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Fetal and infant growth tends to follow irregular patterns and, particularly in developing

countries, these patterns are greatly influenced by unfavorable living conditions and inter-

actions with complications during pregnancy. The aim of this study was  to identify groups

of  children with different risk profiles for growth development. The study sample com-

prised 496 girls and 508 boys under six months of age from 27 pediatric primary health

care  units in the city of Rio de Janeiro, Brazil. Data were obtained through interviews with

the mothers and by reviewing each child’s health card. An unsupervised learning, know

as  a self-organizing map (SOM) and a K-means algorithm were used for cluster analysis to

identify groups of children. Four groups of infants were identified. The first (139) consisted

of  infants born exclusively by cesarean delivery, and their mothers were exclusively mul-

tiparous; the highest prevalences of prematurity and low birthweight, a high prevalence

of  exclusive breastfeeding and a low proportion of hospitalization were observed for this

group. The second (247 infants) and the third (298 infants) groups had the best and worst

perinatal and infant health indicators, respectively. The infants of the fourth group (318)

were  born heavier, had a low prevalence of exclusive breastfeeding, and had a higher rate

of  hospitalization. Using a SOM, it was possible to identify children with common features,
although no differences between groups were found with respect to the adequacy of post-

natal weight. Pregnant women and children with characteristics similar to those of group 3

require early intervention and more attention in public policy.

© 2014 Published by Elsevier Ireland Ltd.

Additionally, there is evidence that rapid growth during the
.  Introduction

nfant growth during the early months of life is affected by sev-

ral factors, including ethnic differences, intrauterine devel-
pment [1,2], genetic patterns, the consumption of foods and
ultural, environmental, and social factors [1,3–5]. Unfavorable

∗ Corresponding author. Tel.: +55 2127521706.
E-mail address: arthur@peb.ufrj.br (A.O.C. Schilithz).
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169-2607/© 2014 Published by Elsevier Ireland Ltd.
living conditions and their interactions with complications
during pregnancy are known to be associated with poor fetal
growth and child development in developing countries [6–8].
first six months of life, associated with several socioecono-
mic  factors and maternal characteristics, is an important
predictor of childhood obesity [9,10]. The assessment
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of growth is an important component for monitoring child
development. The detection of changes in the rate of growth
and weight gain is important markers of health in early child-
hood [11,12]. Anthropometric measurements, such as length
and weight, are commonly used to evaluate the nutritional
status of children under two years of age [13]. Atypical growth
patterns may characterize children that are at nutritional risk,
and the identification of those children may help prevent inad-
equate growth.

Several growth charts have been developed for monitoring
child growth [14,15]. Recently, the World Health Organization
[16] developed a growth chart using information from five con-
tinents through a multicenter study with children aged zero to
five years, regardless of ethnic origin, socioeconomic status, or
type of food. This multicenter study included data from Brazil,
representing children in Latin America. Growth curves are
primarily used for monitoring and assessing the health and
development of children and infants, and they are known to be
a cost-effective approach for identifying nutritional deficien-
cies. The associations of socioeconomic indicators, maternal
characteristics and prenatal care with delays in development,
including physical growth, are most often mediated by poor
nutrition [17,18]. Thus, growth, which is a proxy for nutritional
status, is correlated with socioeconomic status, maternal indi-
cators, and prenatal care.

Most studies that investigate infant health and develop-
ment assess growth failure and related factors by simply
characterizing infant growth changes and by comparing the
infant’s growth with standard growth charts [19,20]. A recent
study that evaluated the potential of geographically targeted
nutrition programs to reduce the number of infants at nutri-
tional risk concluded that the childhood nutritional status
is determined by individual and household factors [21]. The
study suggested that new interventions focusing on individual
needs are required. Nutritional risk factors tend to cluster in
individuals, and predicting which children will be at risk using
factors such as socioeconomic indicators, maternal indica-
tors, and prenatal care can help health services develop more
efficient preventive measures. One approach for identifying
groups of infants with similar risk factors is to use clustering
techniques.

Clustering is based on the idea that infants that have sim-
ilar risk factors should exhibit similar growth patterns. This
relationship allows for the possibility that more  than one pat-
tern of infant growth will be established and associated with
different profiles of socioeconomic and maternal indicators.

