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Abstract
Background: Previous studies reported an increase of upper body mass index (BMI) quantiles for
formula fed infants compared to breastfed infants, while corresponding mean differences were low.
The aim of this study was to assess the impact of known risk factors for childhood obesity on the
BMI distribution.

Methods: Data on 4,884 children were obtained at obligatory school entry health examinations in
Bavaria (Germany). Exposure variables were formula feeding, maternal smoking in pregnancy,
excessive TV-watching, low meal frequency, poor parental education, maternal overweight and
high infant weight gain. Cumulative BMI distributions and Tukey mean-difference plots were used
to assess possible shifts of BMI distributions by exposure.

Results: Maternal overweight and high infant weight gain shifted the entire BMI-distribution with
an accentuation on upper quantiles to higher BMI values. In contrast, parental education, formula
feeding, high TV consumption, low meal frequency and maternal smoking in pregnancy resulted in
a shift of upper quantiles only.

Conclusion: The single shifts among upper parts of the BMI distribution might be due to effect
modification of the corresponding exposures by another environmental exposure or genetic
predisposition. Affected individuals might represent a susceptible subpopulation of the exposed.

Background
For most known environmental risk factors only a propor-
tion of those exposed will be affected by subsequent cate-
gorical outcomes such as death or disease. This may be
due to the dose of exposure or interaction with individual
genetic disposition or interactions with other known or
unknown risk factors. Although childhood obesity is a

categorical outcome by definition, it is usually defined by
application of arbitrary cut-off values to continuous meas-
ures such as BMI, skin fold thickness or percentage of fat
in the body composition [1-3]. An increase of the obesity
prevalence related to a specific risk factor may arise e.g.
from a shift in the entire distribution of the BMI or a shift
of the upper tail only [4].
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If all exposed individuals in a population under study
were exposed to the same dose of a risk factor for obesity
and this risk factor also affects all these individuals, a shift
of the entire BMI distribution among the exposed would
be expected. A risk factor for obesity affecting a proportion
of those exposed only, because an interaction with
another risk factor is required, would account for a single
shift of the upper tail of the BMI distribution. A genetic
predisposition of an exposed subpopulation or an interac-
tion with other known or unknown risk factors might
account for this interaction.

The BMI distribution is commonly used to define over-
weight and obesity. While in the US the 85th and 95th per-
centile are applied to define overweight and obesity in
children[5] the European recommendations proposed the
use of the 90th and 97th percentiles respectively[2,3]. Inter-
estingly in children and young adults the epidemic does
not appear to affect the entire population equally. While
BMI values within lower quartiles remain almost
unchanged, clear BMI increases are observed in the top
quartile[4,6-10].

A number of known risk factors for childhood obesity
have been identified such as excessive TV-watching, poor
parental education, maternal overweight, high weight
gain in the first 2 years of life, formula feeding, maternal
smoking in pregnancy and low meal frequency. Their
impact on the BMI distribution, however, has not been
studied yet. We aimed to study the shift or increased skew-
ness, respectively, of the BMI distribution for each of those
risk factors.

Methods
Study population and data sources
During the year before school entry all children in Bavaria
have to attend at the mandatory school entry health exam-
ination in local public health offices. The purpose of this
compulsory examination is to assess deficits which might
influence school performance (i.e. impaired visual fac-
ulty) but can easily be corrected (i.e. prescription of
glasses). Most of the children are at age 5 and 6 years when
examined. Parents of 8,741 children were invited to par-
ticipate in a voluntary self-completion questionnaire
study as part of their child's obligatory school entry exam-
ination in six Bavarian communities (Germany) from
September 2001 to August 2002. Questionnaires were
mailed together with the invitations for the school entry
health examination. About 80 percent (n = 7,026) com-
pleted questionnaires were returned. Data on a number of
sociodemographic and potential risk factors for child-
hood obesity were linked with children's stature and
weight measures. The study was approved by the Bavarian
State Office for Data Protection and the local ethics com-
mittee.

The analysis was confined to 4,884 children with full
information on age, anthropometric measures, maternal
BMI, maternal smoking in pregnancy, TV watching,
weight gain in the first 24 months, low meal frequency,
breastfeeding and parental education.

