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Abstract

Background and aims. The double-blind randomized European Childhoodsipé&roject
(CHOP) demonstrated that reduced protein conteinfamt formula leads to a lower body
mass index (BMI) up to six years of age. Here weedl at assessing pre-peritoneal fat, a
marker of visceral fat, in children participatingthe CHOP trial.

Methods and results: Healthy term formula-fed infants in five Europeaountries were
randomized either to higher (n = 550) or lower (849) protein formulas in the first year of
life. Infants who were exclusively breastfed folestst three months (n = 588) were enrolled
as an observational (non randomized) group. Atsagears, subcutaneous fat (SC) and pre-
peritoneal fat (PP) were measured by ultrasouradsabgroup of 275 children. The PP fat
layer was thicker in the higher compared to thedioprotein group (adjusted estimated
difference: 0.058 cm, 95%CI 0.002; 0.115; p=0.048hile SC fat was not different. Girls
showed a thicker SC fat layer than boys.

Conclusions: Higher protein intake in formula-fed infants apggetm enhance pre-peritoneal
fat tissue accumulation at the age of 5 yearsnbtbf subcutaneous fat, which may trigger

adverse metabolic and health consequences.
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Introduction

Obesity is an increasing health problem in bothltadand children, because obese
children tend to be overweight or obese in adulthiodlthough a few studies in the last
decade report some symptoms of stability in obgmigyalence, they are not representative
of all populations and age group®besity is an important risk factor for insulin istance,
abnormal metabolic response and dyslipidemia, amdli@vascular diseaseThere is
growing evidence that not only the total amounfatf but in particular visceral body fat,
determines risks for metabolic and cardiovasculsease. Health risks are associated
primarily with the excess central fat compartmeonsisting of visceral adipose tissue and
subcutaneous adipose tisdue.

The mechanisms of the association between vistaraind disease risk are not clearly
established. Visceral fat produces several facteith endocrine functions, including
adipokines and cytokines, that affect insulin s@nss, lipid metabolism, and
inflammation® Visceral fat is also a major site for metabolizisgx steroids and
glucocorticoids

CT scanning, a gold standard in the direct evalnatif visceral adiposity, is unsuitable
for epidemiological or clinical studies in healtblyildren because of considerable radiation
exposure. Magnetic resonance imaging can also provide detdiliat distribution and is
radiation-free, but it requires children to lidldor considerable periods, is time-consuming
and expensivé. Sonography is noninvasive, radiation-free, of fedi cost and easily
accessible. It can be performed within several teisiueven in very young children, is safe
and does not present any detectable healthUsikg ultrasound, subcutaneous fat (SC) as

well as pre-peritoneal fat (PP) can be easily measu
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Pre-peritoneal fat estimated by ultrasound is &eraof visceral fat measurement by CT,
since several studies show a high correlation bstwiae two methods, indicating that
ultrasound can be used to assess abdominal febdtonin adults and childrer®®

The European Childhood Obesity Project (CHOP) lemanhstrated that a lower protein
content in infant formula reduces body mass in@&MIj at two and at six years of age!?
Moreover, the children fed with formula with a haglprotein content had also higher levels
of insulin-like growth factor-1 (IGF-1) at 6 monthsf age'® which was shown to
preferentially stimulate differentiation of viscéfat preadipocytes in childref.

Since the main objective of the CHOP study is ttewheine the relationship between
early nutrition and later obesity, as well as aagequences, the assessment of body fat mass
and fat distribution as a possible key driver ¢édaardiovascular risk factors is of interest.
The aims of this secondary analysis are to obtaithér insights into the effect of early
nutritional intervention - different protein intake infancy - on the amount of pre-peritoneal
(PP) and subcutaneous (SC) fat measured by ulmdsatithe age of five years.

