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Abstract

Background: Islet autoimmunity commonly develops early inanfy. We assessed whether
specific parameters of early growth (including wvirtiggain) were associated with the
development of islet autoimmunity in children opéyl diabetes patients, taking individual
developmental patterns into account.

Methods: Growth parameters were estimated in n=1011 chilfls#bawed from birth in the
prospective BABYDIAB and BABYDIET studies using lgitudinal models. Cox
proportional hazard models, adjusted for study, gestational age, birth weight percentile
and maternal type 1 diabetes status, were caldulateassess hazard ratios (HR) for islet
autoimmunity with corresponding 95% confidence rvids (95% CI) by 2 SD increases in
growth parameters. In a subset of n=170 infants, investigated whether the growth
hormones IGF-1 and IGFBP-3 were in the causal paghw

Results: We found an early age at infant BMI peak to be essed with the development of
islet autoimmunity (HR 0.60 (95% CIl 0.41-0.87), p2r SD increase in age). Islet
autoimmunity was also associated with BMI differenbetween infant BMI peak and
childhood BMI rebound (HR 1.52 (95% CI 1.04-2.22)it not after adjustment for age at
infant BMI peak, and not with other parameters sashpeak height and weight velocity
during infancy. Serum concentrations of IGF-1 a@&#BP-3 at birth, 9 months and 2 years,
respectively, were not significantly different beewn children with and without later islet
autoimmunity.

Conclusions: Variations in early growth rate have subtle effeors the risk of islet

autoimmunity with growth hormones unlikely to bethe causal pathway.

Keywords: Islet autoimmunity, infant growth, Insulin-like@wth factor 1
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Introduction

Type 1 diabetes is one of the most common chras&ades in childhood, and its incidence is
rising worldwide with highest increases in youngldiien (1). The disease is preceded by a
preclinical period of islet autoimmunity leading tbe dysfunction and destruction of
pancreatic beta cells. Islet autoimmunity most camiy develops early in infancy with a
peak incidence around 1 to 2 years of age (2, I8réffore, factors that affect islet beta cells
or immune response to beta cells in the first yefatife are likely to be important for
programming the initiation of islet autoimmunity; &).

The development of type 1 diabetes is clearly emwirentally induced (6), but specific
causes remain to be determined. According to thelaator hypothesis (7), early growth and
weight gain are potential candidates, as the m@témth have been increasing worldwide in
recent decades (8-13). In a previous analysis,adeftcused on weight and body mass index
(BMI) after the age of 2 years and found no diffexe between children who developed islet
autoimmunity and those remaining autoantibody-riegdfl4). Several other studies reported
associations between growth and type 1 diabetés (1iS-23), but detailed data on the
relationship between islet autoimmunity and growithin the first year of life is scarce.
Furthermore, comparing height, weight or BMI betweepriori defined time points as done
in these studies does not take into account thdy el®velopmental patterns may differ
considerably between individuals (24). Here we aigeore elaborate approach, assessing age
and BMI at infant BMI peak and childhood BMI rebalirwhich denote the maximum and
minimum of a child’s individual BMI trajectory, rpsectively (25). Additionally, we
calculated peak height and weight velocity in eéfé; which have already been shown to be
associated with asthma (26), later BMI (27, 28) blodbd pressure (29). We assessed whether
these parameters of early growth — including weighin — were associated with the
development of islet autoimmunity using data fromo tprospective studies including up to

five height / weight measurements within the figstar of life. Further, we were able to
4
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examine the potential role of two growth hormonesulin-like growth factor-1 (IGF-1) and

insulin-like growth factor-binding protein-3 (IGFB® (30), in the causal pathway.

Methods

Sudy population

Data from two ongoing German birth cohorts of Hgatlieonates with a genetically increased
risk born between 1989 and 2006 (BABYDIAB, BABYDIETwere combined for
longitudinal analyses of islet autoimmunity and eéyp diabetes. The BABYDIAB study
examines the natural history of islet autoimmumibg type 1 diabetes in children born to a
mother or a father with type 1 diabetes. Recruitnbegan in 1989 and ended in 2000. In the
BABYDIET study, 150 newborns with a first degredative with type 1 diabetes and with
type 1 diabetes risk HLA genotypes were randomipegluten exposure at 6 or 12 months of
age between 2000 and 2006. The intervention haffaot on islet autoimmunity outcome or
on growth parameters (31). For both studies, ailddtaescription of the study design has
been reported previously (31-33). The studies veggroved by the ethical committee of
Bavaria, Germany (Bayerische Landesarztekammer 99857 and Ludwig-Maximilians
University No. 329/00 respectively). All familiesge written informed consent to participate
in the study. Investigations were carried out ircomdance with the principles of the

Declaration of Helsinki, as revised in 2000.