Among the available clustering techniques, the Koho-
nen network [22], which is an unsupervised artificial neural
network, also known as a self-organizing map  (SOM), is
recognized as effective due to its ability to visualize multidi-
mensional data in a low-dimensional space and to extract the
essential features of a complex dataset by generating proto-
type vectors. This technique has been widely used in pattern
recognition problems in engineering, and more  recently, it has
received attention in the field of epidemiology, with appli-
cations involving the clustering of patients with infectious

diseases, such as dengue fever [23], and patients with chronic
diseases [24–26].

The purpose of this study was to identify groups of children
with different maternal characteristics, prenatal care factors,
 n b i o m e d i c i n e 1 1 5 ( 2 0 1 4 ) 1–10

and socioeconomic indicators that might be of importance in
characterizing growth development. The aim of this report
also is to illustrate how a machine learning technique can
provide a relatively simple framework with which to visualize
and interpret multidimensional data relevant to child growth
and nutritional problems.

2.  Methods

2.1.  Sample  design

The data were obtained from a cross-sectional study that eval-
uated 1082 children under six months of age who required
pediatric care in 27 primary health care units of the Brazil-
ian Unified Health System (SUS) in the city of Rio de Janeiro
from June to September 2007. This study was conducted
by researchers from the National School of Public Health,
Oswaldo Cruz Foundation.

The sampling plan included two stages. In the first stage,
27 health care units were selected based on both the Euclidean
distance between the unit and the administrative center of the
municipality of Rio de Janeiro and the cumulative frequency
of the monthly average of pediatric consultations for children
under six months of age during the first half of 2005. In the sec-
ond stage, we  used a systematic sampling strategy, selecting
from the list of children enrolled for routine pediatric evalu-
ation. From each health unit 40 children under six months of
age were selected during the period of January to June 2007,
resulting in a total of 1080 interviews.

2.2.  Collected  variables

The data were initially obtained from each child’s health book-
let and supplemented through interviews with the mother.
The use of child health booklets was implemented by the
Brazilian Ministry of Health in 2005, and these booklets
contains information on events related to child health, includ-
ing obstetric history and neonatal indicators of growth and
development; information on breastfeeding; and clinical com-
plications. The booklet is intended to be used for all those
born in Brazil and is an appropriate instrument to monitor the
health of the child. Once we had all the information recorded
in a database, the database was linked to SINASC (Informa-
tion system of live births in Brazil) to retrieve information on
birth weight and gestational age. The SINASC is a national
information system of all live births and includes additional
information about maternal and infant characteristics, preg-
nancy, labor, and delivery (www.datasus.gov.br/sinasc). Seven
variables related to maternal, pregnancy, and delivery his-
tory were collected. These measures include three continuous
factors: maternal age, years of maternal schooling, and a
socioeconomic attribute based on the presence of house-
hold assets using the HAI (household assets index). The HAI
evaluates the frequency of the presence of an item in the
household, giving more  weight for rarer items [27]. Addition-

ally, five categorical variables were considered: marital status
(with or without live-in partner), satisfaction with prenatal
care (excellent, good, fair/poor/very poor), parity (primiparous
or multiparous), type of delivery (vaginal or cesarean), and the

dx.doi.org/10.1016/j.cmpb.2014.02.011
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Table 1 – Variables selected in the study by maternal and
child characteristics.

Source Variables Categories

Maternal
Demographic Age (Years)

Schooling (Years)
Marital status With live-in partner

Without live-in partner
Socioeconomic HAI Assets in household index
Prenatal care Adequacy of

prenatal
appointments

Appropriate
Intermediary
Not appropriate

Evaluation of
prenatal care

Excellent
Good
Fair/Poor/Very poor

Labor Type of delivery Vaginal
Cesarean

Parity Primiparous
Multiparous

Child
Demographic Infant age (Years)

Sex Male
Female

At birth Prematurity Yes
No

Weight at birth Low (<2500 g)
Eutrophic (2500–3999 g)
Macrosomic (3>4000 g)