Methods

Study design

The design of the CHOP study has been reportediqusly!' Briefly, CHOP is a
randomized double-blind intervention study. Infamtere enrolled during the first eight
weeks of life at centers in five countries. The {ehoohort is followed-up with regular
anthropometrical measurements and additional examms and interviews.
The Medical Ethics Committees of all study centgproved the study protocol and written
informed parental consent was obtained for ea@ninf

Intervention

Healthy, full-term singleton infants born betweeAlQ2002 and 31/7/2004 were

recruited in the eleven sites in Germany (Municlkl &uremberg), Belgium (Liege and
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Brussels), Italy (4 sites in Milan), Poland (War$aamd Spain (Reus and Tarragona). At
recruitment, breastfeeding was encouraged and sigoho
If parents expressed the wish to formula feed,rtimfant was randomized to one of the
intervention groups. Infants were enrolled in thedstfed observational group if parents
expressed the intention to exclusively breastfeeatff least three months. Breastfed children
who stopped breastfeeding within the first 3 montheye excluded. The intervention
consisted of two sets of infant and follow-on fotaiwith either conventional (2.05 and
3.2 g/dl; HP) or reduced (1.25 and 1.6 g/dl; LPtein but equal energy contents. These
were given for the duration of the first year & liAll formulae complied with the 1991 EU
Directive on Infant and Follow-on Formuld&ldentical energy density was achieved by
adapting the difference in energy caused by diffeaé protein content with the fat content.

Study population and data collection

A total of 1,678 infants (distributed as 540 LPQ33P, and 588 BF) were enrolled ; the
median age at the baseline visit was 16 days. c@lirdetails of the participants have been
published previously* Ultrasound measurements were offered to all stualfigipants
(n=655) who were taking part in the 5 year exanmmat

The children’s length and weight at birth came frieospital records. All anthropometric
measures were taken by trained professional stedsopnel. Methods were based on the
WHO Multicentre Growth Reference StutRWaist circumference was measured at the
uppermost lateral border of the hip crest (ilium).

Data on the parents’ educational levels, type divelg,, maternal behavior during
pregnancy, family medical history, and the childsgohysical activity (including time with
computers and TV) was collected using questiongsaire

Ultrasound measurement of pre-peritoneal and sudreedus fat



116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

The method of abdominal fat measurement by ultnaddwas been previously described
by Suzuki et al” and validated in infants by Holzhauer et®as well as in 9 % years old
children by Mook-Kanamori et &l.Briefly, pre-peritoneal fat thickness was measirgd
trained person in each dedicated center with atit@nsducer, placed perpendicular to the
skin surface on the median upper abdomen. Scares peeformed longitudinally from just
below the xiphoid process to the navel, along thdline, at the end of a spontaneous
inspiration. All measurements were performed ofeliThe pre-peritoneal fat was measured
as the distance between the linea alba and th®peum on top of the liver. Subcutaneous
fat was measured as the distance between the swfaubcutaneous tissue and the linea
alba. The fat mass areas were measured as aréasnoiength along the midline starting
from the maximum pre-peritoneal distance in theation of the naveFigure 1

Images were saved and transferred to the Childréfesnorial Health Institute in
Warsaw, Poland. Blinded measurements with a maouedor placement method were
performed by one trained physician (K.G.). Threeasueements were performed on each
picture and mean values for PP and SC fat werelleaéc.

Statistical analysis

Symmetric continuous data is presented as meaantlatd deviation (SD), and skewed
continuous and count data as median and interitpiaaihge [IQR]. Comparisons between
the feeding groups were performed using Studertestt Wilcoxon rank sum tests or X2-
tests, respectively.

A linear regression model was applied to estimagegender and study center -adjusted
difference between the two randomized formula gso(pinimally adjusted model). To
examine confounding, we additionally adjusted thedet for parameters which differed
either between the randomized groups, or betweenotiginal study cohort and the

measured subgroup: parental education level, srgakirpregnancy and baseline BMI z-
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score, as a marker of both birthweight and birttgte (fully adjusted model). Residual plots
and leverage values were checked for model spatidit.

Data management was done with SAS version 9.3 (B&ftute Inc, Cary, NC) and
statistical analysis with R 3.1.1 (The R FoundatmmStatistical Computing).