Growth measurements

Length or height and weight measurements duringnicyf were obtained by pediatricians or
general practitioners performing the examinatiointhe well-baby preventive health program
offered to all children in Germany (‘U-Untersuchend. These are regularly conducted at
birth and at the age of 3-10 days, 4-6 weeks adAd &7, 10-12, 21-24, 46-48 and 60-64

months. Thereafter, data on height and weight vsasssed during study visits in three year
5
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intervals in the BABYDIAB study and yearly in theABYDIET study. Length of children
below the age of 2 years was measured with antmfagter with a precision of + 1 mm and
height of children older than 2 years with a statdter with a precision of £ 1 mm. Weight
was measured digitally or beam using a scale wyheaision of £ 100 g. Sex and gestational
age specific birth weight percentiles were caladabased on German reference values (34)
and used to define small and large for gestatiamel status (<fband >98 percentile,

respectively).

Peak weight and peak height velocity

Height and weight growth curves for each individoased on their longitudinal growth data
through age 2 years were calculated using the Rewxiel (35), which is a modification of
the original Reed model (36) and was previouslyliaggn epidemiological studies (26, 27,
29). All available anthropometric measurements fiorth until the age of 2 years were used;
infants with fewer than 3 growth measurements aisd &wvins were excluded from all
analyses, yielding a sample size of n=1011. Grogutves were computed separately for
boys and girls using nonlinear mixed models wittargdom effects term for each person. For
each individualthe first derivative of thébest linear unbiased prediction (BLUP) of the
growth curve wasised to obtain growth velocity curves betweerhband the age of 2 years.
Peak height velocity and peak weight velocity waeéned as the maximum of the respective

growth velocity curves, respectively.

Age and BMI at infant BMI peak and childhood BMI rebound

The shape of the typical BMI curve is irregular ahdis modeling and interpretation of
individual longitudinal BMI curves of the entiredi span is complex (37). We focused our
analysis on age and BMI at infant BMI peak anddtiolod BMI rebound, as well as the

difference in age and BMI between those milestoB&&l. measurements were modeled in a
6
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piecewise fashion as previously described (38).9deaments in the age window 2 weeks to
18 months were used to model BMI curves aroundithimg of infant BMI peak, and BMI
measurements between age 18 months and 13 yeansilftirood BMI rebound using mixed
models (25, 26). Children with fewer than three sueaments per age window were excluded
from this analysis. Gender adjusted mixed modeth vandom intercept and random slope
for each individual and with a linear, quadraticdacubic effect of age to account for
nonlinearity of BMI change over time were appliedit the individual log-transformed BMI
curve for every child (38). Subsequently, age amndl Bt infant BMI peak and childhood

BMI rebound were derived as maximum and minimurthefindividual BMI curve (25, 26).

Outcome variables

Islet autoantibodies were measured in venous béaodples from scheduled visits. Children
in the BABYDIAB study had scheduled visits at bjréind at age 9 months, and at 2, 5, 8, 11,
14, 17 and 20 years of age, whereas children irB&BYDIET study had 3-monthly visits
from birth until the age of 3 years, and yearlyiluie age of 12 years. Measurement of islet
autoantibodies has been described elsewhere (33lsB2 autoimmunity was defined by the
development of persistent autoantibodies to omaare of the antigens insulin, GADGE5, 1A-2
or Zn-T8, and multiple islet autoimmunity by theepence of persistent autoantibodies to
more than one of the antigens. Samples with vaiewe the 99th percentile of control
children were defined as positive. Persistence defsned as positive in at least two
consecutive samples and in the last available sangdt autoantibody assays were evaluated

by the Diabetes Autoantibody Standardization Progi40).

