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Abstract

TOSCHKE, ANDRE MICHAEL, ANDREAS
BEYERLEIN, AND RUDIGER VON KRIES. Children at
high risk for overweight: a classification and regression
trees analysis approach. Obes Res. 2005;13:1270-1274.
Objective: Early identification of children at high risk for
childhood overweight is a major challenge in fighting the
obesity epidemic. We tried to identify the most powerful set
of combined predictors for childhood overweight at school
entry.

Research Methods and Procedures: A classification and
regression trees analysis on risk factors for childhood over-
weight in 4289 children 5 to 6 years of age participating in
the obligatory school entry health examination 2001/2002 in
Bavaria, Germany, was performed. Parental questionnaires
asked for children‘s weight at birth and 2 years, breastfeed-
ing history, maternal smoking in pregnancy, parental edu-
cation, parental overweight/obesity, nationality, and number
of older siblings. Overweight was defined according to sex-
and age-specific BMI cut-points proposed by the Interna-
tional Obesity Task Force.

Results: Prevalence of overweight was 11% among the
entire study population. Although high early weight gain
>10,000 grams was found in about one-half of the over-
weight children, its positive predictive value reached only
25%, indicating that one of four children with a high early
weight gain is overweight at school entry. The best reliable
set of predictors included high early weight gain and obese
parents and accounted for a likelihood ratio of 3.6, with a
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corresponding positive predictive value of 40%, and was
found in 4% of all children.

Discussion: A combination of predictors available at 2
years of age could improve predictability of overweight at
school entry. However, corresponding low positive predic-
tive values indicate a precision of the prediction that might
be insufficient for targeting intervention programs for iden-
tified high-risk children.

Key words: epidemiology, diet, prevention and control,
energy metabolism, feeding behavior

Introduction

Prevalence of overweight and its related morbidity are
increasing in industrialized countries worldwide (1-4). In
obese children, interventions rarely show satisfying long-
term results (5). Early identification of children at high risk
for overweight might offer a chance for early preventive
measures (6).

Early high weight gain has been identified as a predictor
for later overweight (7-11). The predictive power of this
single parameter, however, seems to be limited (12). Mul-
tiple parameters might improve early diagnosis of high risk
children. Classification and regression trees (CART)' anal-
ysis, a multivariate analysis method, was applied to provide
a useful and precise tool to identify children at high risk for
overweight in physician’s daily routine without the need of
calculations.

Research Methods and Procedures

Study Population and Data Sources

This is a retrospective cohort study of children partici-
pating in the obligatory school entry health examination
2001/2002 in six Bavarian communities in Germany (Stadt
Ingolstadt, Miesbach, Schwandorf, Kitzingen, Augsburg,

! Nonstandard abbreviations: CART, classification and regression trees analysis.
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and Giinzburg). Parents (n = 8741) were asked to fill out a
self-completion questionnaire. Childrens’ age ranged from
4 to 7 years. Approximately 80% of the parents (7026
exactly) returned completed questionnaires involving ques-
tions on overweight-related physical, sociodemographic,
and lifestyle factors. Data on height and weight at birth and
24 months were obtained by pediatricians or general prac-
titioners performing the examinations of the well baby
preventive health program offered to all children in Ger-
many. Parents were asked to copy the data from the well
baby check up booklets to questionnaires. Data cleaning and
outlier detection excluded weight data at birth of <400 or
>5200 grams (0.1%) and at 2 years of <8000 or >17000
grams (0.9%). After these exclusions, only five participants
(0.07%) had weight gain data in the first 2 years of life
<4000 grams. These were excluded, as well as the four
participants with a weight gain >20,000 grams. Data were
linked with children’s stature, and weight was measured in
light clothing without shoes.

The analysis was confined to children at least 5 years of
age but <7 years of age (234 exclusions) and with full
information on anthropometric measures (355 exclusions)
and potential predictors available at 2 years of age: high
infant weight gain in the first 2 years of life (8—12) (927
exclusions), birth weight (13) (147 exclusions), breastfeed-
ing (14,15) (212 exclusions), maternal smoking in preg-
nancy (16-19) (212 exclusions), parental education (20)
(296 exclusions), parental overweight or obesity (21,22)
(1091 exclusions), nationality (23) (25 exclusions), and
information on having older siblings (15) (683 exclusions;
multiple reasons for exclusion possible). After exclusions,
data for 2270 girls and 2219 boys (total n = 4289) were
available for analysis.