Child care Exclusive
breastfeeding

Yes
No
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Fig. 1 – Architecture of a SOM. Darker units represent the
best matching unit and its neighboring units.
Hospitalization Yes
No

odified Kotelchuck index (KI) [28], which also used three cat-
gories – no prenatal care and inadequate as “not adequate”;
intermediate”; and adequate and more  than adequate as
adequate.” The modified KI index incorporates the category
no prenatal care,” and it includes in the category of “inad-
quate care” those women that start prenatal care after the
ourth month and have more  than 50% of the expected visits
nd women with fewer than 50% of the expected number of
isits, even when starting the care during the fourth month of
regnancy. The infant attributes selected were age in months,
ex (male or female), prematurity (born < 37 weeks of gestation
r not), birthweight (low: <2500 g; eutrophic: between 2500 and
999 g, macrosomic: >4000 g), type of feeding (exclusive breast-
eeding or not), and previous hospitalization (yes or no). These

aternal and infant variables were used to identify groups
f infants with similar characteristics and are presented in
able 1.

The Z-score weight by age and sex was calculated to eval-
ate the appropriate infant weight at the time of the survey
sing the WHO  Anthro software [29] (WHO, 2010). The children
ere classified as low or very low weight (Z score < −2), appro-
riate weight (−2 < Z score < 2), or high weight (Z score > 2),
nd the respective proportions were calculated for each infant
roup.

.3.  Data  analysis
he available data for each infant were initially normal-
zed to be in the interval 0–1 and then processed using a
Adapted from Kohonen (1990).

computational technique known as a self-organizing map  or
a Kohonen network [22,30].

A self-organizing map  (SOM) is a single-layer artificial neu-
ral network that uses unsupervised competitive learning to
form a nonlinear projection of a dataset in a reduced space
while maintaining the original topology of the input space.
Dimensionality reduction with topology preservation expands
the capacity of the cluster analysis of the data. This neural
network can be viewed as a two-dimensional grid in which
each cell in the array has a processing unit, called a neuron.
Neurons compete according to a learning rule known as “win-
ner takes all.” Fig. 1 shows a schematic of a two-dimensional
Kohonen network, consisting of 48 cells, or an 8 × 6 map.

Inputs are represented by the vector x = [x1, x2, . . .,  xm]t,
where m is the dimension of the input vector that is fully
connected to the neurons of the output layer of the net-
work. The network is a two-dimensional array that maps
the m-dimensional input space into a two-dimensional space.
The weight vector of the neurons is represented by wk = [wk1,
wk2, . . .,  wkm]t, where k varies from 1 to N, the total number of
neurons.

The pattern of the input vector x is mapped onto the net-
work output using a three-stage training approach. In the
competitive learning phase, a random sample is presented to
the network, and the neuron with the most similar weight vec-
tor is declared the winning neuron, known as the BMU (best
matching unit). The next step is the cooperation stage. This
stage corresponds to the identification of BMUs’ neighboring
neurons. Typically, a Gaussian function is used to determine
the neighborhood. As the final step, the weights of all neurons
are updated according to the following formulas:
wkm(n) = wkm(n − 1) + �wkm

�wkm = �(n) · H(n) · (xm(n)) − wkm(n − 1))
(1)

dx.doi.org/10.1016/j.cmpb.2014.02.011
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At each step n of the training process, the region of cells
identified by the function H surrounding the BMU  is reduced,
as is the learning rate �, which is the amount of adjustment
of the weights. At the end of the training process, the SOM
allows the visualization of the multivariate dataset in a two-
dimensional graph, helping researchers to infer topological
relationships in the original dataset.

To develop a SOM, one has to define the topology and size
of the map  (number of neurons). In this study, the selected
neuron network topology was a hexagonal lattice. There is no
direct method to define the size of the map.  Here, we  used
two parameters to evaluate the quality of the map,  the quan-
tization error, and the topographical error. We  implemented
a series of SOM maps in which the number of neurons varied
from 20 to 160 in increments of 5 neurons, and we evaluated
the two types of error, choosing the map  with the smallest
error. Additionally, for each map  size, we obtained the per-
centage of BMUs because it is known that not all neurons in
the SOM map  will be BMUs. It is desirable to have some neu-
rons not be BMUs to help find clusters in the data, but it is
not recommended to have a very large proportion of inactive
neurons.

