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ABSTRACT

Purpose: Understanding the role of nutrition in the development of children’s physical, mental, and
motor abilities. Materials/methods: Examination of visiting nurse reports on feeding habits and
perceived developmental delays in infants at 1 year of age between 2010 and 2015. Results: Between
0 and 6 months of age the lowest number of new cases (4.4/100,000) identified by health screenings can
be anticipated among the infants feeding exclusively with breastmilk. We find a similarly low number of
identifiable new cases among infants nourished with breastmilk where it is mixed with other nutrients
(4.7 new cases) while the most cases of delayed motor development can be anticipated among infants
nourished with infant formulae (48.4 new cases). Conclusions: The role of nutrition in infants’ motor
development is vital, especially breastfeeding. Regular health status checks of infants are inevitably
required for the adoption of higher-level health-policy decisions which may induce projects,
programmes, and strategies aimed at the improvement of health. Thorough documentation and
continuous collection of the pertinent data is likewise requisite.
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INTRODUCTION

Deviation from the normal course of psycho-motor development of infants and young
children has grown to become one of the very serious paediatric problems worldwide [1].
Some authors found that delays or impediments in the normal development below the age of
five may affect as many as 250 million children [2–4]. Several factors influence the age-
appropriate, healthy development, with nourishment being of key importance in the bodily,
psychical, and mental development of children [5–8].
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According to a position statement of the World Health
Organization (WHO), the starting point of healthy devel-
opment and optimal growth of children is breastmilk and,
therefore, they recommend exclusive breastfeeding from
birth until the infant reaches the age of 6 months [9]. It is
important to emphasise that breastfeeding is a beneficial
factor in the decrease of infant morbidity and mortality, and
it boosts the infants’ adaptive, cognitive and bodily devel-
opment [4, 10–12]. Several international surveys found that
the risk of delayed development of children who are
breastfed for a period longer than 6 months is significantly
lower. Such research studies prove the assumption that
the duration of breastfeeding has a positive impact on
the development of the infants’ psycho-motor skills as well
[13–16].

Information available about the correlation between
various infant feeding practices and delayed development in
early childhood is scarce [17]. The American Academy of
Pediatrics recommends validated methods and tools for the
assessment of children’s development. The success of the
questionnaires titled Parents’ Evaluation of Developmental
Status (PDS) and Ages and Stages Questionnaire (ASQ)
lies in their easy use and, in addition, in their reliability,
with a sensibility of 70–80%, as well as in their specificity
[18–21].

The aim of our present study is that we summarise and
present a correlative analysis based on the data in reports of
territorial health visitors regarding the assessment of the
relation between infant feeding practices and their motor
development with special attention paid to breastfed infants
in the age between their birth and the completion of 6
months. Furthermore, we wish to introduce the question-
naires, developed in Hungary (hereinafter referred to as
Parent Questionnaires), that are based on the observations
of the parents and to show how such questionnaires can
provide useful information on children’s development in
general and on the development on their motor skills.

MATERIAL AND METHODS

The data were collected from two sources: the Aggregated
Reports of Health Visitors for the time period between 2010
and 2015 regarding the feeding practices of infants upon
completion of their first year of age and the aggregated data
of the compulsory health screenings of infants upon
completion of their first year of age among whom certain
inadequacies in their motor development were observed
[22].

As a first step in the statistical analysis, we summarised
the data on infant nutrition and delayed motor development
for the period between 2010 and 2015, which was followed
by an analysis of the aggregated data on the database,
examining the layer-specific frequencies and 95% confidence
intervals. The possible correlations between infant feeding
habits and the changes in motor development observed by
the health visitor were determined by calculating a univar-
iate Poisson regression.

The aim of the statistical process was to find out to what
extent various nourishing practices could influence motor
development. The question whether an assumed rise in the
various nourishing practices of infants (by e.g. 100,000
cases), may or may not cause an increase or a decrease in the
motor development that is inadequate with the age of the
infants concerned was examined.

The explanatory variables used for the analysis were
given by indicators of different infant feeding habits:

➢ The number of infants nourished exclusively with
breastmilk: it means the exclusive breastfeeding of an
infant, including the administration of skimmed milk,
oral rehydration fluid, vitamins, minerals, medications in
drops and syrup.

➢ The number of infants mostly breastfed who were also
given other liquid nutrients: fluid supplementation
means that in addition to exclusive breastfeeding, water
and water-based beverages and juices are also given.

