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Abstract
Objective: To estimate the changes in the prevalence of underweight among girls
and boys living in Kraków that occurred between 1983 and 2010.
Design: The study was based on two cross-sectional surveys conducted in 1983
and 2010. The prevalence of underweight was estimated based on the
International Obesity Task Force (IOTF) and Centers for Disease Control and
Prevention (CDC) cut-off points.
Setting: The study was conducted in Kraków, Poland.
Participants: Children aged 3–18 years (n 5245).
Results: Between 1983 and 2010 the prevalence of underweight decreased in both
sexes. Using the IOTF criteria, the prevalence of underweight decreased from10·5 to
10·3 % in girls and from 8·9 to 7·5 % in boys, but it was still higher in girls than in boys.
According to the CDC criteria, this prevalence decreased from 5·1 to 4·4 % and from
5·9 to 4·6 %, respectively, and was slightly lower in girls. According to the IOTF cri-
teria, underweight prevalence increased slightly during childhood in both sexes
while according to the CDC criteria it decreased in boys and did not change in girls.
Among juveniles and adolescents, it decreased regardless of the method used.
Conclusions: The frequency of underweight in the population of children and ado-
lescents from Kraków changed slightly in 1983 and 2010 despite economic and
social changes. Depending on the cut-off points used, not only the magnitude
but also the direction of changes between series could be different. In order to
aid global monitoring, the prevalence of underweight as well as overweight should
always be evaluated by several methods.
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Over the past few decades, a dramatic increase in the
prevalence of overweight and obesity not only among
adults but also among children and adolescents has been
documented in many Western European and other coun-
tries(1–3). This caused concern among public health practi-
tioners because childhood obesity increases the risk of
obesity in adulthood(3–5).

Screening studies on the nutritional status of children
and adolescents in many populations around the world
have shown that overweight is accompanied by the other
and often overlooked problem of underweight, which also
has a negative impact on the health of the population(6,7).
Apart from an increased risk of infectious diseases, lack of
weight can also cause hair loss, hypothermia and even
osteoporosis(4). Moreover, in girls it can result in menstrual
disorders, secondary amenorrhoea and eating disorders

(e.g. anorexia). In women of reproductive age, under-
weight may contribute to adverse pregnancy outcomes,
intra-uterine growth retardation, premature birth, labour
complications and even maternal death(8).

The anthropometric index of relative body mass,
i.e. BMI, is commonly used to classify underweight (BMI
< 18·5 kg/m2)(7). Based on this index, it is estimated that
in 2014, almost 9 % of men and almost 10 % of women in
the world were underweight. This percentage has declined
considerably in the last 40 years: in 1975, the percentages
were 13·8 and 14·6 %, respectively. The phenomenon of
underweight is most common in South Asia at just over
24 %, compared with 34 % in the 1970s, whereas this
phenomenon occurs rarely in Northwest and Southwest
Europe (less than 1 % in 2014 compared with 3 %
in 1975)(9).
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Among children and adolescents, the prevalence of
underweight has not changed so rapidly in the correspond-
ing period. It is estimated that in the period 1975–2016
underweight decreased from 14·8 to 12·4 % among boys
and from 9·2 to 8·4 % among girls(8). However, when
analysing the changes in this prevalence in different regions,
one can find differences not only in the magnitude but also
in the direction of changes. In South Asia, in the same
period, the prevalence of underweight increased from
21·1 to 27·1 % among boys and from 20·5 to 26·4 % among
girls. In contrast, in Polynesia, Malaysia and Southern Africa,
it decreased sharply from about 20 to 5 %(8). In Central and
Eastern Europe, the percentage of underweight decreased
from 4% in the 1970s to 0·5 % in the year 2016, but it did
not change in Northwest and Southwest Europe(8).

In European countries, the prevalence of underweight
also fluctuated. In Spain, in 2004–2010, the prevalence of
underweight decreased from 9·5 to 8·3 % in boys and from
9·3 to 7·9 % in girls(10). In France, in 2009–2013, the preva-
lence increased from 7·1 to 7·3 % among boys and from
12·0 to 16·7 % among girls(11). In Russia, in the period
1992–1998, the percentage of underweight decreased from
9·0 to 7·7 % among boys, while among girls it almost
doubled (from 4·9 to 8·6 %)(12) (Table 1).

