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Abstract

Background: Although evidence suggests that obesity track well from childhood to adolescence, most of the
research has been done in Western and high-income countries. Moreover, most of the studies have tracked body-
mass index, as a proxy of nutritional status, while tracking characteristics of circumferences and skinfold thicknesses
have been less studies. Therefore, the main purpose of the study was to explore tracking characteristics of complete
anthropometric data from childhood to adolescence.

Methods: This sub-study was part of the Czech ELSPAC study. In the present 8-year longitudinal study, we collected
information from pediatrician’s medical records at the ages of 8 y (n=2888), 11y (n=1065), 13y (h=811)and 15y
(n=974), including circumferences (head, chest, waist, hips, and arm), indices (body-mass index, waist-to-hip ratio
and waist-to-height ratio) and skinfold thicknesses (biceps, triceps, subscapula, suprailiaca, thigh and the sum of 5
skinfolds). Participants were recruited from the two selected regions of the Czech Republic (Brno and Znojmo). Linear
generalized estimating equations were conducted to analyze tracking patterns over an 8-year follow-up period for all
anthropometric measurements.

Results: Tracking coefficients were moderate to strong, ranging from 0.40 to 0.62 for circumferences, 0.41 to 0.74 for
indices and 0.72 to 0.86 for skinfolds. According to body-mass index and waist circumference standards, overweight/
obese children and children with abdominal obesity at the age of 8 y were 11.31 (95% Cl=8.41to 15.22, p<0.001)
and 10.73 (95% Cl=7.93 to 14.52, p<0.001) more likely to remain overweight/obese and to have abdominal obesity
atthe age of 15 .

Conclusions: Findings show moderate to strong tracking of anthropometric characteristics, i.e. circumferences track
moderately well, while strong tracking for indices and skinfold thicknesses is observed. Moreover, strong tracking of
general overweight/obesity and abdominal obesity between ages 8 y and 15y indicates that the detection of these
risk factors at the beginning of primary school should be advocated.
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Background
Childhood obesity has become a global public health
challenge and one of the fastest growing non-transmis-
: sible problem [1-3]. Estimates suggest that the preva-
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continue to plateau in high-income countries [3], the
rising proportion of overweight and obese children con-
tinued to increase in most European countries, with the
highest prevalence in middle and southern European
countries [5]. In Czech Republic, it has been shown
that the prevalence of overweight and obesity appears
to rapidly increase, being between 20 and 30% in 11- to
15-year-old children and adolescents [6, 7]. Previous evi-
dence shows, that being overweight or obese in child-
hood leads to health-related consequences later in life,
including premature mortality [8] and higher prevalence
of cardiovascular and metabolic diseases [9].

The tracking is most often defined as: (1) “a tendency of
individuals to maintain their rank within a certain group
over a period of time” [10] and (2) “the ability to predict
future observations based on earlier values” [11]. It has
been documented, that overweight and obesity (predom-
inantly measured by body-mass index) track well from
childhood to adolescence [12-20] and in some stud-
ies also into adulthood [21-26]. In general, a systematic
review by Singh et al. [24] has shown that overweight and
obesity moderately track from childhood to adulthood.
However, there is still a paucity of studies investigating
tracking of weight status during childhood and adoles-
cence [27]. Also, the comparison of studies is compli-
cated by differences in study design, definition of obesity
and analytical methods used [28]. Most of the previous
studies have used intraclass [15, 17] or Pearson product-
moment correlations [12, 13, 22] and odds/risk ratios [14,
16, 18] to determine the magnitude of tracking during a
follow-up period. In recent years, more appropriate sta-
tistical methods have been developed and integrated to
explore the tracking characteristics of anthropometric
data. For instance, only a few studies on the same topic
have used generalized estimating equations to calculate
a tracking coefficient [16, 29] with a premise that the
baseline measurement value is regressed on the entire
follow-up development of that specific variable from the
other measurements. The obtained beta coefficient is
called ‘the tracking coefficient’ and ranges between 0 and
1, with 1 indicating perfect tracking and 0 indicating no
tracking. Such method was introduced by Twisk [30] in
order to analyze longitudinal data. Generalized estimat-
ing equations may be superior statistical methods for cal-
culating the tracking characteristics, since the procedure
assumes that the cause of missing data is missing at ran-
dom and treats missing values as missing [31]. Although
much of the research has been conducted in high-income
and predominantly Western countries [12], only a limited
data are available for middle- or low-income countries
and countries from the former Soviet Bloc (like the Czech
Republic). Furthermore, to the best of our knowledge,
no study has simultaneously investigated the tracking of
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circumferences, indices and skinfold thicknesses from
childhood to adolescence.