The quantization error is calculated as shown in formula
(2), where N is the number of data-vectors and wkm is the BMU
of the corresponding xm data-vector. The quantization error
measures the average distance between the BMU and each
data vector and evaluates the fit of the SOM map  to the data.
The smaller the quantization error, the closer the data are to
their BMU  neuron. This error is calculated as follows:

qe = 1
N

∑
‖xm − wkm‖ (2)

The topographical error measures the percentage of sam-
ples that have first and second BMUs that are not adjacent
to each other. The lower the topographic error, the better the
topology preservation of the SOM map.  This error is calculated
using the following formula:

te = 1
N

N∑

m=1

u(xm) (3)

where u(xm) = 1 if the first and second BMUs are adjacent and 0
otherwise. The resulting map  after training the SOM shows the
presence of groups of neurons with similar activation. These
groups can be visualized using the unified distance matrix (U
matrix), revealing potential clusters in the map.  In this repre-
sentation, regions with high values indicate frontiers between
the groups, and units with low values suggest that there is
greater similarity between the neighboring units.

The SOM algorithm creates a set of prototypes in a two-
dimensional grid representing the original data and preserves
the original topology, reducing data complexity. Various neigh-
boring neurons may be modeling a cluster, and the U matrix
allows an initial visualization of the groups. To facilitate the
quantitative analysis of the map  and the data, similar units

should be clustered. The clustering technique used here was
K-means, proposed by MacQueen in 1967 [31].

The method of K-means clustering is also an unsuper-
vised learning algorithm. The algorithm randomly selects k
 n b i o m e d i c i n e 1 1 5 ( 2 0 1 4 ) 1–10

samples, called centroids, and builds k groups by associat-
ing each sample to the centroid with the highest similarity.
The average attributes in each group are calculated, generat-
ing k new centroids. The allocation process of the samples to
the groups is repeated until the process convergences, that
is, when no significant changes occur in the members of the
groups.

To determine the number of clusters, the GAP validity index
was used [32]. This index evaluates the relationship between
the similarity within groups and the dissimilarity or hetero-
geneity among the groups. This index was calculated as the
average of 10 replicates and was determined when varying the
number of clusters k from 2 to 10. High values of the GAP index
indicate good partitioning of the data.

After clustering the SOM neurons, the infants were classi-
fied according to their BMUs in each cluster and were analyzed
to label each group based on the variables used.

The computational environment used was Matlab version
7.b (MathWorks), and the SOM map  was implemented using
the free Matlab SOM toolbox developed by Vesanto [33] and
available at the web site www.cis.hut./projects/somtoolbox.

Significance testing was used to identify variables with
possible associations between groups. For the continuous vari-
ables, ANOVA was performed, with Bonferroni and Duncan
post hoc tests. For the categorical variables, Chi-square tests
were performed.

2.4.  Ethical  approval

The study was approved by the Ethics Committee on Human
Research of the Sérgio Arouca School of Public Health, part of
the Oswaldo Cruz Foundation.

3.  Results

3.1.  Characteristics  of  the  children

From the total of 1082 infants whose mothers were inter-
viewed, 78 (7.2%) were excluded from the analysis because of
missing information on some covariate of interest, resulting
in a study population of 1004 children. The age of the children
at the time of the interview varied from 0.13 to 5.95 months,
with an average of 2.9 months (±1.4). The birth weight of those
children was 3162 ± 513 g. There was no significant difference
in the distribution of the children by sex; 496 (49.4%) were
female, and 508 (50.6%) were male. The prevalences of low
birth weight (<2500 g) and prematurity (<37 weeks of gestation)
were, respectively, 8.3% and 6.6%. For every 100 infants, 92 had
adequate weight for their age and sex at the time of the inter-
view, and 34% were still exclusively breastfed. Nine percent of
the children had a history of one or more  hospitalization. The
mean maternal age was 25.3 ± 6.3 years old, and the moth-

ers had an average of 8 ± 2.8 years of schooling. Most mothers
with live-in partners (86.4%) rated their prenatal care as good
(47.4%), received appropriate prenatal care (59.3%), had vaginal
deliveries (63%), and were multiparous (54.5%).

dx.doi.org/10.1016/j.cmpb.2014.02.011
http://www.cis.hut./projects/somtoolbox
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Fig. 2 – (a) Quantization (dashed line) and topography
(dotted line) errors with varying numbers of map  units and
(b) the percentage of active neurons.
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Fig. 4 – GAP index used to determine the number of

mothers in this group had a higher mean age (29.5 ± 5.6 years)
and were all multiparous.
.2.  Results  from  the  self-organizing  maps

he best size for the SOM map  was obtained by varying the
umber of units between 20 and 160 and calculating the quan-
ization error, qe, and topological error, te. Additionally, we
etermined the percentage of neurons that were BMUs, i.e.,
eurons containing at least one instance of the dataset.