Measures

Overweight and obesity were defined according to sex-
and age-specific BMI cut-points proposed by the Interna-
tional Obesity Task Force (24), which are equivalent to the
widely used cut-points of 25 kg/m?* for adult overweight and
cut-points of 30 kg/m? for adult obesity.

The following variables were considered as potential
predicting factors for childhood overweight: for weight
gain, the cut-point with the highest predictability for over-
weight at school entry (10,000 grams) (12) was used to
differentiate between high and normal weight gain. Two
possible cut-points were used for high birth weight, 3800
and 4000 grams, and parental overweight and obesity were
defined as BMI of at least one parent =25 (overweight) or
=30 kg/m? (obesity), respectively. Nationality was differ-
entiated between German and non-German nationality.
Number of older siblings was dichotomized into none vs.
having older siblings. Parental education was divided into
five categories, from <8 years of school up to >13 years of
school.

Statistical Analysis

The prevalence of overweight/obesity and 95% exact
confidence limits were calculated based on the binomial
distribution (25). CART is an approach designed to model
the relationship between a response (overweight in our case)
and explaining factors measured on different scales (26).
Trees are a useful way to express knowledge that may be of
help in decision-making. CART analysis allows for all
possible interactions and adjustments. The maximum of a
two-sample statistic with an asymptotic x* distribution with
one degree of freedom for all bipartitions or the minimal p
value, respectively, was considered as optimality criterion
of every split. Appropriate Bonferroni-corrected x* tests
were two sided (26). A further partition of a subset was
rejected if the size of the subset was less than the criterion
N, = V4289 = 65.5 or if the minimal p value was greater
than the prespecified value pg,,, = 0.05 (26).

All calculations were carried out with the software pack-
age SAS version 8.2 (SAS Institute, Cary, NC).

Results

At school entry, 12.0% (95% CI, 10.6 to 13.5) of girls and
9.9% (95% CI, 8.7 to 11.2) of boys were classified as
overweight. The distributions of predictors are shown in
Table 1. For example, a high weight gain (>10,000 grams)
in the first 2 years of life was observed among n = 984
(23%) children (Table 1).

The results of the CART analysis are shown in Figure 1.
In the CART analysis, the higher (lower) prevalence after
partition corresponds to the positive predictive value (false
negatives) because of a positive (negative) test result. A
positive predictive value indicates the probability of being
ill after a positive test result.

The overall average prevalence for being overweight was
11%. High weight gain in the first 2 years of life was the
best predictor for overweight at school entry (Figure 1).
Only 7% of the children with a weight gain <10,000 grams
in the first 2 years of life compared with 25% among
children with a high weight gain were overweight (Figure
1). Prediction was improved by further partitions. The low-
est prevalence for overweight at school entry was observed
among the subgroup of children without a high early weight
gain, in the absence of overweight or obese parents, with
German nationality, and who were breast-fed (2%; n =
990). This corresponds to a negative predictive value of
100% — 2% = 98% (base value, 100% — 11% = 89%) and
a likelihood ratio of 2%/11% = 0.18, indicating that the
overweight prevalence in the entire study population was
reduced to the fifth part among this subgroup.

On the other hand, the combination of a high early weight
gain, non-obese or non-overweight parents, parental educa-
tion <10 years, and birth weight =3800 grams accounted
for the highest overweight prevalence at school entry (pos-
itive predictive value; 73%; Figure 1). The respective like-
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Table 1. Distribution (prevalence) of potential pre-
dictors among complete cases (n = 4289)

Prevalence
Predictor Number (%)

Never breastfed 977 22.8
Breastfed up to 1 month 1718 40.1
Birth weight =3800 grams 808 18.8
Birth weight =4000 grams 417 9.7
Weight gain in the first 2 years

of life =10,000 grams 978 22.8
BMI of at least one parent

=25 kg/m? 2763 64.4
BMI of at least one parent

=30 kg/m? 640 14.9
Non-German nationality 163 3.8
No older siblings 1996 46.5
Maternal smoking in

pregnancy 883 20.6
Years of parental education

<8 34 0.8

8 to <10 1195 27.9

10 to <12 1606 374

12 to =13 573 13.4

>13 915 21.3

lihood ratio of 73%/11% = 6.6 was high, and the subgroup
contained only n = 11 children (0.3% of entire population).
High early weight gain and obese parents accounted for an
overweight prevalence (positive predictive value) of 40%
among n = 163 (4% of entire population) children (likeli-
hood ratio, 40%/11% = 3.6).