➢ The number of infants nourished with mixed nutrients:
according to the definition of mixed feeding, in addition
to breast milk, everything else is given – formula, non-
human milk, and solid foods. In the case of a mixed diet,
the proposed breakdown includes a proportion of breast
milk more than 80% and the food ingested is less than
20%.

➢ The number of infants nourished with formulae: the
infant does not receive breast milk at all, but is fed with
other food or fluids, including formula and non-human
milk [23].

The output variable was the number of the cases where
deviations from the normal course of motor development
were observed on the health screenings carried out by the
health visitors.

The regression coefficient (b) and the P-value (P) indi-
cating the significance level were marked in the correlation
table. STATA 13 program was used for the analyses.

RESULTS

The results of layer-specific frequency of infant nourishing
in Hungary during the period between 2010 and 2015
are reflected in Table 1 in regional distribution. Regarding
the proportion of infants exclusively breastfed/were given
only breast milk, the prevalence in Hungary is 35.16%
[35.02–35.31%] up to 6 months of age, according to health
visitors’ data. For the proportion of infants who are mostly
breastfed but receive fluid supplementation, the national
reference was 6.48% [6.42–6.55%]. For mixed-fed infants,
the national prevalence was 53.97% [53.83–54.10%], and for
formula-fed infants was 3.4% [3.59–3.69%].

Delays were screened and detected on the mandatory
screening at the age of 1 and included the assessment of
motor development, speech development, social develop-
ment, physical development (body leanness and malnutri-
tion), as well as visual and auditory development. 15% of
these were reported by health visitors between 2010 and
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Table 1. Distribution of the proportion of different infant feeding habits by region between 2010 and 2015

Indicator in question/Territory

Infants nourished exclusively with
breastmilk

Infants mostly breastfed with the
addition of liquid nutrients

Infants nourished with mixed
nutrients Infants nourished with formulae

Number Freq.
p

CIL CIH Number Freq.
p

CIL CIH Number Freq.
p

CIL CIH Number Freq.
p

CIL CIH

Southern Plain 17,330 28.02% 27.67% 28.38% 3,653 5.91% 5.72% 6.09% 39,465 63.81% 63.43% 64.19% 1,317 2.13% 2.02% 2.24%
Southern Trans-Danubia 17,053 37.84% 37.39% 38.28% 1910 4.24% 4.05% 4.42% 24,062 53.39% 52.93% 53.85% 2,047 4.54% 4.35% 4.73%
Northern Plain 21,689 26.77% 26.46% 27.07% 7,511 9.27% 9.07% 9.47% 45,980 56.75% 56.41% 57.09% 5,733 7.08% 6.90% 7.25%
Norhern Hungary 17,516 27.56% 27.21% 27.91% 5,358 8.43% 8.21% 8.65% 38,276 60.23% 59.85% 60.61% 2,395 3.77% 3.62% 3.92%
Central Trans-Danubia 21,678 38.71% 38.31% 39.12% 2,995 5.35% 5.16% 5.53% 29,759 53.14% 52.73% 53.56% 1,515 2.71% 2.57% 2.84%
Pest county 32,878 43.08% 42.72% 43.43% 5,568 7.29% 7.11% 7.48% 35,385 46.36% 46.01% 46.71% 2,353 3.08% 2.96% 3.21%
Budapest 40,614 43.54% 43.23% 43.86% 4,971 5.33% 5.19% 5.47% 45,125 48.38% 48.06% 48.70% 2,503 2.68% 2.58% 2.79%
Western Trans-Danubia 19,417 40.25% 39.81% 40.69% 2,101 4.35% 4.17% 4.54% 25,469 52.79% 52.35% 53.24% 1,261 2.61% 2.47% 2.76%
National frequency 188,175 35.82% 35.69% 35.95% 34,067 6.48% 6.42% 6.55% 283,521 53.97% 53.83% 54.10% 19,124 3.64% 3.59% 3.69%

CIL – Confidence interval-lower bound.
CIH – Confidence interval-upper bound.
p

Layer-specific frequency.
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2015 due to lack of motor development. It is shown in detail
in Table 2. The nationwide prevalence was 3.88%.

Based on the analysis of the possible correlations
between infant feeding and motor development, there was a
statistically significant (P < 0.001) correlation between the
changes observed in motor development and the different
infant feeding habits (Table 3).

According to the results and the interpretation of the
table, if the number of infants exclusively breastfed increased
by 100,000, the number of cases of motor development
would increase with 4.4 new cases, in infants receiving
mostly breast milk and fluid supplementation the increase
would be 33.6 new cases, 4.7 in mixed-fed infants, and
48.4 in artificially fed infants.