Determination of IGF-1 and | GFBP-3 concentration
Serum IGF-1 and IGFBP-3 concentrations were detexchiat birth and at the age of 9

months and 2 years in a subset of the children.artadysis was restricted to samples never
7
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defrosted, including 74 children who developedtislatoantibodies during follow-up (29
samples at birth, 46 samples at age 9 months, hplea at age 2 years) and 96 randomly
selected children who remained islet autoantiboelyative (48 samples at birth, 51 samples
at age 9 months, 15 samples at age 2 years). |@RdlIGFBP-3 concentrations were
determined by an automated chemiluminescence afS$¥5S, IDS) according to the
manufacturer’s instructions. The lower limit of quification of the assays was 10ng/ml for

IGF-1 and 80ng/ml for IGFBP-3.

Satistical analysis

Associations between growth parameters and thelamwent of islet autoimmunity were
analyzed by Cox proportional hazards regressiorzaihRatios (HR) with corresponding
95% confidence intervals (95% CI) were estimate®fetandard deviations (SD) increases in
growth parameters. All models were calculated withaclusion of covariates (unadjusted)
as well as adjusted for study (using random effecdsx, gestational age, birth weight
percentile and maternal type 1 diabetes statusinfksmation about breastfeeding was
missing in 103 subjects, we adjusted for breasifigeth a sensitivity analysis only. No
adjustment was made for HLA risk, as this would enavolated the proportional hazards
assumption of the Cox regression models. Growthmaters of children were also compared
relative to the presence of HLA risk genotypes enéd by the TEDDY study (41). In a
sensitivity analysis for parameters in the perietbke infant BMI peak, we excluded children
who developed islet autoimmunity before age 18 im®rib avoid backward causation. In
another sensitivity analysis, models of growth peseters after infant BMI peak were
additionally adjusted for age at infant BMI peak.

Levels of IGF-1 and IGFBP-3 at 9 months were catszl with the age of infant BMI peak
and compared between children with and withoutr letlet autoimmunity using the Mann-

Whitney U test. Linear regression was used to adjhe association between islet
8
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autoimmunity and IGF1 / IGFBP-3 by maternal typdidbetes status, sex, cesarean section
and weight for gestational age status. Statissogificance was determined by an alpha-

level of 0.05.

Results

Growth

Growth indices were calculated from 1011 childréalje 1). Distinct growth phases could
be discerned with infant BMI peak occurring on aggr at 9 months of age and childhood
BMI rebound at 5 years (Figure 1).

Overall, peak growth velocity was higher in boysngared to girls, and boys had higher BMI
values at infant BMI peak and childhood BMI rebouyii@ble 2). Maternal type 1 diabetes
during pregnancy, weight for gestational age stawmrsd HLA risk status were also
significantly associated with infant growth. Brdastling of three months or more was
associated with lower peak height and weight vgpdiut not with other growth parameters
(data not shown).

Within the initial period of increasing BMI, an éaage at infant BMI peak was significantly
associated with development of islet autoantibo(bey islet autoantibodies: unadjusted HR
0.64 (95% CI 0.45-0.91) and multiple islet autolandiies: unadjusted HR 0.59 (95% CI 0.37-
0.95) per 2 SD increase in age; Table 3). The &ssmts remained significant after
adjustment for sex, maternal type 1 diabetes statdsweight for gestational age status (any
islet autoantibodies: adjusted HR 0.60 (95% CI @A) and multiple islet autoantibodies:
adjusted HR 0.54 (95% CI 0.33-0.89) per 2 SD irseea age). Peak weight velocity, peak
height velocity and BMI at infant BMI peak were nsignificantly associated with islet
autoimmunity risk. The results were similar if cign who developed islet autoimmunity

before age 18 months were excluded (data not shown)
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Examining parameters within the following BMI dease period, islet autoimmunity risk was
positively associated with BMI difference betweeriant BMI peak and childhood BMI
rebound (any islet autoantibodies: adjusted HR 1®®6 Cl 1.04-2.22); multiple islet
autoantibodies: adjusted HR 2.08 (95% CI 1.23-3d&¥)2 SD difference, Table 3), but not
with BMI or age at childhood BMI rebound. After atidnal adjustment for age at infant BMI
peak, BMI difference between infant BMI peak andldttood BMI rebound was not
significantly associated with islet autoimmunitgkiany more (adjusted HR 1.16 (95% CI
0.76-1.75)). The two growth parameters were inlgrserrelated with each other (Pearson’s
r=-0.50).

Additional adjustment for breastfeeding yielded esnidentical results (data not shown).

