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ABSTRACT
Purpose: to determine whether undernutrition in the first years of life affects the pho-
nological awareness skills, the phonological working memory and the school perfor-
mance of children. 
Methods: the participants were children with a history of moderate/severe undernutri-
tion during their first years of life (G1) who achieved nutritional recovery (n = 15).  The 
performance of G1 in different cognitive tasks (phonological awareness at the syllable 
and phoneme level, phonological working memory – repetition of digits and pseudo-
words, and reading, writing and arithmetic activities) was compared to that of children 
with school difficulties (G2) (n = 15) and without school difficulties (G3) (n = 15), all 
eutrophic ones. 
Results: the performance of G1 was worse than that of the other two groups in all 
tasks evaluated (mean score of G1, G2 and G3 and p-values: phonological awareness: 
31, 41, 57 - 0.01; repetition of direct order digits: 18, 23, 28 - 0.001; writing: 4, 10, 
22 - 0.001; reading: 26, 45, 65-0.001; arithmetic: 4, 7, 11- 0.001). 
Conclusion: the results demonstrate that undernutrition affected the cognitive deve-
lopment, causing changes in important cognitive skills for the development of written 
language. 
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INTRODUCTION
Childhood development consists in an ordered 

progression of skills (motor, cognitive and personal/
social) originating from the interaction between environ-
mental factors and genetic potential1. Through a gradual 
and increasing process, the initial developmental skills 
form te basis for subsequent development, including 
school performance. Risk factors, among them nutri-
tional deficiencies (growth and micronutrient deficits) 
and the lack of learning opportunities prevent children 
from achieving their potential for development1,2.

Several studies have pointed out that undernu-
trition, when present during critical growth and brain 
development periods, severely affects cognition since 
the brain does not receive the nutrients necessary for 
its development. The adverse effects of macro- and 
micronutrient deficiency during childhood may not be 
fully reversible even after nutritional rehabilitation and 
continue to affect the various cognitive functions during 
school years and the quality of life during adulthood3-14.

It is known that during the period between the 
second gestational trimester and the second year of 
life the Central Nervous System is undergoing accel-
erated development. Myelinization, neurogenesis and 
neuronal migration occur during this period15 so that 
nutritional insults during this period represent a high 
risk factor for the development of the cognitive skills 
that are essential for written language. 

The first studies regarding the cerebral sequelae 
caused by undernutrition intended to evaluate the 
brain of children who had died due to this disease. 
An example is the study by Winick and Rosso16 who 
observed lower RNA and DNA values in relation to 
weight and protein quantity in the brain of under-
nourished children compared to control. With the 
advancement of neurophysiological and chemical 
techniques, it became possible to determine in more 
detail the undernutrition-brain relationship in studies 
using animal models17.

The determination of the intelligence quotient (IQ) 
was the main instrument used to assess the cognitive 
skills between the 1940 and 1970 decades. In the 
seventies, the studies started to analyze other aspects 
in addition to the IQ such as neuropsychomotor 
development12, executive function development6, and 
the development of oral5,8 and written language3-5. 
The conclusion of those studies was that severe and 
chronic undernutrition, especially when occurring at 
the beginning of life, had significant and lasting implica-
tions regarding the development of cognition.

Although some studies have demonstrated a 
positive relationship between poor school perfor-
mance and severe undernutrition, few investigations 
have focused on the development of the cognitive 
skills needed for the development of written language, 
among them phonological processing18.

Phonological processing refers to the mental 
operations for information processing based on the 
phonological structure of oral language, which permit 
the decoding of words during reading and writing19. 
Skills such as phonological awareness (PA), working 
memory and rapid access to the lexicon (rapid naming) 
are the components of phonological processing. The 
first two tasks have been more extensively studied and 
are considered to have the highest correlation with the 
written language19.

There is a close relationship between the written 
language and PA: for the development of written 
language, children need to perceive that the 
letters (graphemes) are related to the sound units 
(phonemes). Thus, it is necessary to be aware of the 
fact that it is possible to fragment the spoken language 
and that the segments can be manipulated, involving 
tasks at the syllabic, intra-syllabic and phonemic level. 
Working memory is another important component of 
Phonological Processing that is responsible for the 
storage and temporary manipulation of the information 
needed during the execution of complex cognitive 
tasks20. The phonological loop or phonological working 
memory (PWM), one of the components of working 
memory, plays an important role in written language 
by being responsible for the processing of verbal 
material20.