A similar tree could be observed for obesity at school
entry but with additional splits for smoking in pregnancy as
a risk factor for offspring’s obesity (data not shown). Pre-
diction of obese children was best among children with a
high early weight gain and obese parents, with a positive
predictive value of 16%. Although the corresponding like-
lihood ratio was slightly higher for obesity (5.3) compared
with overweight (3.6), the positive predictive value for
prediction of obesity at school entry (16%) was lower
because of the smaller overall a priori prevalence of obesity
(3%).

Discussion
Identifying children at high risk for overweight at school
entry by means of predictors detectable at 2 years of age
yielded best likelihood ratios of 0.18 (negative) and of 3.6
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and 6.6 (positive). Although high early weight gain
>10,000 grams was found in about one-half of the over-
weight children, its positive predictive value reached only
25%, indicating that one of four children with a high early
weight gain became overweight at school entry. A combi-
nation of normal weight gain, in the absence of overweight
or obese parents, German nationality, and breastfeeding
observed in one-quarter of the population accounted for the
best negative predictive value, with 98% probability for
being non-overweight at school entry compared with an a
priori probability of 89% in the entire population. Weight
gain >10,000 grams and obese parents accounted for the
best reliable positive predictive value of 40%. In this sub-
group of 4% of the entire population, two of five children
will be overweight at school entry. These results reflect an
improved but still insufficient identification of high-risk
children even with an optimal set of predictors.

Statistical multivariate methods allow for adjusted assess-
ment of multiple predictors. CART analysis is a multivari-
ate standard method that additionally may provide predic-
tive values (26) and has been used in a number of previous
studies (27-30). Predictive values are essential for objective
evaluation of the predictive potential of tests under consid-
eration for the general population or test results on the
individual level. Furthermore, decision trees provide a use-
ful and precise tool for decision-making in the physician’s
daily routine by simple visual assessment of disease prob-
ability without the need of any calculations.

The insufficient identification of high-risk children even
with an optimal set of predictors in our data is unlikely to be
explained by biased estimates. In fact, our results are in
excellent accordance with other studies on predictors for
overweight. Like others, we could identify a high weight
gain (8—11), parental overweight and obesity (21,22), lack
of breastfeeding (14,15), parental education <10 years (20),
high birth weight (13), having older siblings (15), non-
German nationality (23), and maternal smoking in preg-
nancy (16-19) as predictors for later overweight or obesity.

The overall poor positive predictive values need some
discussion. For a small subgroup (n = 11), a positive
predictive value of 73% could be calculated. This might be
an artifact, however, because the corresponding split was
based on 68 children only, which is just slightly above the
final split criterion of 65.5. Additionally, these results are
difficult to explain because non-obese parents were identi-
fied as contributing to the risk of childhood overweight.

Childhood overweight was obtained at school entry, the
age of adiposity rebound (31). It has been reported that
overweight beginning at the age of adiposity rebound (4 to
7 years) increases the risk of persistent overweight and its
complications (32). This underlines the importance of de-
tecting risk factors for childhood overweight at the age of
school entry.
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Figure 1: Classification tree for overweight at school entry. Prevalence of overweight in brackets.

Other potential sources of bias have been considered: the
overall overweight prevalence of 12% in the population
with available data on age, sex, stature, and weight com-
pared with 11% in the study population with full informa-
tion on predictors does not indicate selection bias. Reverse
causality seems to be unlikely because data available at 2
years of age always precedes overweight at school entry.

The weight data at birth and during the first 2 years were
copied from doctors’ documentation at the time of the
respective well baby check-up visit, whereas all other pa-
rameters were collected with self-administered question-
naires. Misclassification might result in biased estimates.
Any decision-making based on these parameters, however,
will be based on documentation in a routine setting. There-
fore, our data provide estimates that likely reflect the degree
of prediction attainable in physicians’ practices.

We chose 2 years of life as the time-point for deciding
about the potential usefulness of possible interventions in
high-risk children for two reasons. First, the most important
predictor, high weight gain, was more powerful at the age of
2 years than at earlier ages (12). Second, children who are
2 years old might still be young enough for application of
intervention strategies to modify a potentially underlying
risk behavior. It might be possible that later time-points in

the lives of children might allow for better prediction.
However, our data set did not allow us to study this ques-
tion.

In conclusion, although the optimal set of parameters to
predict childhood overweight yielded likelihood ratios of 2
to 6, which have been described as indicating small (but
sometimes important) changes in disease probability (33),
corresponding positive predictive values might be insuffi-
cient to allow for decision-making regarding specific inter-
ventions targeted at high-risk children: most children would
undergo an unnecessary intervention with potential side
effects if intervention were based on the sets of predictors
assessed in this study.
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