In Poland the prevalence of underweight is now esti-
mated at about 10% of the population of children and ado-
lescents. The highest percentage of underweight children
and adolescents (about 14%) is found in central (Łódźkie)
and western (Lubuskie Province) Poland, and the lowest
(about 9 %) in Mazowieckie (central Poland)(13). The figures
can differ significantlywhen broken down for girls and boys.
For example, in the Lubelskie Voivodeship (eastern Poland),
the prevalence of underweight among 7–20-year-old girls
between 1986 and 2006 increased from about 13 to 16%,
while among boys it decreased from 10 to 8 %(14,15). In
Łódź (the third largest city in central Poland, with about

750 000 inhabitants), between 1977 and 2004 the prevalence
of underweight among boys increased from 7·2 to 12·1%
and among girls from 11·0 to 20·2 %(16) (Table 1).

It should be noted that the observed increase in the
prevalence of underweight occurred in Poland in the period
of political transformation. The 1970s and 1980s were a
period of economic collapse in Poland(17). It was only in
the period 2002–2005 that Poland returned to a path of eco-
nomic growth which was connected with preparations for
the integration with the European Union. Polish accession
to the European Union in 2004 resulted in the opening of
borders and the intense westernization of the country(3,18).

However, the most commonly used indicator in the
assessment of underweight, overweight and obesity, i.e.
BMI, has been increasingly criticized since it is calculated
on the basis of mass and body height, so its value does
not explain which of the body components (adipose tissue,
muscle tissue, skeleton) affects the bodyweight(19). Despite
this, BMI is commonly used in epidemiological research on
populations to diagnose too low or too high body weight in
relation to body height. This is the result of the fact that the
measurement of body mass and height, which is necessary
to calculate this indicator, is simple, fast, cheap and non-
invasive as well. Techniques that accurately measure body
fat such as dual energy X-ray absorptiometry are expensive
and rarely used in clinical practice(20).

Several criteria classification of BMI have been pro-
posed according to sex and age for children and adoles-
cents, however there is not a criterion for classification of
weight status in this type of population that is universally
accepted. The most widely used criteria are those recom-
mended by the US Centers for Disease Control and
Prevention (CDC), the International Obesity Task Force
(IOTF)(21) and (slightly less frequently) the WHO(22). The
decision of determining which cut-off points to use is
always taken by researchers and clinicians(23).

Table 1 Summary of studies of changes in the prevalence of underweight in children and adolescents from different countries and regions by
the International Obesity Task Force criteria

Country/region Years Age range (years)

Change in
prevalence of
underweight
in boys (%)

Change in
prevalence of
underweight
in girls (%)

From To From To

Country Brazil(12) 1974–1997 6–18 18·3 10·6 11·4 6·5
Brazil(36) 2005–2011 7–14 2·1 1·7 3·1 4·0
China(12) 1991–1997 6–18 16·9 14·4 12·0 11·5
France(11) 2009–2013 9–16 7·1 7·3 12·0 16·7
Russia(12) 1992–1998 6–18 9·0 7·7 4·9 8·6
USA(12) 1971/74–1988/94 6–18 5·2 3·6 5·0 3·0

Region China, Xiamen(34) 2009–2015 5 5·7 2·2 5·3 1·7
China, Shandong(7) 1985–2010 7–18 18·2 9·8 23·5 15·1
Poland, Lubelskie Voivodeship(15) 1986–2006 7–20 10·0 8·0 13·0 16·0
Spain, Cuenca Province(10) 2004–2010 8–11 9·5 8·3 9·3 7·9

City in Poland Warszawa(49) 1971–2005/06 7–18 7·9 6·4 10·4 13·9
Łódź(16) 1977–2004 7–19 7·2 12·1 11·0 20·2
Kraków (present study) 1986–2010 3–18 8·9 7·5 10·5 10·4
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The aim of the present study was to determine the
changes in the prevalence of underweight among 3–18-
year-old girls and boys living in Kraków that occurred
between the populations examined in 1983 and 2010. In
addition, differences in the prevalence of underweight were
analysed depending on the cut-off point used: CDCor IOTF.

Materials and methods

Participants
The children and adolescents analysed in the present study
were included in a cross-sectional survey conducted in ran-
domly selected kindergartens and schools in Kraków,
Poland, in 2010. This city is one of the biggest in Poland
(second most populated with almost 800 000 inhabitants)
who are a good representation of the Polish population
from other big cities.