PWM and PA are interdependent. Several clues 
indicate that PWM may play an important role in PA 
tasks since during the manipulation of sounds and 
the resolution of tasks the verbal material must be 
in the working memory in order to be successfully 
resolved19. However, it has not been defined so far 
whether the basic deficit that underlies the learning diffi-
culties involves the PWM or the PA, or whether there 
is a basic change, i.e., whether changes in PWM lead 
to PA problems or vice-versa, although there is clear 
evidence of the importance of the integrity of these two 
factors for the written language21-24.

Although the literature has well documented the 
persistent effects of early undernutrition on brain devel-
opment and its cognitive impacts on the development 
of children and adolescents, the specific nature of  
these neurocognitive deficits has not been properly 
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evaluated, considering that these studies, in general, 
only use IQ and schooling levels as parameters for 
cognitive evaluation. Few studies have been detected 
that analyzed specific neuropsychological deficits13.

On this basis, the objective of the present study 
was to determine whether moderate or severe under-
nutrition occurring at an early age causes changes in 
Phonological Processing skills, thus, impairing the 
development of written language.

METHODS
This was a retrospective cohort study approved by 

the Ethics Committee of the University Hospital, Faculty 
of Medicine of Ribeirão Preto – USP (protocol number 
1924/2009).

Participants 
Forty-five children (21 girls and 24 boys) aged 7 to 

10 years were assigned to three groups: G1 (n=15) 
children with moderate or severe undernutrition during 
the first two years of life (diagnosed by the medical 
staff of a high complexity hospital) and with a history of 
nutritional rehabilitation after a period of undernutrition; 
G2 (n=15) children with no history of undernutrition 
and with difficulties in academic performance, and G3 
(n=15) children with no history of undernutrition  with 
adequate academic performance. The children of the 
three groups were matched for age, socioeconomic 
level and type of school institution in the 1:1:1 order, 
with G1 children considered as reference.

Exclusion criteria were: children who did not 
frequent school regularly and children with a diagnosis 
of genetic syndromes or a history of neurological 
changes that would impair their cognitive functions, 
with peripheral audiological changes (hearing loss 
or changes in the middle ear), and with a history of 
rehabilitation involving any cognitive skill. 

Inclusion criteria for G1 were a history of early 
childhood undernutrition and nutritional recovery. The 
children had to be monitored by a medical and nutri-
tionist team at the outpatient clinics of a tertiary care 
hospital. Inclusion criteria for G2 and G3 were the 
absence of a low weight history or undernutrition and 
appropriate development for written language  for G3 
children.

Materials and procedures
A total of 584 medical records of children seen at a 

high complexity hospital were first analyzed in order to 

select children that would meet the criteria for inclusion 
in the study as part of G1. Of the 79 children who met 
the criteria, only 15 fully adhered to the present study. 

G2 and G3 children were students enrolled in the 
public education network. They were selected on the 
basis of anamnesis of their parents involving questions 
related to the development of the child and his medical 
history.

All participants in the present study were submitted 
to the following procedures: 

a)	 Peripheral auditory evaluation: tone threshold 
audiometry was applied using a Madsen 
Electronics audiometer model Midimate 622. The 
procedure consisted of a threshold study in air 
conduction (frequencies of 250 to 8000 Hz). A 
Madsen Electronics instrument model Zodiac 901 
was used to trace the tympanometric curve for the 
assessment of the middle ear. These two exams 
were used in order to apply the exclusion criteria 
(presence of hearing loss);

