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What is already known about this subject?
- Very early life appears to be a promising pefmdoverweight prevention efforts
- Identification of high-risk groups might be uskifuthis respect

- The relevance of early life risk factors for ctibod overweight might increase by age

What doesthis study add?

- Overweight prevalence was highest in small sulyggo

- Even highly effective prevention programs for shesubgroups would not considerably
reduce childhood overweight on a population level

- The impact of early life risk factors does ndteti by age
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Abstract

Objective: We examined whether specific combinations of faitors in very early life might
allow identification of high-risk target groups foverweight prevention programs.

Design and Methods: We analysed data of n=8,981 children from the GerKi&GS study.
Using a classification tree approach, we assessedicpive risk factor combinations for
overweight in 3-6 year-old, 7-10 year-old and 11y&@r-old children.

Results: In preschool children, the subgroup with the hgjheverweight risk were migrant
children with at least one obese parent, with aglesce of 36.6 [95% confidence interval:
22.9, 50.4] %, compared to an overall prevalencé®0 [8.9, 11.2] %. The prevalence of
overweight increased from 18.3 [16.8, 19.8] % ta95[46.6, 69.3] % in 7-10 year old
children, if at least one parent was obese anctliid had been born large-for-gestational-
age. In 11-17 year-olds, the overweight risk insesbfrom 20.1 [18.9, 21.3] % to 63.0 [46.4,
79.7] % in the highest risk group. However, higbvalence ratios were found only in small
subgroups, containing less than 10% of all overitetgses in the respective age group.
Conclusions; Our results indicate only a limited potential fearly targeted preventions

against overweight in children and adolescents.
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Introduction

The prevalence of childhood overweight has beereasing worldwide in recent decade$
This increase seems to be associated rather vgthftain the upper parts of the body mass
index (BMI) distribution than with a shift of theadium or lower parts. These temporal
trends might be explicable by incremental exposorenvironmental risk factors, as we have
recently shown that well-known risk factors for oweight were more strongly associated
with high BMI percentiles than with low or mediunivB percentiles in quantile regression
analyse$'>.

Therefore, identification of specific risk factorgiles might be pivotal for the prevention of
childhood overweight. Very early life appears toderomising period for such prevention
efforts, as children’s environment at this ageaigély under their parents’ control and is
likely to have a long-term effect on their overwsigisk ® ”. A recent review based on
prospective studies confirmed associations of abaurof early life factors with an increased
risk for childhood overweight, implicating a needitlentify high-risk groups of infants for
clinical practicé’.

Classification trees are useful for this purposs, they offer an unbiased and easily
interpretable statistical approach to split a gidataset into low- and high-risk groups. We
have previously used a classification tree to ifierdubgroups of children who are at
increased risk to be overweight shortly before stleatry, but could not find a specific early
risk factor combination which was highly predictiVeln a similar study, no risk factor
combination was found which would have increasedligtion of overweight in preschoolers
by two times or moré®. However, early life risk factors for childhoodesweight might play
an increasing role as child’s age increaSesand the prevalence of overweight has been

shown to increase substantially after school efftt
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Thus, we wondered whether data with a broader pgetrsim would allow determination of
potential early high-risk groups for childhood owerght. For this purpose, we analysed a
large contemporary population-based German datasegaining data on children at different

ages during childhood and adolescence.

Methods

The data were collected from May 2003 to May 200@he German Health Interview and
Examination Survey for Children and Adolescents@&iS), a representative nation-wide
survey on children and adolescents selected withihcommunities (primary sample points).
Within the sample points, addresses of childrerevadgawn randomly from local registries to
invite the children and their parents to partiogoist the survey. The response rate was 66.6 %
15 Overall, n = 17,641 children aged 0 to 17 yeagsevenrolled. The study was approved by
the Institutional Review Board of the Virchow-Klkum of the Humboldt-University Berlin.
A detailed description of the survey has been phbli elsewherg' 1©