The analysis comprised 5245 children (2579 boys and
2666 girls) aged 3–18 years. The cohort was a representation
of each of the four traditional residential districts of Kraków.
In order to provide a representative sample, the selection of
units for testing (schools and classrooms) was determined at
random. All types of schools were taken into account
(kindergarten, primary school, secondary school, basic
vocational school, technical school, high school), as well
as their location in Kraków. All analysed schools and kinder-
gartens of Kraków were chosen by two-stage lottery, using
the urn randomization without replacement method.

The 2010 examinations were conducted according to the
procedures in force, i.e. with the consent of the Bioethics
Committee at the Regional Medical Association in Kraków
(No. 26/KBL/OIL/2007) and the consent of children’s
parents or their legal guardians. The calendar age of the par-
ticipants, calculated as the difference between the date of
the survey and the birth date, expressed as a decimal frac-
tion, was a basis for classifying them as one of sixteen age
groups, e.g. the participants aged 5·00–5·99 years were in
the group of 5·5-year-old children.

The data from the 2010 survey series were compared
with the results from the previous survey series conducted
in the year 1983. The sample size of the previous series was
6261 (3125 boys and 3136 girls)(24). These studies were car-
ried out under the project titled ‘The Child of Krakow’. The
aim of these studies was to monitor the level of develop-
ment of children and adolescents from Kraków. This
research, similarly to 2010, was conducted in randomly
selected kindergartens and schools. The measurements
were made in the same way as described below.
Moreover, the composition of research teams remained
almost the same as in 2010.

Measurements
All the survey series were conducted by a team of academic
researchers of the Department of Anthropology and
Department of Physiotherapy at the University School of
Physical Education in Kraków. The measurements were

taken according toMartin’s technique(25) using a set of tools
made by the Swiss manufacturer Sieber Hegner Machines
SA. For the measurements, the participants removed their
shoes, emptied their pockets and wore light indoor cloth-
ing. Height was measured to the nearest 0·1 cm. In the 2010
survey series, Body Composition Analyzer scales, type
BC-418 MA (Tanita, Japan), were used to measure body
weight to the nearest 0·01 kg. With this measurement
BMI was calculated as weight/height2 (kg/m2).

BMI classification
The estimations of the prevalence of underweight were
based on the cut-off points of the IOTF(26) and CDC(27)

values. The IOTF cut-off points for overweight and under-
weight were developed using the data from nationally rep-
resentative surveys that were implemented from 1963 to
1993 in six high- and upper-middle-income countries
(200 000 children in Brazil, Great Britain, Hong Kong, the
Netherlands, Singapore and the USA). Regression
procedures were used to create smoothed BMI curves that
generated adult cut-off points for underweight of 3, 2 and 1
grade of 16, 17 and 18·5 kg/m2, andwere extrapolated back
to appropriate age of childhood. Reference values are
given in 6-month intervals(26,28,29).

The CDC growth charts were developed on the basis of
data from five nationally representative surveys in the USA
from 1963 to 1994 (∼30 000 children)(29). In the CDC
scheme, BMI values below the 3rd percentile and between
the 3rd and 5th percentile were taken as criterion for
underweight(13,27).

Age groups
In a detailed analysis, children and adolescents were
divided into three age groups according to Bogin and
Varia(30) as follows:

1. childhood (including boys and girls aged 3–6 years);
2. juvenile (including boys aged 7–12 years and girls aged

7–10 years); and
3. adolescent (including boys aged over 12 years and girls

aged over 10 years).

This classification is the result of the difference in the tempo
of maturation(30).

Statistical analysis
In order to determine the underweight tendency, the series
from 2010 was compared with that from 1983. The statisti-
cal significance of differences was assessed by the χ2 test.
The statistical analyses were made using the statistical soft-
ware package Statistica version 12·0.

Results

Supplemental Table S1 (see online supplementary
material) presents the prevalence of underweight among
boys from the two series of studies. The prevalence of
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underweight in boys decreased in almost all age groups
between 1983 and 2010 regardless of the cut-off points
used. Using the IOTF criteria the frequency of underweight
decreased from 8·9 to 7·5 % (by 1·4 percentage points (pp))
and according to the CDC criteria from 5·9 to 4·6 %
(by 1·3 pp). The biggest decrease in the prevalence of
underweight was found in 9·5-year-olds. In this age group,
the frequency of underweight estimated by the IOTF
method decreased from 13·2 to 4·0 % (about 9 pp) and
by slightly over 8 pp according to the CDC method (from
9·3 to 0·9 %). The exceptions were children aged 5·5,
11·5 and 16·5–18·5 years, where an increase in the preva-
lence of underweight was found, the highest being in boys
aged 16·5 years. In the last group, the prevalence of under-
weight increased from 4·1 to 12·4 % (8·3 pp) according to
the IOTF and from 4·5 to 12·4 % according to the CDC
(7·9 pp). For the boys from the 1983 series the percentage
of underweight estimated by the IOTF method was 3 pp
higher compared with the CDC method and was respec-
tively 8·9 % v. 5·9 %. A similar situation took place in a series
of surveys from 2010 where the difference in percentages
calculated using the two methods was 2·9 pp and these
rates were respectively 7·5 % v. 4·6 %.