Fig. 2a shows the quantization error (dashed line) and topo-
raphical error (dotted line) as a function of map  size. The
ercentage of neurons, pnb, that were BMUs is shown in
ig. 2b. The number selected was 30 map  units because this
ize had small values for both qe and te, 0.93 and 0, respec-
ively, and a reasonable proportion of active neurons, 0.5%.

The final SOM (after training) is displayed using the U
atrix (unified distance matrix) in Fig. 3a as a grayscale image.

his representation shows the distances between map  units,
here dark shades correspond to long distances and light

ones to short distances between neurons. This representa-
ion enables, in a preliminary manner, the identification of up

o six possible clusterings of units: the first and second groups
re in the upper portion of the map,  and the others are in the

Fig. 3 – (a) The U matrix and (b) the 
clusters.

middle and lower portions. Fig. 3b shows the observed number
of individuals for each BMU  neuron.

To determine the best number of groups of neurons with
similar features, we  used a K-means cluster analysis and var-
ied the number of clusters k from 2 to 10. Because the method
is sensitive to the choice of the initial centroids, the process
was replicated 10 times for each value of k. We used the cosine
distance as a measure of similarity. Fig. 4 shows the results of
the median of the 10 runs of the GAP index used to identify
the number of clusters. The GAP index had a maximum value
at 4, and thus, this number was chosen as the best grouping
for the sample.

3.3.  Analysis  of  groups

After clustering, the samples for each cluster were analyzed
to obtain a main description of the groups with the signifi-
cance tests. Table 2 presents a summary of the variables in
the dataset for the three groups. The percentages of samples
in the four groups were 13.8%, 24.8%, 29.7%, and 31.7%. Vari-
ables that exhibited statistical significance (p value <0.05) in
discriminating the groups were age, maternal education, ade-
quacy of prenatal care, type of delivery, parity, sex, gestational
age, birthweight, exclusive breastfeeding, and hospitalization
during the first months of life.

Group 1 contained 139 children, most of whom were
females who were born by cesarean section. This group
had the highest proportions of prematurity (12.9%), low
birthweight (12.2%), and exclusive breastfeeding (56.8%). The
The second group (249 children) was composed exclu-
sively of girls and had the lowest proportions of prematurity

number of individuals by BMU.

dx.doi.org/10.1016/j.cmpb.2014.02.011


6
 

c
 o

 m
 p

 u
 t

 e
 r

 m
 e

 t
 h

 o
 d

 s
 a

 n
 d

 p
 r

 o
 g

 r
 a

 m
 s

 i
 n

 b
 i

 o
 m

 e
 d

 i
 c

 i
 n

 e
 

1
 1

 5
 

(
 2

 0
 1

 4
 )

 1–10

Table 2 – Characteristics of mothers, prenatal care, and children under six months of age who were  seen at basic health units in the city of Rio de Janeiro in 2007 by
group determined using a SOM algorithm.

SOM categories

Group 1 (n = 139) Group 2 (n = 249) Group 3 (n = 298) Group 4 (n = 318) p value*

Maternal age (years) (mean) 29.5 26.0 21.2 26.7 <0.001
Schooling (years) (mean) 7.5 7.8 8.4 7.9 0.008
Marital status (%) With live-in partner 89.9 88.4 83.9 85.5 0.255

Without live-in partner 10.1 11.6 16.1 14.5
HAI (mean) 1.46  1.28 1.40 1.43 0.110
Adequacy of prenatal Appropriate 57.6 62.7 54.1  62.3 0.181

Appointments (%) Intermediary 30.2 22.8 31.5 23.2
Not appropriate 12.2 14.5 14.4 14.5

Evaluation of
prenatal care (%)