Results

Subject characteristics

Fifty percent (n=550) of the randomized 1090 foraatdd children were either excluded
for non-compliance during the first year of lifelost to follow-up, or excluded for illness or
medication until the age of 5 years. Dropout numlard reasons were not significantly
different between the two randomized groups. Los®low-up and non-compliance was
higher in the observational breastfed group (57884d).Figure 2.

All children taking part in the visit at five yeao$ age were invited to an additional visit
to explore abdominal fat. Forty-five percent (n=p®7 the families of these 655 children
agreed to attend the study center for the additiofteasound examination. Images of
adequate quality were obtained in 275 of thesescddds subsample had a slightly higher
birth weight and birth length, higher parental estian level and lower number of mothers
smoking during pregnancy compared to the origstady population. Detailed clinical
characteristics of this subgroup are liste@able 1. The two groups of formula-fed infants
(HP and LP) differed in birthweight, father's edtion, and maternal smoking in
pregnancy. Breastfed children differed from therfola-fed in terms of socioeconomic
status of the family, and prevalence of smokingrggnancy.

Early protein intake and fat distribution

In children from the HP compared to the LP groupdfude, non-adjusted results showed
significantly higher values of PP fat layer - med@501(IQR 0.377;0.637) vs. 0.432(IQR

0.330;0.553); p=0.038 and PP fat area - median70@R 0.322;0.540) vs. 0.360(IQR
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0.273; 0.470); p=0.020. The PP fat layer tendeoetthicker after minimal adjustment for a
study center and gender (adjusted estimated differe0.052 cm, 95%CI -0.003; 0.106;
p=0.062 ), and was significantly thicker if additadly adjusted for parental education,
maternal pregnancy smoking and baseline BMI z-s(apisted estimated difference: 0.058
cm, 95%CI 0.002; 0.115; p=0.043 ). The PP fat avas larger in HP than in LP formula-
fed children in both models, the minimally adjustad the fully adjustedTable?2. In
contrast, no differences in SC fat layer thicknass SC fat area were detected between the
formula-fed groups. Waist circumference and BMbayears of age did not significantly

differ in our sample between the two interventiooups.

Comparison with breastfed and gender differences

Since the breastfed observational group differedsaveral parameters from the
randomized groups and confounding effects may bhesare, we consider this comparison as
explorative. Comparison of fat layers and areasvéen all formula-fed children and
breastfed children showed no significant differencélowever, significantly higher SC fat
layer and area was observed in the HP group, congpér breastfed children in a linear
regression model including all three feeding grod@ble 3. The SC fat measures were also
higher in children of mothers smoking during pragna

We looked for gender differences in the whole stsaiyple and observed a significantly
thicker SC fat layer and larger area in girls coragao boys: median for layer 0.280 (IQR
0.188;0.437) vs. 0.195 (IQR 0.117;0.316); p<0.0@MW median for area 0.285 (IQR
0.174;0.437) vs. 0.201(IQR 0.119;0.319); p<0.00@%pectively. The SC fat also differed
after adjustment for a study center and feedingigre layer: estimated difference 0.072

cm; 95% Cl 0.022; 0.123; p=0.005, area: estimaiffdrence 0.069 cfy 95% Cl 0.019;
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0.120; p=0.007. No differences were observed irfiad@PThere was no statistical significant
interaction effect between feeding type and gemdany of the analyses.

Discussion

Here we demonstrate for the first time that modiiien of the protein content of infant
formula fed during the first year of life may affehe central fat distribution in healthy
prepubertal children. This is in line with previogousblications from the CHOP study which
have shown the effect of higher protein intakerifancy on early weight gdih and later
BMI and obesity risk? The long-term effect of this early nutritional éntention on later
abdominal fat distribution supports the hypothedlsat a high early protein intake may
increase the risk for later cardiovascular diseases

A number of epidemiological studies have shown Weteral fat plays an important role
in the pathogenesis of several metabolic and caadmular diseases in adults and in
children? *° Adolescents with a prevalent visceral fat distribathave a five times higher
risk of developing metabolic syndrome than thosehwsubcutaneous distributiéh.

Therefore, early risk factors need to be studiethane detail.