b)	 Evaluation of nutritional status: The past nutri-
tional status of G1 was diagnosed using the 
Z-score for Weight/Age (W/A) as an indicator. 
The Z-score for Body Mass Index (BMI) for age 
was used as an indicator for the anthropometric 
assessment of all children (G1, G2 and G3). As 
recommended by the World Health Organization 
(WHO)25, a Z-score of less than 2 is classified as 
undernutrition. The indicators were calculated 
and analyzed by a professional nutritionist using 
the Epi Info software. The anthropometric measu-
rements (weight and height) were obtained using 
the following procedures: Body weight (W) was 
measured in kg on a Bal-Isopa TecLine digital 
scale with 0.1 kg resolution. The procedure was 
performed in the morning, with the subjects 
fasting, wearing light clothing and no shoes and 
having voided their bladder. Height (H): The parti-
cipants stood in an erect position, with the head on 
a vertical plane, wearing no shoes, with their feet 
joined and resting their back, buttocks and heels 
against the wall. Their height was marked on the 
wall and a measuring tape with 1 cm  graduation 
was used to determine the value in cm.

c)	 Evaluation of Academic Performance by the 
Student Performance Test (SPT)26 for assig-
nment to G2 and G3: The instrument consists of 
three subtests: writing (writing one’s own name 
and separate words presented in the form of 
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of the repetition of thirty nonwords organized into 
seven lists varying by number of syllables (one to 
three syllables). All nonwords consisted of simple 
syllabic structures (consonant-vowel – CV). One 
point was attributed to each correct repetition (a 
maximum of 30 points)

Statistical analysis

Data were analyzed statistically by the Kruskal-
Wallis test and repeated measures MANOVA. The 
Kruskal-Wallis test was used to determined differences 
between the three groups (G1, G2 and G3) in the scores 
for the following tasks: school performance (SPT), 
phonological memory (ITPA and RPSS- total score), 
and phonological awareness (CONFIAS). Repeated 
measures MANOVA was used for a detailed analysis 
of the RPSS test, i.e., for the determination of possible 
inter- and intragroup differences in the repetition of 
nonwords of different extensions (1-6 syllables). The 
level of significance was set at α = 0.05 for both tests. 
When the null hypothesis was rejected (p-value <0.05), 
a post-test was applied in order to determine where 
the difference was located. The post-test used was the 
Kruskal-Wallis multiple comparisons test, which defined 
between which groups there was a difference. 

RESULTS

The data regarding the history of undernutrition of 
G1 are listed in Table 1. All children had experienced 
a state of moderate or severe undernutrition before 
2 years of age even though there were variations 
regarding the Z-score for W/A. There was also variation 
in the time during which the child continued to be 
undernourished (between 0.1 and 1.4 years).

dictation – a maximum of 35 points), arithmetic 
(solution of problems in an oral manner and 
arithmetic operation in writing – a maximum of 38 
points), and reading (recognition of words out of 
context – a maximum of 70 points). Crude scores 
were obtained for each task using this test and 
each child was classified as having adequate or 
inadequate school performance based on the 
standardization by age offered by the test itself.

d)	 Evaluation of Phonological Awareness: an 
Instrument of Sequential Evaluation (CONFIAS)27 
consisting of two parts. The first assesses syllabic 
awareness (synthesis, segmentation, identifi-
cation of the initial syllable, of rhymes and of the 
medial syllable; exclusion and transposition) 
and the second assesses phonemic awareness 
(production of a word that starts with the given 
sound, identification of the initial phoneme, identi-
fication of the final phoneme, exclusion, synthesis, 
segmentation, transposition). All children gave oral 
responses. The child received 1 point for each 
correct answer and 0 for each error. 

e)	 Evaluation of Phonological Working Memory 
(PWM): by means of Subtest 5 of auditory 
sequential memory of the Illinois Test of 
Psycholinguistic Abilities (ITPA)28. The test consists 
of 21 digit sequences ranging from two to seven 
digits arranged in increasing order of digit number 
to be presented. The child should repeat the 
sequence presented in the direct order. For this 
task, the child is allowed two attempts, with 2 
points being attributed to a correct answer in the 
first attempt and 1 point in the second attempt. 
The maximum score of the test can be 42 points. 
PWM was also assessed by the Children’s Test of 
Nonword Repetition (RPSS)29. This test consists 
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Table 1. Data (in years) related to the history of undernutrition of G1 