Children’s height was measured, without wearingeshby trained staff with an accuracy of
0.1 cm, using a portable Harpenden infantometestadiometer (Holtain Ltd., Crymych,
UK). Body weight was measured with an accuracy 4f Ky, wearing underwear, with a
calibrated electronic scale (SECA, Birmingham, UMJe used the BMI values to define
overweight (including obesity) according to the sard age-specific reference values of the
International Obesity Task Force (IOTF) which weterived from six large nationally
representative cross sectional surveys from diffe@untries’’. We excluded all 2,805
children aged 0-2 years, because child’s lengthmeeasured in either lying or standing mode
in this age group in the KiGGS data (dependinghenchild’s skills or behaviour), leading to
a potential bias in BMI measurements, while in oldgildren height was measured in

standing mode only, and because the IOTF valuemtpertain to children below 2 years.
5
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Information on sociodemographic covariates anddtige factors was obtained from a self-
administered questionnaire from parents. For nom@e families, questionnaires in their
native languages were provided. Migration status defined based on parental origin and
nationality'®. Parental BMI was calculated from self-reportetjheand weight at interview
and categorized as overweight 25 kg/m?) and obese (30 kg/m?). Socioeconomic status
(SES) was classified based on the parents’ prafeskistatus, income and educational
achievements and assigned to low, middle or higloraling to the parent with the higher
status *°. Maternal smoking in pregnancy was documented hireet categories (never,
occasionally or regularly). For further questionsgarding pregnancy, mothers were
encouraged to consult their “maternity pass”. Iy, a “maternity pass” is issued to
every pregnant woman at her first pregnancy-related to the gynaecologist for complete
documentation of antenatal care visits, includiegutar weight measurements. Mothers were
asked to consult their maternity pass to answemthestion how much weight they gained
during the pregnancy with the index child. In adasrce with a previous publication, we
defined a gestational weight gain of >17 kg as hagh this corresponded with the upper
quartile of gestational weight gain in the KiGGSafd We defined occurrence of gestational
diabetes mellitus (GDM) as a positive answer to dboestion “Has diabetes or gestational
diabetes been diagnosed during this pregnancy®. the pregnancy with the index child).
There was no further question related to diabetferé or after pregnancy. Small-for-
gestational-age and large-for-gestational-age wefmed in terms of birth weight below or
above the respective national™@r 90" sex- and gestational-age-specific birth weight
percentile’.

We used the following set of predictors with knoassociations with childhood overweight
2224 Migration status, low parental SES, older biotagjisiblings, maternal smoking during

pregnancy (never or any), breastfeeding (nevengy, averweight or obesity of one or both
6
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parents, high gestational weight gain, occurreric&BM in the index child’'s pregnancy,
small-for-gestational-age and large-for-gestatiaagd. The analyses were restricted to
children living with their biological mother, withvailable anthropometric measurements and
with full information on all a priori selected pietbrs, yielding a final sample size of
n=8,981. We calculated separate analyses for &6old (n=2,673), 7-10 year-old (n=2,672)
and 11-17 year-old children (n=3,636), correspogdmth preschool, primary school and
secondary school age in Germany, respectively. rétienale to use these three subgroups
was that prevalence rates of overweight have bleewrsto differ considerably between these
groups'?® 3

Classification trees are a statistical techniquackvhs helpful to assess and depict the
associations between an outcome variable (in thse coverweight) and a number of
explanatory variables, implicitly considering pdiahinteractions between these variables.
Therefore, classification trees provide a powetdol in questions related to decision-making
% The classification tree analyses were perfornmedcicordance with our previous stutly

At each node, we calculated 2 x 2 contingency sablecording to child’'s overweight and
each binary predictor remaining at the respectivgen together with the corresponding chi-
square statistics with one degree of freedom. Theimmum chi-square statistic for all
bipartitions at the respective node was considaedptimality criterion for every split. A
further partition of a subset was rejected if tlze ®f the subset was less than the square root
of the initial sample size used for calculationtioé respective classification tree or if there
was no p-value of <0.05 with respect to any assiodiat this point®. We calculated 95%
binomial confidence intervals (Cls) for the prevede of overweight in all subgroups with
weighted estimates accounting for the unequal siotu probabilities. The clustering of the
children within the primary sample points (commigs} was not accounted for in the

analysis. For the sake of clarity, all splits dfr@e are displayed only up to level three (i. e.
7
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three splits). Further partitions are only shownthése resulted in a subgroup with an
overweight prevalence of >50% or in the subgroufhilie lowest prevalence identified in
the respective tree. To get an estimate of thengtineof an association in a particular
subgroup, we calculated the prevalence ratio, thgithe prevalence estimate for overweight
in the respective subgroup by the prevalence ofvesight in the whole age group. For each
prevalence ratio, we calculated p-values basedpaquare tests.