Measures
Stature and weight were measured in light clothing and
without shoes by trained nurses of local public health
offices. Stadiometers and balances were periodically cali-
brated by respective gauging offices.

A number of risk factors with previously reported associa-
tions with childhood obesity were considered as expo-
sures. All variables were dichotomized to compare BMI
distributions of exposed and non-exposed individuals.
Low educational level of parents was assumed when nei-
ther father nor mother achieved O-level [11]. Mothers
with a body mass index of at least 25 kg/m2 were classified
as overweight [12,13]. High weight gain in the first two
years of life [14] was assumed if the difference between
reported birth weight and weight at well baby check-up at
24 months was more than 10 kg [15]. Low meal frequency
was assumed for children consuming less than 5 meals a
day [16]. Children watching television for more than 1
hour a day were classified as having high TV consumption
[17-19]. Furthermore the variables smoking in pregnancy
and breastfeeding were included in the analysis as binary
variables [20-26].

Statistical analysis
Tukey mean-difference plots visualize a comparison
between quantiles of two distributions. In our case the
distributions of BMI for a population of exposed and a
population of non-exposed children were compared.
While the horizontal axis shows the mean of the two
quantiles of both distributions, the vertical axis shows the
difference of the same two quantiles. For example, let the
10th percentile of the exposed population be 21 and the
10th percentile of the non-exposed population be 20.
Then the corresponding mean is 20.5 (horizontal axis)
with a difference of 1 (vertical axis) and the point (20.5,
1) will be plotted.

If two distributions are exactly the same, then all quantiles
are equal and subsequently all differences between quan-
tiles are zero, resulting in a mean-difference plot which
represents a horizontal line at zero. If two distributions
only differ in their central tendency the mean-difference
plot represents a horizontal line at the respective mean
difference between those two distributions. If distribu-
tions only differ in the upper quantiles, the mean-differ-
ence plot takes an increasing form, starting from zero.
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BMI cumulative distributions by exposure category and
mean-difference plots as well as all calculations were car-
ried out using the statistical software package R version
2.6.1 [27].

Results
Figure 1 shows the cumulative BMI distribution of
exposed and non-exposed children by different risk fac-
tors. For maternal overweight and high weight gain in the
first two years of life a shift of the entire BMI-distribution
with an accentuation on upper quantiles could be
observed (fig. 1a and 1b). In contrast, the risk factors
parental education, formula feeding, high TV watching,
low meal frequency and maternal smoking in pregnancy
suggest a shift of upper qantiles only while there is almost
no shift of the lower end of the distribution (fig. 1c–g).
Corresponding BMI values at the 25th, 50th (median),
75th, and 95th percentile for children exposed/not exposed
to specific risk factors are presented in Table 1.

These associations are underlined by mean-difference
plots shown in figures 2a–g. A shift of BMI especially in
the upper tail of the distribution could be observed for all
risk factors and is represented by an increasing difference
among higher quantiles. Again, a shift of the entire BMI
distribution could be observed for maternal overweight
and high infant weight gain, however, with an increasing
tendency among upper quantiles. A single shift of the
upper tail of the BMI distribution could be observed for
poor parental education, watching TV, formula feeding,
low meal frequency and smoking in pregnancy. For the
latter exposures no differences could be observed among
lower percentiles accompanied by large differences
among higher quantiles.

To assess possible dose response effects on parts of the
BMI distribution different arbitrary cut-points to define
exposure and non-exposure were used for all risk factors.
Using different cut-points for exposure and non-exposure
yielded similar results for the BMI distributions by risk

Cumulative BMI distributions of exposed and non-exposed individuals to certain risk factorsFigure 1
Cumulative BMI distributions of exposed and non-exposed individuals to certain risk factors.
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f) Maternal smoking in pregnancy
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factors high TV consumption (fig. 3a–d) and for all other
risk factors (data not shown) as compared to initial cut-
offs and analyses.