DISCUSSION

The development of infants is influenced by the combined
effect of many factors, however, in terms of the life stages of
complex development, the most significant changes can be
observed in the first year of life. Environmental factors
include nutrition that supports the optimal physical, mental,
adaptive, and cognitive development of the infant, as well as
its resistance to infections and diseases. For the healthy
development and growth of infants, exclusive breastfeeding
until the age of 6 months is a preventive factor [24].

During the surveyed period, 96% of the infants were
nourished with breastmilk in some quantity. Somewhat

more than one third (35.8%) was exclusively breastfed and
the majority of them was nourished with a mixed diet. Each
year, the smallest group was artificially fed infants with 3.6%.
Based on the results of the layer-specific frequency, it can be
said that the most favourable prevalence in terms of the
proportion of infants receiving exclusive breastfeeding/only
breast milk was in Central Hungary and Western Trans-
danubia, while in the Eastern parts of Hungary it was
significantly lower than the national average. The WHO has
stated that regular monitoring and accurate documentation
of exclusive breastfeeding is essential for measurement [25].

Identified delays in motor development among the
infants who had completed their first year of age showed a
national rate 3.88%. In the years of the study, there was a
decrease in the number of newly screened children with
motor delay; however, based on the average in the time
period examined, about 15% of all detected delays affected
motor development. When observing region by region
and county by county, territorial inequalities could be
found. The highest incidence was found in the Western
Transdanubia (3.82%), Southern Transdanubia (4.24%)
and Northern Hungarian regions (3.82%), while there was a
lower incidence of delayed motor development compared to
the age–appropriate development in Budapest (03.05%
[02.94–03.16%]), in Pest county (04.36% [04.21–04.50%]),
and Central–Transdanubia (3.57%) regions. In a statistical
study of the possible relationships between feeding habits
and motor development, the results of the available data
from health visitors clearly indicate the possible relationship
between the quality of infant feeding and optimal motor
development. For infants in the age between 0 and 6 months
who are nourished exclusively with breastmilk the lowest
incidence rate of delays in their motor development can be
predicted. Should the number of infants nourished exclu-
sively with breastmilk increase by 100,000, the number of
newly identified infants with delayed motor development
would be anticipated to be as low as 4.4 and the anticipated
rate of infants nourished with a mixed diet would be simi-
larly low (4.7 anticipated new cases). Among infants who
are nourished with breastmilk but also receive other liquid
nutrients, however, the incidence of delayed motor devel-
opment cases would be almost eight times more and among
those nourished by formulae would be almost eleven times
more newly identified cases compared to those nourished
exclusively with breastmilk.

Table 2. The number of cases of motor development delays during screenings at 1 year of age between 2010 and 2015

Number of infants screened
at the age of 1 year

Discrepancies identified during screenings by health visitors

Total number
of infants

Identified cases of delayed
movement development (%)

2010 91,674 22,780 3,588 15.7
2011 85,837 21,421 3,521 16.4
2012 83,099 20,045 3,207 15.9
2013 85,625 22,223 3,570 16.1
2014 80,501 20,760 2,884 13.9
2015 80,501 23,672 3,228 13.6

Table 3. Correlation of infant feeding habits with the number of
cases in the field of motor development during the examination of

health visitors at the age of 1 year

Number of cases of
inadequate movement

development

b/100 000
p

P

Breast milk exclusively 4.4 <0.001
Liquid nutrients added to breast milk 33.6 <0.001
Mixed diet 4.7 <0.001
Nourished with formulae 48.4 <0.001
p

This indicates the number of new cases of inadequate motor
development that would be identified assuming a 100,000 growth of
each respective group characterised by different types of
nourishment given to infants.
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Generally speaking, it can be established that out of the
varying nourishment practice models, it is exclusive
breastfeeding which best supports motor development and
nourishment with breastmilk in any quantity is also ad-
vantageous from the aspect of the formation of motor skills
and contributes to the age-appropriate motor development.
As reflected in the surveyed data, nourishing with a mixed
diet leads to a similarly advantageous way of development.
It can be proved statistically that the number of new prob-
lematic cases to be identified can be expected to come from
among the infants who are nourished exclusively with
formulae and, therefore, our findings also support the
public health concept that it is of utmost importance that
children are nourished with some quantity of breastmilk
every day [18].