All calculations were carried out with SAS 9.2 (SAfStitute Inc, Cary, NC), using tHeeq

andsurveyfreq procedures, respectively.

Results

The prevalence of overweight differed between agems, with 10.0 [95% CI: 8.9, 11.2] %

in pre-schoolers, 18.3 [16.8, 19.8] % in 7-10 yelar<children and 20.1 [18.9, 21.3] % in 11-
17 year-olds (table 1, figures 1-3). Exposure r&tehe risk factors examined were relatively
similar between age groups (table 1).

In preschool children, the subgroup with the higlm&erweight risk were migrant children

with at least one obese parent, with a prevaleh86.6 [22.9, 50.4] %, corresponding with a
prevalence ratio of 36.6/10.0=3.66 [2.29, 5.04]0)8001, figure 1). This subgroup contained
17 overweight children out of 283 overweight cheldr(6.0%) in the whole pre-schoolers
group. With 4.7 [3.2, 6.1] % (prevalence ratio: 0.0.32, 0.61], p<0.0001) the lowest
prevalence was observed in children whose paresrts mot overweight and had no migration
background.

In children at primary school age, parental weigfatus was again the first split criterion
(figure 2). The prevalence of overweight increated5.4 [31.2, 39.7] % in children of obese
parents and to 57.9 [46.6, 69.3] % (prevalencer&@il6 [2.55, 3.79], p<0.0001), if these

were additionally born large-for-gestational-agewsgver, the latter subgroup contained only
8



179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

44/506=8.7% of all overweight cases recorded is digie group. In contrast, the prevalence of
overweight was below 25 % in any subgroup of ckidiof non-obese parents, with the
lowest risk in children of non-overweight non-migtgarents whose mothers did not smoke
during pregnancy (5.5 [3.7, 7.3] %, prevalenceordii31 [0.20, 0.40], p<0.0001).

Similar results were found in 11-17 year-old cheldr(figure 3). Overweight prevalences of
>50 % were found in children of overweight or obgseents, if they were born large-for-
gestational-age and not breastfed (63.0 [46.4,] ®,7prevalence ratio: 3.13 [2.43, 3.75],
p<0.0001), or if they were from families with lovES and additionally exposed to other risk
factors (migration status: 56.0 [39.6, 72.4] %; kmg in pregnancy and no older siblings:
62.2 [48.9, 75.4] %). These subgroups together csegh only 56/736=7.6% of the observed
overweight cases in 11-17 year-olds. The most ptigte combination in this age group was
no parental overweight together with high SES aodabM (6.6 [5.1, 8.1] %, prevalence

ratio: 0.33 [0.25, 0.40], p<0.0001).

Discussion

Our analyses identified specific risk groups amosghool children with an overweight risk
above 50%. Using the optimal subset of early Ifedpctors for each age group, the prediction
of overweight could be increased by about threesinas indicated by respective prevalence
ratios. For example, the prevalence of overweighprieschoolers increased from 10.0 %
overall to 36.6 % in migrant children with at le@ste obese parent. However, prevalence
ratios of this size were found only in small subhgr®, containing less than 10% of all
overweight cases in the respective age group.

Thus, even if highly effective early prevention grams might be developed for these
subgroups, they would not be expected to contriltater considerable reduction in the

overweight prevalence on a population level. Irge@ngly, another recent analysis indicated
9
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that early preventive measurements would be exgetdeprevent less than 10% of all
overweight case$. Future efforts might therefore focus on interi@mtrather than on early
prevention strategies.