Supplemental Table S2 (see online supplementary
material) shows the results of the underweight prevalence
of girls from the two series of studies. The underweight
prevalence determined by the IOTF cut-off decreased from
10·5 % in 1983 to 10·4 % in 2010, but if the CDC criteria were
used, it decreased from 5·1 to 4·4 %. It seems that the
decrease was less than it was in the case of the boys, i.e.
by 0·1 pp from the IOTF criteria and 0·7 pp from the CDC.
Analysis of the results obtained in individual age groups
showed that in the girls aged 3·5–7·5 years (with the excep-
tion of 6·5-year-old girls) and in girls from 15·5 years, the per-
centage of those with underweight increased between 1983
and 2010. In the remaining age groups, the percentage of
underweight children decreased. The biggest decline in
the prevalence of underweight was found in 11·5-year-olds.
In this age group, the underweight frequency according to
the IOTF decreased from 20·3 to 9·6 %, while according to
the CDC it decreased from 8·5 to 2·8%, so it was respectively
about 11 pp and 6 pp lower in 2010 than in 1983. Similar to
the boys, the percentage of underweight girls estimated using
the IOTF criteria was nearly twice as high as using the CDC
criteria from both 1983 and 2010. In conclusion, it was found
that according the IOTF criteria, the prevalence of under-
weight in girls was higher than in boys; on the other hand,
using the CDC criteria it was shown that the prevalence of
underweight in girls was slightly lower than in boys.
Regardless of themethod used, a reduction in the prevalence
of underweight between the series of studies was showing.

Tables 2 and 3 show the prevalence of underweight in
1983 and 2010 among girls and boys in the age ranges pro-
posed by Bogin and Varia(30). Analysis in age groups
showed that in boys, the frequency of underweight
estimated using the IOTF cut-off increased slightly among T
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children from 9·4 % in year 1983 to 10·0 % in year 2010,
while it decreased among juveniles from 11·0 to 6·9 %
and among adolescents from 6·7 to 6·6 %. Using the CDC
criteria showed in boys that the prevalence of underweight
decreased among children from 5·5 % in 1983 to 4·7 % in
2010 and among juveniles from 6·7 to 4·0 %, but among
adolescents it did not change. There was a statistically sig-
nificant decrease in the prevalence of underweight only in
the group of boys aged 7–12 years using both the IOTF and
CDC criteria (P < 0·004; Table 2, Fig. 1). A similar trend was
found among the girls. Between years 1983 and 2010, in
childhood, the prevalence of underweight increased from
6·9 to 8·6 % when using the IOTF criteria and no changes
were found when using the CDC criteria. Among juveniles
and adolescents, regardless of the method used, the fre-
quency of underweight decreased. According to the
IOTF cut-off, the prevalence of underweight decreased
in juveniles from 11·9 to 10·2 % and in adolescents from
11·3 to 11·2 %. According to CDC criteria, the frequency
decreased in juveniles from 7·0 to 4·4 % and in adolescents
from 4·7 to 4·5 % (Table 3, Fig. 2). As in the case of boys, the
largest change in the percentage of underweight girls was
observed in the juvenile period, and the greater and sta-
tistically significant change in the examined period was
found when using the CDC criteria (P < 0·022). The small-
est differences between the series of surveys took place in
the group of the oldest girls regardless of the method of
underweight evaluation (Fig. 2).