Child Age during undernutrition Duration of undernutrition Z-score for W/A
01 1.1 1.1 -43.15
02 0.7 0.8 -6.34
03 0.4 1.0 -3.98
04 0.5 1.4 -6.84
05 0.1 1.5 -5.81
06 0.1 0.1 -3.81
07 0.1 < 0.1 -3.27
08 0.1 0.2 -2.38
09 0.4 0.11 -4.6
10 1.3 0.1 -3.54
11 0.5 0.3 -11.21
12 0.1 1.1 -2.96
13 0.6 1.0 -4.54
14 1.7 0.10 -5.81
15 0.3 0.10 -2.26

W/A = weight for age

Table 2. Mean performance scores for the study groups in the different tasks of the School Performance Test analyzed by the Kruskal-
Wallis and Multiple Comparison tests (α = 0.05)

Mean score p-value Post-test result
Writing G1 = 04.7 > 0.001* G1 ≠ G3

G2 = 10.2 G1 ≠ G2

G3 = 22.3 G2 ≠ G3

Arithmetic G1 = 04.7 > 0.001* G1 ≠ G3

G2 = 07.3 G1 ≠ G2

G3 = 11.9 G2 ≠ G3

Reading G1 = 26.7 > 0.001* G1 = G2

G2 = 45.1 G1 ≠ G3

G3 = 65.2 G2 ≠ G3

SPT (total) G1 = 39.6 > 0.001* G1 = G2

G2 = 62.6 G1 ≠ G3

G3 = 94.5 G2 ≠ G3

* significant difference

The SPT was used to determine academic perfor-
mance. The mean scores obtained for each group in 
the different tasks are listed in Table 2.  G2 scores were 
significantly lower than G3 scores according to the 
criterion used for group classification. However, a result 

obtained by G1 in this task should be emphasized: 
undernourished children also obtained significantly 
lower scores than G3 for all tasks, but obtained even 
lower scores regarding writing, with values also lower 
than those of G2. 
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The results regarding PWM tests are presented 
below. Regarding RPSS (Figure 1), an extension effect 
was observed in all groups. For the repetition of 1 to 2 
syllables, all groups showed a similar performance, i.e., 
the children had no difficulty in retaining short phono-
logical information. However, starting with stimuli of 3 
syllables, G1 showed a significantly lower score than 
the remaining groups. With stimuli of 4 syllables G2 
also showed a fall in performance, becoming similar 

to G1. This result indicates that children with deficits 
in academic performance are less efficient in retaining 
phonological stimuli than children without such deficits. 
The performance of G3 was reduced only starting from 
5 syllables. Regarding the ITPA, G1 showed the worst 
performance (mean = 18.7; standard error = 2.6), 
which was significantly inferior to that of G2 (mean 
= 23; standard error = 1.6) and G3 (mean = 28.8; 
standard error = 2.8) (p - 0.001).

Figure 1. Mean values obtained in the RPSS test. * significant difference between G1 and G2, # significant difference between G1 and 
G3, and ¥ significant difference between G2 and G3

 

 

The results of the Phonological Awareness test 
(CONFIAS) – syllabic level - – (Table 3) demonstrated 
greater difficulty of G1 and G2 in the tasks of rhyme 
production, syllabic exclusion and syllabic transpo-
sition compared to G3. G1 also showed a poorer 
performance than G3 in the rhyme task. Regarding the 
Phonemic Level (Table 3), G1 obtained significantly 
lower scores than G3 in the synthesis, segmentation 
and phonemic transposition tasks, and G1 and G2 
differed only in the task of word production from a 

phoneme. This result indicates that undernourished 
children have a poorer performance than normal weight 
children with difficulties in academic performance. The 
general performance differed between G1 and G2 
in relation to: G3 at all levels (syllabic, phonemic and 
total). And when comparing G1 and G2, it can be seen 
that G1 children had significantly lower scores in tasks 
of syllabic levels or when phonological awareness as a 
whole was considered.
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DISCUSSION

Undernutrition during the first years of life may 
cause lasting impairments which, in the long term, 
involve global cognitive changes represented by a 
lower IQ4-10,12-14 or by difficulties in reading, writing and 
arithmetic tasks5,9,13.