Parental obesity was the first split criterion dhds the most important predictor in all age
groups. Parental obesity is likely to represenbmlaination of environmental and genetic
factors, as the latter are also known to contrilnaiesiderably to one’s overweight riék
Unfortunately, we were not able to include knownesity-related genes to improve
prediction, as no genetic information has beerectdld within the KiGGS study. However, it
appears doubtful that inclusion of such genes whakk increased prediction, as this was not
the case in a previous stuty

The prevalence ratios of the most predictive regktdr combinations were similar in each age
group. Thus, our data do not allow concluding araasing impact of early life risk factors
by child’s age. The fact that we found higher gesipredictive rates of overweight in certain
subgroups of school children compared to prescn®oheght therefore rather have been due
to the overall higher prevalence of overweightahal children in our data.

Our data are based on an up-to-date, high quaatjomal survey on child health in a
considerable number of children in Germany andefloee appear to be generalizable to other
high-income countries. A further strength of owdst is the broad age spectrum of children
considered, which allowed us to explore association different age groups. Although
KiGGS is basically a cross-sectional study, theadain be interpreted as retrospective cohort
data with respect to the impact of early life vakes. We focused on pre- and perinatal risk
factors and on factors which are likely to be mely persistent through offspring’s
childhood and adolescence (such as parental olasit\bES), thus avoiding potential reverse
causation issues. Children’s weight and height vweeasured by trained staff, but parents’

weight and height had been self-reported. Therlatight constitute a limitation of our study,
10
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as especially high BMI values tend to be underesteah by self-reportind”. Therefore, the
association of parental obesity and offspring’srexeght may have been underestimated.
However, as parental obesity was the most impodilitt criterion in all age groups anyway,
it seems that this issue is not likely to have éiasur main results. There may also be some
ascertainment bias with respect to maternal smolkimgregnancy and GDM, as the
prevalence of both factors may have been underati’ *2 Again, this would likely have
led to only a slight underestimation of their asatiens with offspring’s overweight" *and
should thus not have affected our main results tanbally. Unfortunately, the dataset
contained no information about early weight gaimjcli was an important predictor in our
previous study’. In order to consider potential effects of earbtch-up growth®*, we
included small-for-gestational-age in our analyse$ich was, however, no significant
predictor in any classification tree. A potentfiatitation of classification trees is that they
consider classification variables one at a time, without simultaneous adjustment for the
other classification variables which have not beelected for partition previous nodes. Thus,
this method might be less appropriate than e.gyession methods to quantify the effect of a
certain predictor which might be confounded by heobne.

In summary, our results indicate only a limited gudial for targeted preventions against
overweight in children and adolescents in earlydtlmod. High positive predictive rates were
found only in small subgroups, suggesting that enighly effective prevention programs for
these subgroups would not considerably reduce lotdld overweight on a population level.

Further, our data do not indicate an increasingachpf early life risk factors by child’s age.
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Table 1. Study characteristics of the data analysed, sedtiby children’s age. Child’s

overweight was classified using sex- and age-specift-off values. Small-for-gestational-

age and large-for-gestational-age were defineckimg of birth weight below or above the

respective national 10th or 90th sex- and gestaltiage-specific birth weight percentile.

Migration status was defined based on parentalirorggnd nationality. Proportions were

calculated based on weighted estimates accourdgmgniequal inclusion probabilities.

Preschooal Primary  school | Secondary school

children (n=2673) | children (n=2672) | children (n=3636)

n % n % n %
Child’s overweight 283 10.0 506 18.3 736 20.1
Male sex 1339 51.3 1383 52.2 1860 50.9
Migration status 226 11.2 122 4.9 126 3.7
Low parental SES 553 20.4 529 20.0 685 18.8
Smoking in pregnancy 417 16.0 399 16.2 508 14.6
Gestational weight gain 700 25.0 555 19.8 612 16.2
17 kg
GDM 74 2.7 60 2.4 67 1.7
Small-for-gestational-age| 232 8.8 290 11.0 425 | 141
Large-for-gestational-age, 286 10.6 247 8.9 305| 9 7
Breastfeeding 2204 81.8 2168 79.7 2811 76.6
Older biological siblings 1473 56.9 1460 54.4 194 | 52.8
Mother is overweight 847 30.8 871 33.2 1350 36.7
Father is overweight 1500 54.9 1574 59.4 2228 960.
Mother is obese 254 8.9 278 10.7 461 12.4
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365 Abbreviations: GDM, gestational diabetes mellitBES, socioeconomic status

366

Father is obese

293

10.1

310

11.9

499

13.3
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367 Figure 1. Classification tree for prevalence of overweigdb% confidence intervals] in 3-6 year-old childr@mnoportions are based on weighted

368 estimates accounting for the sampling design.