The present study focused on the tracking of circum-
ferences (head, chest, waist, hips, and arm), indices
(body-mass index, waist-to-hip ratio and waist-to-height
ratio) and skinfold thicknesses (biceps, triceps, subscap-
ula, suprailiaca, thigh and the sum of 5 skinfolds) from
childhood to adolescence among Czech schoolchildren
who entered primary school in the school years 1999 and
turned 15 years of age in the school years 2006. Several
previous studies have highlighted two critical periods for
developing obesity; around the age of 7 y and adolescence
[32-34]. Thus, the analysis includes the measurements at
the ages of 8 y, 11 y, 13 y and 15 y. We used longitudinal
data to investigate: (i) tracking coefficients of circumfer-
ences, indices and skinfold thicknesses and (ii) to which
extent overweight and obese children at the age of 8 y
stay overweight and obese at the age of 15 y.

Methods

Study participants

Study data were derived from the Czech part of the
ELSPAC study, a prospective birth cohort study carry
out in the Czech Republic. The ELSPAC study investi-
gated the effects of biological, psychosocial, economic
and environmental factors on pregnancy, delivery and
subsequent child’s development and health. The Czech
part was approved for adherence to ethical guidelines
by the Scientific Council of Masaryk University. The
Czech cohort targeted the entire population of births
in Brno and Znojmo regions of Czechoslovakia (now
Czech Republic) between March 1, 1991, and June 30,
1992. The participation rate of invited pregnant women
was 96%. All participating women provided written
informed consent. The mother—child pairs were fol-
lowed mainly by health records, examinations, and self—
reported questionnaires completed by parents and later
on by the children themselves. A total of 4811 mothers
completed first self-reported postnatal questionnaires.
Additional details about the study have been published
earlier [35]. We based our data on pediatrician’s medical
assessments at the ages of 8 y (n=2888), 11 y (n=1065),
13 y (n=811) and 15 y (n=974). Pediatrician’s medical
records included height, weight, circumferences (head,
chest, waist, hips and arm) and skinfolds thicknesses
(biceps, triceps, subscapula, suprailiaca and thigh). Prior
the study, the pediatricians who evaluated the children
were all instructed of how to conduct the anthropometri-
cal measurements. During the project, the same pedia-
tricians were able to measure the children, according
to their place of residence. In addition, socioeconomic
status of the participants was represented by a one-item
variable including maternal educational level at the time
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of pregnancy with three categories: 1) elementary, 2) sec-
ondary and 3) university.

Anthropometric data

Height and weight were objectively measured using sta-
diometer and digital scale with a precision of 0.1 cm
and 0.1 kg. Circumferences were measured using a non-
stretch (plastic) measurement tape (in cm) as follows:

(1) Head—the tape was placed on the widest part of
the head, 1 cm above the eyebrows.

(2) Chest—the tape was placed on the skin at the level
of the middle of the sternum (breastbone), pass-
ing under the relaxed arms in the position parallel
to the floor. The result was recorded at the end of a
normal expiration.

(3) Waist—the tape was placed horizontally midway
between the lower rib margin and the iliac crest at
the end of normal expiration for each participant
while standing still.

(4) Hips — while the participant was standing still with
the arm relaxed at the side, the tape was placed at
the widest level parallel to the floor at the point of
measurement, over the trochanters.

(5) Arm — the tape was placed parallel to the floor at
the mid-point between the bony protrusion on the
shoulder and the point of the elbow.

Indices included body-mass index, waist-to-hip ratio
and waist-to-height ratio. Body-mass index was calcu-
lated by dividing weight in kg with height in m? [weight
(kg)/height(m)?]. To define overweight/obese according
to body-mass index and waist circumference, the 85"
and the 95" body-mass index and waist circumference
for age, the Centers for Disease Control and Preven-
tion reference percentiles were used.>® Waist-to-hip and
waist-to-height ratios were calculated as waist circum-
ference (in cm) divided by the hip circumference (in cm)
and height (in cm).

Skinfold thicknesses were measured using John Bull
skinfold caliper (in mm) as follows:

(1) Biceps—the landmark was located at the level of
the mid-point between the lateral edge of the acro-
mion process and the radiale (elbow joint), on the
mid-line of the front surface of the arm. The arm
was relaxed with the palm of the hand facing for-
ward.