The findings of our study as well as those of international
surveys unambiguously indicate that the possible correlation
between breastfeeding and the children’s development calls
for further tasks and research efforts. Our results corre-
spond, in part, with the international studies claiming that
breastfeeding supports the psycho–motor development of
children [14, 15], even though several international studies
reported that statistically no significant correlation could be
found [16, 26].

Between 2007 and 2011 infants of 501 mothers had been
monitored in Poland with a focus on the duration of the
time allowed for breastfeeding and it was concluded that no
significant correlation could be proved at all between the
infants’ development and the length of the time spent with
their feeding with breastmilk [16]. According to data pub-
lished by Quinn and al in 2001, follow up screening at
5 years of age with the application of the Peabody Picture
Vocabulary Test showed better scores of the cognitive
development of breastfed children [14]. The findings of a
cross section survey of the National Survey of Children’s
Health (NSCH) carried out in 2003 on a national repre-
sentative sample of children below the age of 6 proved the
correlation between breastfeeding and the motor skills of
American children beyond doubt [27]. In Korea in 2010 a
longitudinal survey was implemented which concluded that
a breastfeeding period exceeding 9 months made a beneficial
impact on the cognitive development of Korean infants [28].

In Hungary the reports of the regional network of health
visitors provides information about the health status of in-
fants and nourishing practices [17]. The health visitors in
Hungary participate in primary care and they collect data
and provide reports as required by the applicable laws and
the resulting data form one of the most credible databases of
Hungary [29]. The data collected and reported by the health
visitors make it possible that the collection of data regarding
the same indicators is carried out consistently and can be
retrieved in retrospection for several years, which makes this
database suitable for reviewing the health status of the
children between 0 and 6 years of age. Although the
aggregated data of the reports of the territorial health visitor
services are not suitable for intensive–level statistical ana-
lyses, such reports are indispensable for the revelation of
territorial inequalities [17].

The programme titled as T�AMOP 6.1.4 Primary Project
for Children of Pre-primary-school Age (0–7 years) funded
by the European Union and co–financed by the European
Social Fund brought a great improvement in the creation of
questionnaires for assessing the observations of parents
(Parents Questionnaires). The Parents Questionnaires assess
the complex development of children in 15 age-groups
between their birth and completion of the 7th year of age
focussing on motor capabilities (gross and fine motor skills),
perception, cognition, and thinking, as well as on preverbal
abilities and communication [30].

Prior to the nation-wide launching of Parents Ques-
tionnaires, their testing was carried out with the participa-
tion of 25 physicians and 25 health visitors. In the spring of
2013, during the pilot study, Parents Questionnaires were
completed about 1,596 children and paediatric screenings
of the same children were carried out simultaneously. The
answers to the questions of the questionnaire (yes 5 0,
perhaps 5 1, no 5 3) and the results of the medical
screenings (whether further medical examinations were
required or not) served as the basis for the statistical ana-
lyses, i.e. the determination of the performance indicators of
the questionnaires. During the pilot study, further medical
examinations were proposed in 101 cases and in 66 cases out
of these 101 the Parents Questionnaires also indicated the
same need, which results in a sensitivity of 65.3% [30]. A
revised and fine-tuned version of the Parents Questionnaire
was introduced in 2020 on the basis of the experience gained
from the pilot study.

A large amount of data is available regarding the devel-
opment of children based on questionnaires designed in
Hungary for recording the observations of parents, which
help not only an early recognition of inadequacies but also
contribute to the formation of a central database on the
characteristics of the development of children. Such a
database can serve as a basis for the adoption of new pro-
fessional guidelines in the management of paediatric pri-
mary care, developmental neurology, and early intervention.
In addition, the results of the validated questionnaires may
serve for various epidemiologic analyses focussing on factors
that may have an impact on the development of children.
Based on the age groups specified in the Parents Question-
naires a sensitivity of about 75% in each could be achieved
with a specificity between 70 and 80% and analyses and
studies could be carried out and prepared regularly
regarding the quality of the correlation between the devel-
opment of children and the different means of infant
nourishment.

CONCLUSIONS

Our study wishes to point out the importance of collecting
accurate and reliable data with the aim of exploiting the
data collected by health visitors, which could also serve
data analyses even on an individual level in addition to
making comparisons between various time periods and
locations – thereby enabling a continuous follow up on
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children’s health. The role of nutrition, especially breast-
feeding, is vital in the motor development of infants. Regular
health status checks of infants are inevitably required for
the adoption of higher-level health-policy decisions which
may induce projects, programmes, and strategies aimed
at the improvement of health and careful documentation
and continuous collection of the pertinent data is likewise
requisite.
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