To our knowledge, this is the first study basedaodlinical trial evaluating effects of
early protein intervention on measures of centedl deposition in children. However,
abdominal fat has already been used as an outcorsieidies exploring effects of other
dietary variables. In a randomized trial with psien of n-3 long chain polyunsaturated
fatty acids (LCPUFA) or control during pregnancyddactation, Hauner et &. found no
differences in skinfold thickness and abdominahfi@asured by ultrasound at 1 year of age.

We used a validated method of ultrasound measuttenfeabdominal fat. Although,
according to existing literature, waist circumferenis also a good single predictor of

visceral fat in childre?in our sample we have not demonstrated a signifidéiference in



215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

waist circumference between formula-fed groupsJevtiie HP group showed increased PP
fat.

The mechanisms behind the relationship of earlyemantake and fat distribution are
not clear. Nutrition and, in particular proteinake, can affect growth hormone secretion,
which is the primary determinant of IGF-1 produntia the liver?® Evidence suggests that
protein restriction results in low IGF-I concentoas in healthy childref Furthermore,
protein intake from cow’s milk was positively assded with IGF-I concentrations in
children? Higher IGF-1 levels were also demonstrated in HRgared to LP group in our
own CHOP cohort at the age of 6 months.

It has been suggested that the IGF-1 axis may bgrammed by diet during infancy
through a resetting of the pituitary control of wtb hormone on IGF-1 levels as a response
to high IGF-1 in early childhooff. Larnkjaer et al. demonstrated a negative cormiati
between IGF-1 levels at 9 months and 17 yearscatidig a long-term programming
effect?”’

We speculate that a protein-induced stimulatiomstilin-like growth factor axis, may
play a role in an adipocyte differentiation and lipeoation. Grohmann et al. described
regional differences in the effects of IGF-1 onpadjenesis® Exogenous IGF-1 upregulated
the adipogenic potential of primary cell culturéssobcutaneous and visceral preadipocytes
from normal prepubertal children. It stimulatedfeli€ntiation more effectively in cells
derived from the visceral fat depots. It is possithlat there may be a difference in a receptor
distribution, which could lead to differences ireoall adipose tissue sensitivfty.

The reasons for a difference in SC fat betweerHiBeggroup and BF children remain not
fully explained. Although breastfeeding is assaatvith lower IGF-I concentrations in
infancy® #° there are probably more factors than early proimtiake influencing the pre-

peritoneal and subcutaneous fat distribution inlbiteastfed children. One of them could be

10
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leptin, as higher leptin serum levels were obserwedhe first four months of life in
breastfed than in formula-fed infants, due to thesence of leptin in the mother’s mifR It

is not clear if leptin could provide a link betwebreastfeeding and later child’s fat mass
distribution. We hypothesize that there is a compteechanism probably involving both
IGF-1 axis and leptin. The latter was recently show children between 2 and 6 years of
age to predict subcutaneous fat mass gain overtgtier than in other locatiors.

Although variations in the accumulation and disttibn of fat between boys and girls are
well-documented in adolescenrifdjttle data are available on sex differences durigly
childhood and the results are not consisté@ur findings are in accordance with studies by
Goran et al. and Herd et al., who showed more gaheous fat in pre-pubertal girls than
boys** * We also confirm the results of Liem et al. demaatstg sex differences in the
ratio between visceral to subcutaneous adiposaetiaseasured by ultrasound in 6- to 7-
year-old childrerf®

Another interesting observation from our study waasignificantly higher SC fat layer
and area in children of mothers smoking during paegy. A meta-analysis of 17 studies
found that children of mothers who smoked beingypaat had an increased risk of obesity
at the age of 9 year§ Durmus et al. demonstrated increased obesity affd3C and PP fat
in 6 years old children from Generation R, whoseh®as smoked during pregnancy, but
they did not report any selective increase in SCda in our sample of childréf.This
observation needs to be confirmed in other studies.