(2) Triceps—the landmark was located at the level of
the mid-point between the lateral edge of the acro-
mion process and the radiale (elbow joint), on the
mid-line of the back surface of the arm. The arm
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was relaxed with the palm of the hand facing for-
ward.

(3) Subscapula—the landmark was placed at the lower
angle of the scapula, and the natural fold of the skin
was pinched at about 45 degrees.

(4) Suprailiaca — the landmark was placed at the inter-
section between the spinale and the horizontal line
at the level of the iliac crest.

(5) Thigh — the landmark was placed at the midpoint
of the surface of the thigh, between the patella and
the crease at the top of the thigh.

(6) Sum of 5 skinfolds — the sum of biceps, triceps,
subscapula, suprailiaca and thigh skinfold thick-
nesses.

Data analysis

Basic descriptive statistics of the study participants
are presented as mean and standard deviation (SD). To
reduce the skewness of the skinfold thickness distribu-
tions, we log-transformed all skinfold variables. Differ-
ences between untransformed and log-transformed were
only trivial (-0.12 to 0.14), so the data for untransformed
variables are presented. Tracking of circumferences, indi-
ces and skinfold thicknesses at the ages of 8y, 11y, 13 y
and 15 y was assessed using linear generalized estimat-
ing equations with exchangeable working correlation
matrix structure in all analyses. To describe the magni-
tude of tracking, the baseline values (the age of 8 y) were
regressed on the entire follow-up data from the age of
11 y to the age of 15 y. The obtained beta coefficient is
interpreted as the tracking coefficient [30]. The coeffi-
cient ranges between 0 and 1, where 1 indicates perfect
tracking and O indicates no tracking. To evaluate the
tracking of overweight/obesity over an 8-year follow-up
period, we used odds ratios (ORs) with 95% confidence
intervals (95% CI) derived from the binary logistic gener-
alized estimating equations. For the purpose of tracking
overweight/obesity and abdominal obesity (derived from
body-mass index and waist circumference), participants
were grouped into normal weight (<85 percentile) and
overweight/obesity (>85" percentile) [36]. Body-mass
index and waist circumference categories (<85%"-nor-
mal weight, 85%-<95% overweight and> 95"—obesity)
were cross-tabulated and the percentages are shown for
each year of measurement. In general, no significant dif-
ferences were found in the study variables between sexes,
so the sex-specific analyses were not included in our final
models. Two-sided p-values were used, and significance
was set at « <0.05. All the analyses were calculated in Sta-
tistical Packages for Social Sciences v.23 (SPSS, Chicago,
IL, United States).
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Results

The number of children involved in all 8-year measure-
ments changed slightly, including 888 at the age of 8 y;
1065 at the age of 11 y; 811 at the age of 13 y; and ended
with 974 at the final assessment. Average values for cir-
cumferences, indices and skinfold thicknesses are pre-
sented in Table 1. Values for circumferences gradually
increased, while an increase, a stagnation or a decrease

Table 1 Descriptive statistics of the study participants
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for other study variables during the follow-up period
were observed. Of note, most mothers completed sec-
ondary education (35.0%), followed by primary education
(28.4%) and university (16.2%). Approximately 20.0% of
collected questionnaires had missing values.

Table 2 shows tracking coefficients for circumferences,
indices and skinfold thicknesses derived from general-
ized estimating equations. In general, tracking coefficients

Study variables Year 8 Year 11 Year 13 Year 15 p-value
Circumferences Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Head (cm) 52.1(2.3) 53.8(1.7) 544 (2.5) 54.6 (3.8) <0.001
Chest (cm) 622 (4.6) 72.1(6.7) 793 (6.8) 84.1 (6.0) <0.001
Waist (cm) 57.9(5.8) 63.8(7.2) 69.8 (7.7) 70.5 (6.9) <0.001
Hips (cm) 66.6 (5.1) 779(73) 86.5(8.2) 91.3 (6.6) <0.001
Arm (cm) 19.8 (2.0) 21.9(2.6) 23.8(4.3) 25.0 (4.6) <0.001
Indices
Body-mass index (kg/m?) 16.1 (2.0) 174 (2.7) 19.1 (2.9) 20.1(2.6) <0.001
Waist-to-hip ratio 0.87 (0.05) 0.82 (0.05) 0.81(0.08) 0.78 (0.1) <0.001
Waist-to-height ratio 044 (0.04) 042 (0.04) 043 (0.04) 041 (0.04) <0.001
Skinfold thicknesses
Biceps (mm) 78(3.3) 7.3(3.5) 6.8 (3.8) 59(2.8) <0.001
Triceps (mm) 10.7 (4.6) 11.24.7) 124 (5.3) 123 (5.1) <0.001
Subscapula (mm) 8.9 (4.9) 9.1(5.3) 9.2 (5.1) 93 4.2) 0.507
Suprailiaca (mm) 9.9(5.8) 9.3(6.0) 8.7 (5.6) 8.1(45) <0.001
Thigh (mm) 20.5 (8.6) 20.2 (8.1) 19.6 (9.1) 19.8 (9.7) 0416
SumS5skinfolds (mm) 57.8 (24.4) 57.1(23.4) 56.7 (25.0) 554 (24.2) 0.163