IGF-1 and IGFBP-3

Age at infant BMI peak was significantly correlatedth IGF-1 (r=0.25,P=0.01), but not
with IGFBP-3 (r=0.03P=0.77) at 9 months. However, serum concentratidn&Bb-1 and
IGFBP-3 at birth, 9 months and 2 years, respegtiwetre not significantly different between
children who developed islet autoantibodies anddodm who remained islet autoantibody

negative in unadjusted and adjusted analyses ¢tdbdad 5).

Discussion

Variations in growth and growth signaling molecules/e been previously associated with
type 1 diabetes but detailed data on the relatiprnisétween islet autoimmunity and growth
within the first year of life is scarce. We invegstied growth parameters in early infancy and
observed that early age of infant BMI peak and Hal difference between infant BMI
peak and childhood BMI rebound were associated mitheased risk of islet autoimmunity,
while other growth parameters including peak heightl peak weight velocity were not.

However, early age at infant BMI peak was assodiatgh higher BMI difference between
10
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infant BMI peak and childhood BMI rebound and diartfy explain the association of the
latter parameter with islet autoimmunity.

The change in BMI during early infancy (figure ¥)iemarkably similar to the change in
incidence of islet autoimmunity during this peri(®] 3). It is likely that body composition
changes influence beta cell activity and thus extly modify risk of islet autoimmunity.
Supporting this notion, we found subtle differendes children who developed islet
autoantibodies, potentially indicating that chilldeave a higher type 1 diabetes risk if their
body begins to stretch early and / or if they haygonounced childhood BMI rebound.

Our findings are novel since longitudinal modelwifginfant growth in the first years of life
has not been reported in children who develop alébimmunity. Added to previous reports
of higher weight or height velocities in childreevéloping islet autoimmunity, there is now a
growing body of evidence that growth demands onhée cell influence the risk of islet
autoimmunity. This influence appears to be minorméver, and it is unknown whether it can
be extrinsically modified by, for example, diet.

The rationale to use differences of 2 SD for eagwth parameter, as was done in most
previous studies on this topic (27-29), was to metkanges in these parameters comparable
to each other. Although the magnitude of the déifeies between islet autoantibody positive
and negative children is insufficient to impactkriasssessment, they do provide clues to
possible pathogenetic mechanisms. IGF-1 is an itapbanti-apoptotic factor, regulates beta
cell growth and survival, and IGF-1 replacementrdpees delay onset of autoimmune
diabetes in these models (42). A decrease in IG&Atentration after birth may, therefore, be
of relevance to the heightened risk of islet autibady seroconversion seen between 6 and
24 months of age (2, 3). We therefore examined hdrethildren who developed islet
autoimmunity differed in IGF-1 and IGFBP-3 concatitns at birth and around the time of
the infant BMI peak. IGF-1 concentrations were agged with the age of the infant BMI

peak and were lower in samples at age 9 months a@upo birth suggesting that there is an
11
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evident relationship between growth velocity parsere and growth signalling molecules.
However, concentrations of both hormones were amtietween children with and without
later islet autoimmunity. Thus it seems rather tjoeable that these growth hormones are in
the causal pathway between early growth / weight gad islet autoimmunity, although we
cannot exclude that the statistical power of thers&lyses was too low to detect significant
differences, as these could be performed in only df7the 1011 children. The fact that we
had to exclude a large number of children from analyses because they had fewer than
three growth measurements might be another potemtéavback of this study. Further,
considering the relatively low number of events1(85), we cannot preclude that we missed
associations of islet autoimmunity risk with cemtajrowth parameters due to insufficient
statistical power. It might further be argued thatameters such as peak height and weight
velocity could be too imprecise in general to fimganingful associations with the sample
size of the underlying data. However, in a dataset similar size, significant associations of
these growth parameters have been detected wipeaet blood pressure measurements in
10-year old children (29). It is also unclear whegtthese findings in genetically high-risk
children can be generalized to infants in the gan@opulation. However, it appears
practically impossible to conduct such a prospetyivdesigned study with frequent
measurement of islet autoantibodies in a genem@llption setting.

In conclusion, our study demonstrates that the tasklevelop islet autoimmunity is subtly

affected by early growth, with growth hormones kelly to be in the causal pathway.
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450 Table 1. Characteristics of N=1011 study subjects witheast one of the growth indices peak
451 weight velocity, peak height velocity, infant BMeeak (BMIP), childhood BMI rebound

452 (BMIR) determined. Percentages refer to non-missaiges.

