutrition, thus emphasizing the importance of more 
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studies contemplating different levels of malnutrition and their 
relation with the findings of LLAEPs.

It is also worthy to mention that malnourished children 
should go through a complete audiological, behavioral and 
electrophysiological evaluation, especially investigating 
the LLAEPs.

CONCLUSION

In face of the obtained results, it is possible to conclude 
that malnourished children present changes in LLAEPs, 
especially in components N1, P1 and P300, suggesting 
central auditory pathway deficit and changes in acoustic 
information processing.

It is necessary to conduct more studies assessing the central 
auditory pathway of malnourished children by means of a hear-
ing behavioral and electrophysiological evaluation, in order to 
obtain a better characterization of the central auditory function 
in this population.

*RPA was in charge of data collection, tabulation and analysis, as well as 
the writing of the manuscript; CGM collaborated with data tabulation and 
analysis, as well as the elaboration of the manuscript.
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