Excellent 33.8 39.0 29.6 28.3 0.037

Good 48.9 46.1 46.6 48.4
Fair/poor/very poor 17.3 14.9 23.8 23.3

Type of delivery (%) Vaginal – 92.8 84.6 47.2 <0.001

Cesarean 100.0 7.2 15.4 52.8
Parity (%) Primiparous – 25.7 100.0 29.9 <0.001

Multiparous 100.0 74.3 – 70.1
Infant age (mean) 2.6 2.8 3.0 3.0 0.059
Sex (%) Male  28.1 – 50.7 100.0 <0.001

Female 71.9 100.0 49.3 –
Prematurity (%) Yes  12.9 4.8 6.4 5.3 0.010

No 87.1 95.2 93.6 94.7
Weight at birth (%) Low  (<2500 g) 12.2 6.4 9.7 6.6 0.005

Eutrophic (2500–3999 g) 82.8 90.0 88.6 85.9
Macrosomic (3>4000 g) 5.0 3.6 1.7 7.5

Exclusive
breastfeeding (%)

Yes  56.8 55.4 15.4 24.8 <0.001

No 43.2 44.6 84.6 75.2
Hospitalization (%) Yes 5.8 5.6 11.4 11.6 0.021

No  94.2 94.4 88.6 88.4
Z score for weight
for age at the time of
the survey** (%)

Low  and very low (Z < −2) 5.8 3.6 4.7  6.9 0.423

Appropriate (−2 � z � 2) 92.8 93.2 93.0 89.9
High (z > 2) 1.4 3.2 2.3  3.1

∗ ANOVA for continuous variables (with the Bonferroni correction); Chi-square for categorical variables.
∗∗ Indicator not included in the SOM formation.

dx.doi.org/10.1016/j.cmpb.2014.02.011
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4.8%), low birth weight (6.4%), and hospitalization (5.6%);
igher proportions of vaginal delivery (92.8%) and exclusive
reastfeeding (55.4%); and predominantly multiparous moth-
rs (74.3%).

Mothers in group 3 (298 children) were all primiparous
ith a lower mean age (21.2 ± 5.4 years), a higher mean

ears of schooling (8.4 ± 2.5 years), and a higher proportion of
air/poor/very poor prenatal care (23.8%). These mothers had
he highest proportion of not living with a partner (16.1%) and

 lower proportion of having an appropriate number of prena-
al visits (54.1%), although the differences in these variables
ere not statistically significant. Children in this group exhib-

ted no difference in relation to sex. In addition, this group had
he lowest proportion of exclusive breastfeeding (15.4%) and a
igh proportion of hospitalizations (11.4%).

In group 4, the children (318) were male, and they had a
igher proportion of macrosomia (7.5%). This group had the
ighest prevalence of hospitalizations (11.6%) and a breast-

eeding prevalence of 24.8%. The mothers were predominantly
ultiparous (70.1%), and there was no difference in frequency

etween the types of delivery. Group 4 had a higher propor-
ion of infants with an inappropriate weight for their age (Z
core < −2 or Z score > 2) at the time of the interview (10%) than
he other groups (mean 7%), although this difference was not
tatistically significant at the 5% level.

.  Discussion

sing a combination of SOM and K-means, we obtained four
roups with different maternal, pregnancy, labor, and infant
haracteristics in this study.

The quantization and topological errors were used to help
efine the number of neurons for the SOM. It is recognized
hat the quantization error decreases with an increasing num-
er of neurons. This trend is due to the fact that with a larger
umber of neurons, each sample tends to be closer to its BMU.
owever, a very small quantization error can affect the topo-

ogical property of the SOM [34,35]. The topological error, in
ontrast, is expected to increase with a larger number of neu-
ons, but it may have high values even for small maps. In this
tudy, we  selected a number of neurons that was a compro-
ise between both types of error, and we  chose to monitor the

umber of active neurons to preserve the original topology of
he data.

One of the advantages of using a SOM followed by the
-means technique compared with other conventional clus-
er techniques is the ability to visualize the data using the

 matrix of potential clusters, thereby obtaining an greater
nderstanding of the structure of the data to support the selec-
ion of the number of groups to be explored using K-means.
he neurons in the SOM map  can be observed as prototypes
epresenting subgroups of children [36]. The children repre-
ented by prototypes in the U matrix, grouped on the right, at
he top, in the bottom left, and in the top left, pointed to the
reation of the groups in this study.
One of the main challenges in data clustering is the def-
nition of the number of groups that will best represent the
vailable dataset. For the K-means algorithm used here to
roup the SOM neurons, we  defined a range of possible groups
 b i o m e d i c i n e 1 1 5 ( 2 0 1 4 ) 1–10 7

based on the visual clues provided by the U matrix. Addi-
tionally, this technique can provide different results due to
the random choice of the initial centroids, but the clustering
tends to converge to the optimal solution when the process is
repeated, minimizing the sum of distances within the group
[37]. Here we used 50 runs to minimize this problem.