Discussion

The analysis of changes in the prevalence of underweight
in the Kraków children and adolescents showed that from
1983 to 2010 the prevalence decreased slightly. Among
boys, regardless of the method used (CDC, IOTF), the
decrease in the prevalence of underweight was just over
1 pp. In girls, using the CDC method, the prevalence ofT
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underweight decreased by almost 1 pp. According the
IOTFmethod, it was lower by only 0·15 pp. After separating
the age groups, it was shown that the prevalence of under-
weight among boys and girls, determined using the IOTF
cut-off points, increased during childhood, while in the
juvenile and adolescence periods it decreased. Using the
CDC method, the prevalence of underweight in boys and
girls decreased in almost all age groups. The biggest
differences between 1983 and 2010 were found among
boys and girls in the juvenile period.

The end of the 20th century saw a clear increase in the
prevalence of overweight and obesity among adults, chil-
dren and adolescents in the USA and many Western
European countries, becoming an important public health
problem(31,32). As a result, the problem of low body
mass in relation to height was somewhat overlooked,
although overweight and underweight are often co-occur-
ring even within one family(33). Further studies have shown,
however, that the phenomenon of child malnutrition is a
significant problem, especially in developing countries. Its
consequence, underweight(7,34), contributes to the develop-
ment of osteoporosis, growth disorders and pubertal
disorders(33).

Pilot studies estimating the prevalence of underweight
among children predicted that from 1990 to 2015 it would
decrease in the world from over 26 % to almost 18 %. Small
changes were to take place in developed countries (a fall
from 1·6 to 0·9 %), while in developing countries the drop
in the prevalence of underweight was predicted to be from
more than 30 % to about 20 %(35). Based on information
from over 200 countries and areas, it has been shown that
changes in the prevalence of underweight in children and
adolescents between 1975 and 2016 were lower than fore-
cast. The prevalence of underweight among girls had
decreased from 9·2 to 8·4 % and among boys from 14·8
to 12·4 %. As predicted, the largest decrease in that period
occurred in developing countries – Micronesia, Polynesia

and Southern Africa. In South Asia, however, the preva-
lence of underweight increased, from 20·5 to 26·4 % among
girls and from 21·1 to 27·1 % among boys, whichmay be the
result of a rapid increase in population in this area(8). This
direction of change, however, was not characteristic for all
the regions on this part of the continent. In eastern China,
between 1985 and 2010, the prevalence of underweight
was found to have decreased both in boys and girls(7),
and a similar trend in this region was found between
2009 and 2015(34). The authors of that research explain
the negative trend by an improvement in living conditions,
especially among young women, whom, thanks to this, are
more likely to breast-feed their babies and later are able to
provide proper nutrition(34).

A decrease in the prevalence of underweight was also
found in the countries of North and South America. In
Brazil, between 1974 and 1997, among 6–18-year-old
children and adolescents, this prevalence decreased from
almost 15 % to about 9 %, which was the result of improve-
ments in the material condition of the population. The
beginning of the 20th century brought a further decline
in the prevalence of underweight in that country and the
trend continued in the following years(36). In the USA over
a similar period, the prevalence of underweight decreased
from about 5 % to about 3 %(12,37).

In Europe, changes in the prevalence of underweight in
individual countries have also occurred in different directions.
In France, in 2006–2013, the prevalence increased from 7·1 %
in boys and 12·0 % in girls to 7·4 and 16·7 %(11), respectively. A
similar trend was found in Spain in 1992–2004, but in sub-
sequent years (2004–2010) the prevalence decreased(10,38).
An increase in the prevalence of underweight was also found
in Sweden, Greece(33) and Portugal(39). In Tuscany, however,
this figure decreased in 2000–2006(40), and in Great Britain in
the years 1998–2006 it was fluctuating(10).

In Russia in the years 1992–1998, just after the collapse
of the Soviet Union and the Eastern European bloc, the
prevalence of underweight increased from 6·9 to 8·1 %. It
was the result of a decline in gross domestic product
(GDP) during 1990–1997 in that country by over 50 %, a
progressive barter exchange, unstable budgetary con-
straints and, as a result, a financial crisis of the state(41).
In the Czech Republic, the prevalence of underweight in
the same period did not change(33).