Mean (SD) or
n (%)

Follow-up in years 14.2 (3.8)
Peak weight velocity in kg/year 12.0 (2.2)
Peak height velocity in cm/year 45.9 (8.0)
Infant BMI peak (BMIP)

BMI at BMIP in kg/nf 17.0 (1.1)

Age at BMIP in months 8.9 (0.6)
Childhood BMI rebound (BMIR)

BMI at BMIR in kg/n?f 15.4 (1.1)

Age at BMIR in years 5.2 (1.0)
Gender

Male 507 (50.1 %)

Female 504 (49.9 %)
HLA

low and medium risk 680 (67.9 %

high risk 321 (32.1 %)
Gestational age in weeks 38.8 (1.8)
Birth weight percentiles 56.8 (30.7)
Weight for gestational age status

small for gestational age (SGA) 91 (9.1 %)

appropriate for gestational age (AGA) 706 (70.8 %)

large for gestational age (LGA) 200 (20.1 %)
Maternal type 1 diabetes status

Yes 602 (59.5 %)

No 409 (40.5 %)
Breastfeeding

> 3 months 605 (66.6 %)

< 3 months 168 (18.5 %)

No 135 (14.9 %)
Any islet autoantibodies 135 (13.4 %
Multiple islet autoantibodies 75 (7.8 %)
Type 1 Diabetes 46 (4.5 %)
Development of autoimmunity in years 5.4 (4.0)

453
454
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Table 2. Mean (SD) of growth indices stratified by studwardcteristics

Maternal type 1 diabetes

Gender HLA risk Weight for gestational age status
status
male female yes no normal high SGA AGA LGA
Peak weight velocity 1311.9) 10.9(1.9) 12.0 (2.2) 12.1(2.2) 12@.2) 11.8(2.1) 12.2(1.9) 12.0(2.1) 11.8(2.4)
Peak height velocity 48%7.6) 43.8(7.9) 46.3(8.5) 45.8(7.2) 46.4(8.2) 44.8(7.6) 50.8(8.0) 46.3(7.7) 42.5(7.6)
Infant BMI peak (BMIP)
BMI at BMIP 17.8(1.1) 16.7(1.1) 17.1(1.1) 16.9(1.1) 17.0 (1.1)  17.0 (1.1) 188.1) 16.9(1.1) 17.6(1.1)
Age at BMIP (months) 8.8 (0.6) 8.9 (0.6) q4/3.6) 8.9(0.6) 8.9 (0.6) 8.9 (0.6) 910.6) 89(.6) 8.7(0.5)
Childhood BMI rebound
(BMIR)
BMI at BMIR 15.8(1.1) 15.8(1.1) 15.8(1.1) 15.8(1.1) 15.4 (1.1)  15.4 (1.1) 18@.1) 15.83(1.1) 159(1.1)
Age at BMIR (years) 5.3 (1.0) 5.2 (1.0) 521j1. 5.3(1.0) 5.2 (1.1) 5.3 (1.0) 8@.1) 5310 56@1.1)
Difference BMIP and
BMIR
BMI difference 1.8(1.0) 1.4(1.0) 1.6 (1.0) 1.6 (1.0) 1.6 (1.0) 1.7(0.9)  1.5(1.1) 1.6(1.0) 1.6 (1.0)
Age difference (years) 4.5 (1.0) 4.5 (1.0) 4.9(1. 4.6(1.0) 4.5 (1.0) 4.5 (1.0) A@.1) 46310 43@1.0

3P.value of t-Test<0.05 P°P-value from ANOVA <0.05
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Table 3. Hazard rates (HR) for risk of islet autoimmurity early growth parameters (one per model) withaitkdout adjustment for study
(random effect), gender, gestational age, birtlghtgpercentile and maternal type 1 diabetes status.