In most cases, the presence of cognitive changes 
results in impaired quality of life characterized by 
a reduced socioeconomic level7. On this basis, it 
is important to to understand and intervene in this 

undernutrition/cognition process since early childhood, 

minimizing the cognitive and social damage to this 

population on a short- and long-term basis. In order 

to implement this intervention it is first necessary to 

determine which cognitive skills are affected by this 

condition. Although many studies have investigated 

the cognition/undernutrition relationship, surpris-

ingly there are no studies elucidating which cognitive 

Table 3. Mean scores obtained by the 3 groups in the CONFIAS tasks – syllabic and phonemic level, analyzed by the Kruskal-Wallis test 
and by the Multiple Comparisons test (α = 0.05)

Syllabic level Mean Score p-value Post-hoc 
result

Phonemic 
level Mean Score p-value Post-hoc result

Syllable Síynthesis

G1 =3.4 0.051
Phonemic 
production

G1 =2.1 0.02* G1 ≠ G2

G2 =3.9 G2 =3.2 G1 = G3

G3 = 4.0 G3 =3 G2 = G3

Syllable Segmentation

G1 =3.6 0.052 Identification 
of the initial 
phoneme

G1 =2 0.001* G1 = G2

G2 =3.9 G2 =3.2 G1 ≠ G3

G3 =4.0 G3 =3.6 G2 = G3

Identification of the 
initial syllable

G1 =2.6 0.051 Identification 
of the final 
phoneme

G1 =1.4 >0.001* G1 = G2

G2 =3.2 G2 =1.2 G1 ≠ G3

G3 =3.7 G3 =3.1 G2 ≠ G3

Identificacation of a 
rhyme

G1 =2.4 0.01* G1 = G2
Exclusion of 
phonemes

G1 =1.4 0.002* G1 = G2

G2 =3.0 G1 ≠ G3 G2 =1.4 G1 ≠ G3

G3 =3.6 G2 = G3 G3 =3.5 G2 ≠ G3

Production of words

G1 =2.6 0.12
Phonemic 
synthesis

G1 =1.4 0.007* G1 = G2

G2 =3.6 G2 =1.8 G1 ≠ G3

G3 =3.6 G3 =2.8 G2 = G3

Identification of a 
mesial syllable

G1 =1.2 > 0.001* G1 ≠ G2
Phonemic 

segmentation

G1 =1.8 0.002* G1 = G2

G2 =2.4 G1 ≠ G3 G2 =2.9 G1 ≠ G3

G3 =3.5 G2 ≠ G3 G3 =0.8 Ga = G3

Production of a rhyme

G1 =0.8 > 0.001* G1 = G2
Phonemic 

transposition

G1 =0.1 0.051

G2 =1.2 G1 ≠ G3 G2 =0.4

G3 =2.9 G2 ≠ G3 G3 =1.3

Exclusion of a Syllable

G1 =2.7 > 0.001* G1 = G2
Total phonemic 

Level

G1=10.4 >0.001* G1 = G2

G2 =4.2 G1 ≠ G3 G2=14 G1 ≠ G3

G3 =7.1 G2 ≠ G3 G3=21.4 G2 ≠ G3

Syllabic Transposition

G1 =1.0 > 0.001* G1 = G2
Total  CONFIAS 

test

G1=31.1 > 0.01* G1 ≠ G2

G2 =2.0 G1 ≠ G3 G2=41.9 G1 ≠ G3

G3 =3.2 G2 ≠ G3 G3=57.5 G2 ≠ G3

Total syllabic Level

G1 =20 > 0.001* G1 ≠ G2

G2=27.9 G1 ≠ G3

G3=35.4 G2 ≠ G3

* significant difference
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skills are more specifically affected, with a conse-
quent impairment of the organization of remediation 
measures.

In agreement with world rates about the effects of 
undernutrition on academic performance, the present 
study demonstrated that 80% of children with a history 
of undernutrition had an unsatisfactory academic 
performance. A detailed and qualitative analysis of the 
medical history of G1 children indicated that 20% of 
those who had no difficulties in academic performance 
were the children who had suffered moderate/severe 
undernutrition for a short period of time (less than one 
month). 