Discussion
Recently two quantitative reviews reported an impact of
breastfeeding on upper percentiles represented by child-
hood obesity [20,21], while the mean difference between
breast- and formula fed individuals was low in another
quantitative review [28]. This possible contradiction

Table 1: BMI values in kg/m2 at the 25th, 50th, 75th and 95th percentile for children exposed/not exposed to respective risk factor

Risk factor Exposed Not Exposed

25th 50th 75th 95th 25th 50th 75th 95th

Maternal overweight 14.6 15.6 17.0 22.7 14.1 14.9 16.0 18.6
High weight gain in first 2 years of life 15.1 16.1 17.3 20.7 14.0 14.8 15.7 17.8
Formula feeding 14.3 15.1 16.4 19.7 14.1 15.0 16.1 18.3
High TV consumption 14.3 15.3 16.6 19.7 14.1 15.0 15.9 18.1
Low meal frequency 14.2 15.1 16.3 19.2 14.1 15.0 16.0 18.1
Maternal smoking in pregnancy 14.4 15.3 16.6 19.5 14.1 15.0 16.0 18.5
Low parental education 14.2 15.2 16.4 19.5 14.1 15.0 16.1 18.3

Tukey mean difference plots of BMI distributions of exposed and non-exposed individuals to certain risk factorsFigure 2
Tukey mean difference plots of BMI distributions of exposed and non-exposed individuals to certain risk fac-
tors.
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could be due to the observation made in the data set used
for this paper that mainly upper quantiles of the BMI dis-
tribution are affected by the exposure breast- or formula
feeding, respectively. Additionally, we demonstrated that
a similar single shift of the upper tail was also found for
maternal smoking in pregnancy, frequent TV watching,
low meal frequency and poor parental education, whereas
the entire BMI distribution with an accentuation on the
upper tail was shifted in relation to maternal overweight
and high weight gain in the first 2 years of life.

This observation may be relevant with respect to the
choice of the outcome variable and corresponding statis-
tical analyses. If the exposure is only associated with a
shift of the upper tail of the distribution of a continuous
outcome parameter, a true association may be missed if
testing refers to the mean by a linear regression model
with the continuous outcome parameter as response vari-
able.

Additionally such a shift in the upper part of the distribu-
tion only may be an indicator of an effect modification of
the exposure confined to a subpopulation of the exposed.
The effect modifier may be another environmental expo-
sure or genetic predisposition. Such a gene-environmental
exposure interaction was recently demonstrated for pas-
sive smoking and asthma in children: a genetically deter-
mined deficiency of glutathione S transferase (GST)
enzymes involved in the detoxification of environmental
tobacco smoke (ETS) accounted for a massive increase in
the risk for current asthma and asthma symptoms such as
wheeze and shortness of breath [29]. It might well be pos-
sible that susceptibility to known risk factors for child-
hood obesity is confined to children with hitherto
unknown genetic polymorphisms.

There are some limitations with regard to the data availa-
ble for this study and the analysis. The observed effects on
parts of the BMI distribution only need to be confirmed in

Tukey mean difference plots of BMI distributions of exposed and non-exposed individuals to watching TV by different cut-pointsFigure 3
Tukey mean difference plots of BMI distributions of exposed and non-exposed individuals to watching TV by 
different cut-points.
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other data sets. Additionally, the corresponding curves
were based on univariate analyses: a single shift of the
upper tail observed for any of the seven risk factors might
be caused by any other of the seven. However, this seems
to be unlikely, since these risk factors were proven inde-
pendent in multivariate logistic regression models with
overweight and obesity as outcomes [16,30].

Another important issue is the possibility of underlying
dose response effects responsible for skewed shifts of the
BMI distributions. It is likely that exposed children differ
in dose of exposure. Such a dose variation might explain
a non-uniform shift of metric response distributions, in
our case BMI, which cannot be assessed by using binary
variables for originally continuous exposures. However,
choosing different cut-points for binary exposure varia-
bles yielded similar results for all exposure categories.

Conclusion
There are some indicators of health measured on contin-
uous scales, which are commonly converted to categorical
outcomes: e.g. BMI to obesity, blood pressure to hyperten-
sion. In order to assess the impact of presumed risk factors
on these outcomes it may be useful to assess both, the
impact on the entire distribution and on parts of the dis-
tribution. If only parts of the distribution are shifted by
the risk factor considered, this finding may be an indicator
of an interaction of the risk factor with other environmen-
tal risk factors or with a genetic predisposition. Linear
regression models might be difficult in the assessment of
risk factors not affecting the entire BMI distribution.
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