In Poland, the analysed period was a time of rapid
changes and socio-economic transformations. In the 1980s,
the economy collapsed. As a result, the average annual
GDP growth in the same period was only 0·5 %(17,42). The
next decade also started with an economic crisis (GDP in
1990 fell by 8% and in 1991 by another 7 %; in 1989 the
GDP per capita was about $US 7700/year) which was
caused by the costs of socio-economic transformation(18,42).
However, in the years 1992–1994 the average annual GDP
growth in Poland amounted to almost 4 %, and in the years
1995–1997 it was almost 7 %. The abandonment of economic
reforms in the late 1990s contributed to a decline in GDP to
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Fig. 2 Percentage changes in the prevalence of underweight,
according to the International Obesity Task Force ( ) and
Centers for Disease Control and Prevention ( ) criteria,
between the two surveys (1983 and 2010) in girls aged
3–18 years by age group, Kraków, Poland
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2%, but in subsequent years (2002–2005) internal demand
increased, and intensive preparations for integration with
the European Union brought Poland back to a path of eco-
nomic growth, with GDP per capita in 2010 exceeding $US
18 000(42–44). The socio-economic transformation in Poland
was also reflected in other measures of well-being, e.g. real
minimum wages showed systematic growth from $US 4000/
year in 1992 year to near $US 9000/year in 2010(45). However,
the unemployment rate varied significantly in the analysed
period. In 1990 it was about 6 %, and then increased until
1993, when it amounted to 16%. The beginning of the
21st century brought another increase in unemployment
up to 2002, when it amounted to almost 20%. In 2010, the
unemployment rate was about 10%(46).

Despite such rapid and dynamic socio-economic
changes in Poland, it was shown that the prevalence of
underweight among Cracovian children and youth
decreased only slightly during that period (1983–2010).
This may indicate that economic changes in the country
had not contributed to the rapid impoverishment of society,
and the improvement of material conditions and the emer-
gence of a new social class of affluent people concerned
only a small group in the population(14). The lack of
changes in the prevalence of underweight may also be
the result of the fact that the research was conducted
among students of schools in the city which is the second
largest city in Poland. Poverty that may result in the increase
in the prevalence of underweight is a more frequent phe-
nomenon in rural areas with a low degree of urbanization.
These are areas with a low number of workplaces and a
large part of the population remains unemployed. In addi-
tion, people living in poorly urbanized areas are character-
ized by a lower level of education, hence their considerably
lower incomes. Undoubtedly, also the family structure
(many children) in poorly urbanized areas may contribute
to the increase in poverty, which may result in a higher
prevalence of underweight(47,48). A similar phenomenon
was found in Warsaw adolescents between 1971 and
2006. In Warsaw (the capital of Poland; 1·7 million inhab-
itants) the prevalence of underweight decreased in boys
from 7·9 % in 1971 to 6·4 % in 2006, but in girls increased
from 10·4 to 13·9 %(49). We suppose that the changes
observed in girls could be the result of the westernization
process observed also in our research. In Łódź between
1977 and 2004 the prevalence of underweight among boys
increased from 7·4 to 12·1 % and among girls from 11·0 to
20·2 %(16). The increase in percentage of underweight
among children from Łódź could be explained by the
failure of the textile industry after 1989, resulting in high
unemployment figures in this region (16 % unemployment
in Łódź in 1995, while in Kraków it was 6 %)(46).

On the basis of the obtained results, it was additionally
found that in both 1983 and 2010 the prevalence of under-
weight, determined bymeans of the cut-off points proposed
by the IOTF, was higher among girls than among boys, but
using the CDC method, it was found that the prevalence of

underweight among girls and boys was similar. In child-
hood, the prevalence was higher in boys than in girls,
whereas in the juvenile and adolescence periods it was
higher among girls, which corresponds to results obtained
in other regions of Poland(15,49,50). A similar trend was also
found in many European countries and on other continents.
In France, the problem of underweight concerned boys
during childhood and early adolescence. In girls, the preva-
lence of underweight increased with age and affected late
and early adolescents(11). Also, in Tuscany (Italy), the preva-
lence of underweight among children and adolescents
increased with age and was higher in girls, especially in
the older age groups(40). A similar trend was observed in
Ukraine(47), Bulgaria(19), Sweden(51), Japan(4), China and
Hong Kong(7), and Brazil(52). Higher prevalence of under-
weight in older age groupswas also found in Russia, but this
prevalence was higher among boys(12,39).

The reported higher prevalence of underweight in girls
than boys is most likely the effect of westernization
observed in many countries, which caused a change in life-
style, canons of the optimal body frame, and mass media
pressures on contemporary women to have an unrealisti-
cally slim figure(53). Westernization usually brings stabiliza-
tion or even a decrease in the prevalence of overweight
among girls and the process of their slimming has been
observed in many European countries. This phenomenon
was recorded in Switzerland(54), the Czech Republic(55),
Lithuania(53) and in our own research(56).