Thus, the present study intended to analyze the 
skills of Phonological Processing in children with a 
history of undernutrition (G1) using PA and PWM tasks, 
which are directly related to reading/writing processing.

The first result calling our attention was the score 
obtained by G1 in the Writing tasks of SPT compared 
to the remaining groups. Although G2 obtained low 
scores characterizing weak academic performance, 
the G1 score was significantly lower than these. This 
result demonstrates the severe impairment of the skills 
involved in written language caused by undernutrition 
and shows that this negative impact may be more 
determinant than other possible factors regarding poor 
school performance. Thus, analysis of the performance 
in PA and PWM tasks may provide information that 
would clarify in what way undernutrition affects the 
writing capacity of these children. Writing is considered 
to be one of the more complex skills to learn because 
it involves several cognitive functions30,31. Among them, 
PWM32 plays a primordial role since it permits the 
recovery and maintenance of words, ideas, linguistic 
chains and grammar rules, in addition to monitoring 
and controlling irrelevant concurrent information, an 
essential event in typical situations of daily writing. 
Thus, writing in a more efficient manner is associated 
with a better management of PWM resources33.

The results of PWM tasks revealed changes of 
fundamental importance for the clarification of the 
greater writing difficulties of G1, especially when the 
task involved the repetition of nonwords. The children 
with a history of undernutrition were able to repeat 
efficiently only nonwords of up to two syllables, 
whereas G2 was as efficient as G3 in the repetition of up 
to three stimuli. Nonword repetition is considered to be 
a complex task which is important for the assessment 
of PWM, since in the repetition of this stype of stimulus 
here is no intervention of lexical, semantic or syntactic 

aspects for the storage of information34. The positive 
relationship between PWM and the written language 
has been pointed out in several studies and confirmed 
by the present one since the worst PWM performance 
was detected in children with school difficulties (G1 and 
G2).

Regarding PA, the other component of phonological 
processing, we also observed a difference in total 
performance in tasks of syllabic level between the three 
groups. Although G1 showed impairment of perfor-
mance similar to that of G2 in most tasks, the analysis 
of general performance demonstrated that the children 
exposed to undernutrition performed in an even worse 
manner at the general syllabic level when compared to 
children with poor academic performance (G2). At the 
phonemic level, considered to be the most complex35,36, 
the performance of G1 and G2 was similarly inferior to 
that of G3. 

We detected no studies investigating PA devel-
opment in children with a history of undernutrition. 
The change in this skill observed in the present study 
contributed to all other results that demonstrated the 
difficulties in the development of written language 
among children with early age undernutrition. PA is one 
of the more important components of the development 
of reading and writing capacity, which refers to the 
ability to detect and manipulate the sound structure of 
words regardless of their menaing16.

PWM and PA skills are positively related to auditory 
processing skills since, in order to process the sounds 
of speech phonologically it is first necessary to interpret 
them37,38. The auditory pathways of children with a 
history of undernutrition exhibit a delay in the myelin-
ization process of the auditory pathways. As a conse-
quence, there is a delayed maturation of the auditory 
pathways represented by an increased latency of I 
and V waves in the brain stem auditory potential39,40. 
Alterations have also been detected in children with 
a history of undernutrition during evaluation of the 
auditory pathways (central auditory processing tests) 11.

CONCLUSION
The present study demonstrated that the condition 

of severe undernutrition, when present at an early age, 
is an important variable that interferes with the devel-
opment of the cognitive skills necessary for the acqui-
sition of written language (phonological awareness 
and working memory), resulting in poor school perfor-
mance. In the phonological awareness task, children 
with a history of undernutrition were unable to solve 
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tasks that involved phonemes, rhymes or more complex 
tasks at the syllabic level. Regarding their performance 
in phonological working memory, these children 
successfully repeated only nonwords of 2 syllables and 
their performance in the digit repetition task in direct 
order was inferior to that of the other groups. In addition 
to being inferior to control children (normal weight 
children with good school performance), children with 
a history of undernutrition were also inferior to their 
peers classified within normal weight but with poor 
school performance.
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