For group formation, maternal age, parity, type of birth, sex,
and exclusive breastfeeding were the decisive descriptors in
identifying the main characteristics of each group.

The group that had the best infant indicators and childbirth
indicators was group 2: almost all births were by vaginal deliv-
ery, and there were smaller proportions of preterm births and
low birthweight and a higher proportion of exclusive breast-
feeding. Despite the prevalence of vaginal delivery in group 3,
the other indicators exhibited trends opposite those of group
2 and were worse than those of other groups. Added to these
risk factors, group 3 had the lowest average maternal age and
was composed entirely of primiparous mothers.

Younger mothers and primiparous mothers, who  do not
have previous experience with breastfeeding, tend to intro-
duce food to their children early, interrupting exclusive
breastfeeding [38]. These features were present in group 3.

Cesarean section is associated with a low birthweight [39],
prematurity [40], the delayed initiation of breastfeeding, and a
shorter duration of breastfeeding [41–43]. In group 1 identified
in this study, all infants were born by cesarean section. In addi-
tion, this group had the highest prevalences of low birthweight
and prematurity among the groups. However, this group also
had the highest rate of exclusive breastfeeding. Considering
that exclusive breastfeeding has a protective effect against
severe diseases during infancy [44–48], it may reduce the risk
of hospitalization [49]. Shiva et al. (2007), comparing the fre-
quency of hospitalization during the first six months of life
with breastfeed children, showed that the protective effect
of breastfeeding is not limited to developing countries [50].
An inverse relationship between exclusive breastfeeding and
hospitalizations was observed in groups 1 and 2, which had
the highest prevalences of exclusive breastfeeding and lower
proportions of hospitalizations. The opposite relationship was
observed in groups 3 and 4.

A result that also drew attention to group 4 was the high
prevalence of macrosomia. Fetal macrosomia can be an indi-
cation for a cesarean section [51]. In our study, we  found that
the highest rates of cesarean section and macrosomia were in
groups 1 and 4, respectively. In their study, Oliveira et al. [52]
found a proportion of macrosomia similar to that observed
in groups 1 and 4. The authors reported that the determining
factors for macrosomia were multiparity and having had male
children [52].

Regardless of the group, for every 100 children, 90 or more
had the appropriate weight for age and sex in this survey. After
the cluster analysis, we  verified the adequacy of the infant
weight at the time of the interview according to the groups
formed using the index Z score for age and sex. Although
there were no statistically significant differences, group 2 had
a lower proportion of low and very low weight for age, whereas

higher values of inadequate weight were found in group 4, fol-
lowed by group 1. The lack of statistical evidence to indicate
a difference between these proportions reinforces the idea
that while the early months of life, infants who  are small for
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gestational age (SGA) and/or who had IUGR (intrauterine
growth restriction) have more  difficulties to growth in the
beginning but later tend to follow the eutrophic growth curve
[53].

In summary, the common characteristics found by the
SOM in this study that may be associated favorably with
infant weight are good prenatal care and natural delivery
[54,55], birth at term [5], adequate birthweight [56,57], exclu-
sive breastfeeding [58], a lower frequency of hospitalization
[59], and multiparity [60,61]. These features were present in
group 2, which had the best infant and delivery indicators.

5.  Conclusions

Using a combination of the SOM algorithm and the K-means
technique for data analysis in this study, it was possible to
cluster children with similar characteristics. In addition, this
study demonstrates that artificial neural networks are an
important tool for identifying individuals with better or worse
health indicators. Using the groups identified in this study, we
can infer, based on the characteristics of a given child, con-
cerning socioeconomic aspects, prenatal and child care, the
need of a more  appropriate intervention for growth according
to each child. Groups found to have worse health indicators
may require special attention in public policies that affect
populations with similar growth profiles.
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