283/2673
10.0[8.9, 11.2]%

No obese parent > 1 obese parent
189/2201 94/472
8.4 [7.3,9.6]% 18.1[14.4,21.8]%
No overweight parent >1 overweight parent No migrant | Migrant
v v v P v
49/908 140/1293 77/426 17/46
5.2 [3.8,6.7]% 10.8 [9.0, 12.5]% 15.8 [12.1, 19.5]% 36.6 [22.8,50.4]%
-
No migrant Migrant No smoking in pregnancy | Smoking in pregnancy Older siblings | No older siblings
v v v < v v v
42/840 7/68 106/1090 34/203 35/246 42/180
4.7 [3.2,6.11% 10.6 [4.0, 17.2]1% 9.3[7.5,11.1]% 18.3[12.9, 23.6]% 11.2 [7.1, 15.4]% 22.5[15.8, 29.0]%
J
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372 Figure 2. Classification tree for prevalence of overweidf%o confidence intervals] in 7-10 year-old childr®noportions are based on weighted

373 estimates accounting for the sampling design. GB&dtational diabetes mellitus; LGA, large for gaestel age.

506/2672
18.3 [16.8, 19.8]%

No obese parent > 1 obese parent

319/2161 187/511

14.2 [12.6, 15.71% 35.4[31.2,39.7]%

No overweight parent =1 overweight parent Not LGA LGA

v v v v
71/835 248/1326 143/432 44/79
7.8 [5.9,9.71% 18.2 [16.0, 20.3]% 31.5[27.1, 36.01% 57.9 [46.6, 69.3]%
No Smoking | Smoking in pregnancy Breastfeeding |No breastfeeding No GDM | GDM
v v v v v v
49/717 22/118 185/1074 63/252 136/416 7/16
6.0[4.2, 7.8]% 18.8 [11.5, 26.0]% 16.8 [14.5, 19.2]% 23.4[18.2, 28.6]% 30.6 [26.1, 35.1]% 43.8 [19.4, 68.1]1%

No migrant| Migrant

v ~ v
44/673 5/42
5.5[3.7,7.3]1% 13.1[3.1, 23.1]%
AN
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376 Figure 3. Classification tree for prevalence of overweidt% confidence intervals] in 11-17 year-old chitdrBroportions are based on weighted

377 estimates accounting for the sampling design. GB&dtational diabetes mellitus; LGA, large for gestal age; SES, socioeconomic status.

736/3636
20.1 [18.9,21.3]1%
No obese parent > 1 ohese parent
v v
439/2796 297/840
15.8 [14.5, 17.0]% 34.8 [31.8, 37.9]%
No overweight parent > 1 overweight parent Not LGA LGA
v v v v
77/1001 362/1795 251/740 46/100
7.6[6.1,9.21% 20.4[18.7,22.1]% 33.3[30.1,36.5]% 46.8 [37.4, 56.2]%
High SES| Low SES No smoking | Smoking in pregnancy High SES |Low SES Breastfeeding | No Breastfeeding
v v v v v v + v
61/874 16/127 282/1563 80/232 180/556 71/184 27/69 19/31
6.8 [5.2, 8.3]1% 13.9[8.3, 19.6]% 17.8 [16.0, 19.6]% 36.7 [31.1, 42.3]% 31.1[27.4,34.71% 39.8[33.2, 46.5]% 39.9 [28.8, 50.9]% 63.0 [46.4, 79.7]%
No GDM | GDM ; No migrant Migrant
v
59/864 2/10 41/141 39/91 56/157 15/27
6.6 [5.1, 8.1]% 22.7 [0.0,49.1]% 30.1[23.2,37.0]% 46.2 [37.1, 55.3]% 36.6 [29.5, 43.71% 56.0 [39.6, 72.4]%

Older siblings | No older siblings
v v

17/52 22/39
33.4[21.9, 44.9]% 62.2 [48.9, 75.4]%
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