Table 2 Tracking coefficients for anthropometric circumferences, indices and skinfold thicknesses at the ages of 8y, 11y, 13yand 15y

Study variables Tracking coefficient 95% Cl Standard error p-value
Circumferences
Head (cm) 0.62 0.50t0 0.74 0.06 <0.001
Chest (cm) 0.40 03610043 0.02 <0.001
Waist (cm) 0.59 0.56t0 0.62 0.02 <0.001
Hips (cm) 0.40 03710043 0.02 <0.001
Arm (cm) 044 03610 0.55 0.05 <0.001
Indices
Body-mass index (kg/mz) 0.67 0.641t00.70 0.01 <0.001
Waist-to-hip ratio 041 0.291t00.57 0.08 <0.001
Waist-to-height ratio 0.74 0.68t00.79 0.03 <0.001
Skinfolds
Biceps (mm) 0.78 0.671t00.87 0.05 <0.001
Triceps (mm) 0.81 0.781t00.83 0.01 <0.001
Subscapula (mm) 0.86 0.84 10 0.88 0.01 <0.001
Suprailiaca (mm) 0.81 0.781t00.83 0.01 <0.001
Thigh (mm) 0.72 0.681t00.75 0.02 <0.001
Sum5skinfolds (mm) 0.83 0.81t0 0.85 0.01 <0.001
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were moderate to high for circumferences, mostly high
for indices and high for skinfold thicknesses. Specifically,
tracking coefficients for circumferences ranged between
0.40-0.62, with the lowest tracking being observed for
chest and hips and the strongest tracking being observed
for head. The corresponding tracking coefficients for
indices ranged between 0.41-0.74, and for skinfold thick-
nesses between 0.72—0.86.

Figure 1 illustrates the tracking of overweight and
obesity grouped from body-mass index and abdominal
obesity derived from waist circumference. The general
trend was that the higher body-mass index or waist
circumference group at the age of 8 y, the higher was
the probability of being overweight/obese and hav-
ing abdominal obesity at the age of 15 y. The chances
of an overweight and obese 8-year-old becoming an
overweight or obese 15-year-old increased consistently
with age. Children, who were overweight/obese derived
from body-mass index at the age of 8 y had 11.31 (95%
CI=8.41 to 15.22, p<0.001) more odds of remaining
overweight/obese throughout the age of 15 y, compared
to their peers, respectively. Similar odds were obtained
for abdominal obesity, where those children with waist
circumference > 85" percentile, indicating abdominal
obesity, were 10.73 (95% CI=7.93 to 14.52, p<0.001)
more likely to remain having abdominal obesity at the
age of 15y.
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Discussion

The main purpose of the study was to explore tracking
characteristics of anthropometric data in an 8-year fol-
low-up study. The main findings are: (i) circumferences
and indices show moderate to high tracking, while the
tracking of skinfold thicknesses was higher; (ii) over-
weight and obese 8-year-old children are roughly 11
times more likely to remain overweight and obese at the
age of 15 y, compared to their normal weight peers; and
(iii) a significant increase in the proportion of overweight
and obese individuals from the age of 8 y to the age of 15
y is observed.

To understand the context of main findings, social and
cultural background of Czech Republic is to be high-
lighted. It has been well-established, that tracking child-
hood overweight and obesity beyond adult age represents
a major limitation of the literature [12], but there is still
a considerable lack of studies from developing countries
experiencing major socio-economical changes [34]. The
Czech Republic is the country that has been experiencing
transitive changes, including lifestyle and nutritional hab-
its [7]. Children and youth from low- and middle-income
European countries tend to repeat behavioral patterns
from the Western high-income countries, which conse-
quently leads to increased rates of overweight and obesity
[7]. Such patterns have been observed in Czech Repub-
lic, where excessive screen time and insufficient physical
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activity significantly increase the change of overweight/
obesity in later years [37].