Any islet autoantibodies

Multiple islet autoantibodies

Unadjusted Adjusted Unadjusted Adjusted P
HR® (95% ClI) HR® (95% ClI) HR® (95% ClI) HR® (95% ClI)
Peak weight velocity 0.95(0.68-1.33) 0.767 10858-1.51) 0.950 1.18 (0.75-2.13) 0.466 1.38 (@&%2) 0.230
Peak height velocity 1.00 (0.71-1.40) 0.982 1.07q¢aL.62) 0.760 0.84 (0.52-1.35) 0.471 0.84 (&2 0.580
Infant BMI peak (BMIP)
BMI at BMIP 1.03(0.73-1.44) 0.871 1.07 (0.73-1.56.740 1.37 (0.87-2.15) 0.176  1.47 (0.89-2.44) 30.1
Age at BMIP 0.64 (0.45-0.91) 0.013 0.60(0.41-9.80.007 0.59 (0.37-0.95) 0.029 0.54 (0.33-0.89).016
Childhood BMI rebound
(BMIR)
BMI at BMIR 0.78 (0.55-1.13) 0.192 0.76 (0.52-1.120.160 0.81 (0.49-1.32) 0.397 0.76 (0.45-1.28) 300.
Age at BMIR 1.07 (0.75-1.52) 0.720 1.12(0.78-1.62).530 1.18 (0.73-1.90) 0.509 1.30(0.79-2.15) 00.3
Difference BMIP and
BMIR
BMI difference 1.44 (1.00-2.07) 0.049 1.52(1.022 0.032 1.87 (1.14-3.06) 0.013 2.08 (1.23-3.510.006
Age difference 1.04 (0.76-1.54) 0.838 1.09 (0.7&*1L 0.640 1.10 (0.75-1.92) 0.451 1.33(0.81-2.19).250

per 2 SD increase in growth parameters: 4.3 kgfgggeak weight velocity; 16 cm/year for pealighe velocity; 1.2 months for age at BMIP; 2.1 kgfor BMI at BMIP;

2.1 years for age at BMIR; 2.2 kgfrior BMI at BMIR
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Table 4. Serum concentrations of IGF-1 at birth, 9 monthg 2 years.

IGF-1 (ng/ml), Median (IQR)

N At birth N 9 months N 2 years

Islet autoantibody status

positive 29 82.6 (71.0-99.7) 46 35.0 (27.0-53.0) 15  48.42BR.1)

negative 48 79.5 (62.6-101.6) 51 34.3 (25.0-54.0) 15  46196364.1)
Gender

Male 34 77.0 (61.8-96.0) 54 32.3 (24.0-45.3) 6 1 47.0(29.0-59.5)

Female 43 87.0 (69.0-103.0) 43 43.0 (28.5%9.6 14  51.7 (31.6-62.2)
Maternal type 1 diabetes status

Yes 23 79.0 (54.1-95.0) 32 39.5 (31.6-57.0) 16  49.15&r.7)

No 54 82.5 (67.0-101.8) 65 32.4 (25.3-47.0) 14  47(68352.2)
Cesarean section

Yes 20 74.1 (56.8-89.4) 35 37.0 (31.0-59.6) 9 47.0648R.2)

No 55 86.0 (67.0-104.0) 60 33.6 (23.5-47.3) 21  480183%9.1)

Large for gestational age
status (LGA)
Yes 19 94.0 (82.6-101.9) 20 45.2 (30.2-60.0) 6 47.1934.8)

No 53 76.7 (61.1-99.7) 73 33.1 (26.0-49.0) 24 48.313FB.2)




Table 5. Serum concentrations of IGFBP-3 at birth, 9 moiig 2 years.

IGFBP-3 (ng/ml), Median (IQR)

N At birth N 9 months N 2 years
Islet autoantibody status
positive 29 1684 (1525-1922) 46 2108 (1627-2725) 15  2708523111)
negative 48 1582 (1396-1812) 51 2220 (1801-2655) 15  263931/74)
Gender
Male 34 1566 (1425-1774) 54 1968 (1587- 2365) 16 3928990-2713)
Female 43 1661 (1445-1905) 43 2448 (1824-2796) 14869 22454-3111)

Maternal type 1 diabetes status

Yes 23 1655 (1390-1922) 32 2352 (1854-2824) 16  268982%177)

No 54 1627 (1443-1814) 65 2011 (1648-2537) 14  2676%23774)
Cesarean section

Yes 20 1517 (1318-1707) 35 2198 (1802-2464) 9 3097423300)

No 55 1684 (1481-1922) 60 2079 (1632-2734) 21  2572324724)

Large for gestational age
status (LGA)
Yes 19 1661 (1524-1922) 20 2514* (2168-2995) 6 24101222639)

No 53 1631 (1409-1884) 73 2080* (1648-2476) 24  271D922967)

* P-value of Mann-Whitney-Test <0.01



Figure Legend
Figure 1. Mean of body mass index (BMI) values with 95% cdehce intervals over time
connected via piecewise polynomial splines (BMi#aht BMI peak, BMIR: childhood BMI

rebound) in boys and girls, respectively.
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