The growing prevalence of underweight, especially
among girls in older age groups, may paradoxically be a
result of preventive measures aimed at reducing the per-
centage of children who are overweight. It turns out that
those with normal body mass are more responsive to pre-
ventive measures promoting weight loss, and their actions
may often lead to underweight(31). It is perhaps also related
to the fact that girls more often than boys, under the influ-
ence of environmental factors, undertake even occasional
pro-health activities(57,58). It should also be added that
parents of underweight children often perceive them as chil-
dren with normal body mass. Moreover, insufficient body
mass is more often accepted and preferred by daughters
than by sons(59). Some researchers link the increase in the
prevalence of underweight to earlier puberty. This period
is associatedwith changes in the body structure and compo-
sition(19,33). In our own research, this phenomenon could be
an additional element conducive to an increase in the preva-
lence of underweight in older age groups of girls. Both girls
and boys from the 2010 series showed the signs of pubertal
development earlier than children from the 1983 series(56,60).

Analysis of the prevalence of underweight by the two
methods showed that these frequencies were higher using
the cut-off points proposed by the IOTF than those pro-
posed by the CDC. Similar results were obtained in
Ukraine(47). In Iran, there were also significant differences
in the prevalence of underweight when using two different
criteria for its assessment (CDC v. 5th percentile)(61).
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Therefore, the selection of an appropriate method to assess
underweight in children and adolescents becomes a signifi-
cant problem during screening tests.

Our study reportedmore cases of underweight using the
IOTF method compared with the CDC method. One of the
reasons for these differences is the fact that the IOTF
method includes three degrees of underweight (BMI of
16, 17 and 18·5 kg/m2)(62) while in the CDC method there
are only two levels (below the 3rd percentile and between
the 3rd and 5th percentiles).

Differences in the approach to determining the cut-off
points and the number of levels of adiposity result in
differences in the number of children with underweight
depending on the method adopted. For example, in
11·5-year-old girls, the numbers of underweight girls deter-
mined by the IOTF and CDC methods were twenty and
forty-eight in 1983, and twenty-one and six in 2010, respec-
tively. In this group, three levels of underweight in the IOTF
method include BMI values from 13·15 to 15·32 kg/m2. In
the CDC method, two levels of thinness are in the range
13·94 to 14·45 kg/m2. Therefore, the range for the CDC
method is narrower and a smaller number of children
qualify for the underweight group.

The problem of overestimation of the prevalence of
underweight in children with the IOTF method in relation
to CDC was also noted by Tuan and Niklas(29). The total dif-
ference in the prevalence of underweight among children
and adolescents from China, Indonesia and Vietnam was
respectively 6, 10 and 13 pp in boys and 10, 13 and 19 pp
in girls. In a study conducted by Partap et al.(63) in children
aged 6–18 years from Malaysia using three methods (i.e.
CDC, IOTF and WHO), differences were noted due to the
assumed BMI references. The highest percentage of under-
weight was observed using the IOTFmethod at 13·1 % (CDC
7·9 % and WHO 4·6 %). These differences occurred in both
boys and girls, and were, respectively: in boys (12·7 pp,
9·4 pp, 5·5 pp) and in girls (16·0 pp, 7·9 pp, 4·3 pp).

In our study, despite the differences in the number of
underweight children and regardless of the method used,
the trend was maintained in most age groups. Our analysis
of the trend of the occurrence of underweight indicated
differences in the size of changes depending on the cut-
off points used. It indicates that in the assessment of the
trend, the adopted method of underweight evaluation is
less important than in the case of determining the occur-
rence of malnutrition among children and adolescents.
However, using various methods and various cut-off points
is a problem in global monitoring of the prevalence of
underweight as well as in tracking national trends.
Therefore, we postulate that the prevalence of under-
weight should always be evaluated by several methods.

The significance of the present report is that the study
includes two series of children and adolescents measured
in Kraków in the same districts and by the same team.
Additionally, our centre was the first which presented
changes in the frequency of underweight estimated based

on two independent methods. Our study has a few limita-
tions. First is the type of study (not longitudinal). Second,
the possibility of potential selection bias cannot be ruled
out in a cross-sectional study spread across time and
region. However, we tried to minimize the sampling bias.
We compared individuals of same age group entering sim-
ilar standards at two different points of time.We selected all
students from randomly selected sections of a standard,
with a 100 % response rate from the first series (1983)
and about 85 % from the second one (2010).
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