Tracking overweight and obesity from childhood to ado-
lescence has been mainly the topic of Western and high-
income countries, including Australia [14, 27], United
States of America [22], Norway [16, 19], Finland [13], Ice-
land [20] and some middle-income countries, like Brazil
[15, 17] China [18] and Slovenia [12]. In general, body-
mass index track well from childhood to adolescence, and
even to adulthood [24]. Our result of tracking body-mass
index (beta regression coefficient=0.67) is similar to one
previous study on the same topic [12]. The findings from
a 12-year follow-up study in Slovenia showed high track-
ing of body-mass index from the age of 7 y to the age of
14 y (r=0.71 and 0.66 in boys and girls, respectively) [12].
However, previous evidence has presented larger track-
ing coefficients [15, 17], compared to our results. The two
Brazilian studies showed extremely high tracking char-
acteristics of body-mass index of 0.94 [15] and 0.87 [17].
The discrepancy between the studies may be explained by
methodological differences, that is, children in studies by
Ronque et al. [15] and Prado et al. [17] were followed-up
for 3 y and 4 y, while our follow-up period was longer (8
y). Also, the aforementioned studies used intraclass corre-
lation coefficients to calculate the tracking, while we used
generalized estimating equations with beta coefficient.
Finally, sociocultural and economic changes within the
countries might be responsible for different results. This
statement can be confirmed by the results from the Slove-
nian study [12]. For instance, Slovenia and Czech Republic
are both central European countries with similar history
backgrounds and lifestyle patterns, which influence physi-
cal development of children and youth [12].

We also found high tracking coefficients for skin-
fold thicknesses, which is similar to one previous study
conducted among Brazilian schoolchildren [15]. In the
study by Ronque et al. [15], intraclass correlation coef-
ficients were 0.85 for triceps skinfold thickness, 0.84 for
subscapula skinfold thickness and 0.86 for the sum of tri-
ceps and subscapular skinfold thicknesses. Similar results
were reported previously [38, 39]. Findings from another
study showed somewhat smaller tracking coefficients
for triceps (0.51-0.76), biceps (0.56—0.73), subscapula
(0.55-0.64) and suprailiaca (0.63 to 0.74) skinfold thick-
nesses [29]. Finally, tracking coefficients for triceps skin-
fold thickness were only moderate (0.52 and 0.49 for boys
and girls, respectively) in one Slovenian study [12]. In the
study by Monyeki et al. [29], a relatively high prevalence
of thinness in primary school-aged children (23.7-30.0%)
might have resulted in lower tracking, especially because
of irregular appetite control or energy maintenance func-
tions [40].
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Finally, we found that overweight/obese children at
the age of 8 y were more likely to be overweight/obese at
the age of 15 y, which was confirmed by previous stud-
ies [12, 28]. It has been reported that about one-third of
overweight and obese children remained overweight and
obese later in life [12]. Our results showed, that about
30.0% of adolescents aged 15 y were overweight or obese
at the age of 8 y. High proportion of overweight and obe-
sity can partially be explained by a different environment
future adolescents lived in, regarding of fat-rich and fast
food, physical inactivity and higher prevalence of seden-
tary behaviors.

This study has several strengths. The findings pre-
sented in this paper may be used for comparative stud-
ies. Central European population of children born in
the early 1990s grew up under specific socioeconomic
and cultural conditions, which were very different
from those in Western part of Europe [41]. A longitu-
dinal design allows us to establish a certain causality
between several time-points, and to observe changes
in a given variable. Also, objective measurements for all
anthropometric data by a trained pediatrician lower the
chance of measurement error and potential bias.

However, this study is not without limitations. First,
biological samples of children were not assessed at
the baseline. Second, the models in the study were not
adjusted for environmental factors, including physical
activity, dietary patterns, sedentary behaviors and matu-
rational status.

Conclusions

This study shows moderate to high tracking coefficients
for a set of anthropometric characteristics during an
8-year follow-up period between childhood and adoles-
cence. The findings of the present study suggest that the
association of anthropometric data from childhood to
adolescence will continue to be a major interest to spe-
cial intervention- and strategy-makers, in order to detect
a high-risk group of children and adolescence. Also, a
special emphasize needs to be put in tracking overweight
and obese children, because children with normal weight
have more odds for retaining normal weight in later
years. Therefore, these critical periods between child-
hood and early adolescence should be a cornerstone for
school-based programs, aiming to increase the level of
physical activity and to decrease the time spent in seden-
tary behaviors.

Abbreviations
OR: Odds ratio; 95% Cl: 95 Percent confidence interval; Sum5skinfolds: Sum of
5 skinfolds.
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