Strengths and limitations

Our study was a follow-up of a double-blind earlytritional intervention trial with
randomization. We recruited a large, homogenousmuad healthy children from different
European populations. The distribution of childeanong countries was not equal, due to

local possibilities and the availability of quadifl personnel. The highest number of children

11
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was evaluated in Italy and Poland, but no significdifferences in the distribution between
the HP vs. LP group was observed within these stedyers.

However, the study had more limitations. The longofv-up time was associated with
significant attrition. The lost to follow-up wagwlar to other cohorts, and was suggested as
acceptable in the context of long-term follow-updies in healthy childreff. Based on
available data the subgroup participating in tmsalgsis differs from the original CHOP
cohort in respect of higher baseline BMI, higherttweight and birth length, better
education and less smoking in pregnancy in motbieckildren included in the evaluation. .
A potential influence of each of these parametarshe results obtained was analyzed with
linear regression models. There was only a bortedifference of PP fat layer between the
LP and HP group in the minimally adjusted model wat significant in the case of PP fat
area. It may be due to the influence of other dates on the effect. However, similarly to
our experience, Holzhauer et al., in a study peréat in infants, also found slightly better
reproducibility of an ultrasound abdominal fat armeaasurement over a simple distance

measurement®

There are several advantages of using ultrasourasiessing body fat, but interpretation
of ultrasound images requires some technical skitl practicePP fat provides a good
approximation of visceral fat, but a recent study Koot et al. demonstrated that the
correlation of ultrasound results with visceral padiity quantified by MRI was not
satisfactory in severely obese children and adetest’ This is not in the case of our study,
as the prevalence of obesity in our sample oflolil was 5.1%, (16% overweight), which
is comparable to other reported European colbrts.

According to Bazzocchi et al. potential limitatioassociated with ultrasound abdominal

fat imaging can be related to technique or methmyloal issues. Reproducibility was more

12
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stable if special attention was paid to the phdsespiration, when the measurement was
performed, and quality of equipment used for meaments'” In our study common
training sessions for sonographers from all studgpters were organized and all final
measurements from saved scans were performed biraned person. In order to improve
the reproducibility we used a standardized prot@ea high-quality ultrasound equipment
in all centers. Although different devices weredige each center, including one using a
transducer with lower frequency (5-10 MHz, Bruskeddl of them were adequate for the
purpose of the study measurements.

Because of a long distance between the study sgmerstandard inter-center variability
analysis was possible to perform. Despite detageghdard operating procedures and
common training sessions for sonographers, theoettre aware of a bias during image
acquisition. Because of a random distribution afdchn to high and low protein groups and
adjustment for potential confounding, the risk ofakse positive result is low, but still it
cannot be excluded, that the study may be undemsolved detect some other smaller
effects.

Conclusions

Higher protein intake in formula-fed infants apmedo enhance pre-peritoneal fat
accumulation in the preschool age, but not of stas®ous fat tissue. This observation
supports the hypothesis of programming effects aflye nutrition on mechanisms
responsible for central fat distribution. The effexf breastfeeding on abdominal fat
distribution is not consistent.
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Table 1. Characteristics of the study sample with measured abdominal fat.

Lower protein Higher protein Breastfed
(LP) (HP) (BF)
N Mean % SD; N Mean % SD; N Mean % SD;
Median [IQR]; N (%) Median [IQR]; N (%) Median [IQR]; N (%)

Country 97 86 92

e Germany 9(9.3) 5(5.8) 6(6.5)

e Belgium; Liege/ Brussels 8(8.2);7/1 3(3.5); 1/2 13(14.1); 11/2"

< ltaly 46(47.4) 45(52.3) 48(52.2)

+ Poland 30(30.9) 31(36.0) 24(26.1)

« Spain 4(4.1) 2(2.3) 1(1.1)"

Parents:

m;;:qezr)'s pre-pregnancy BMI 93 23.62+4.39 84  24.44%5.09 82 23.07+4.60
Father's BMI (Kg/m2) 97 25.83+4.09 86 26.40+3.62 91 25.70+3.58
Education — mother (ISCED) 96 86 92

« No/low 20(20.8) 14(16.3) 7(7.6)""

e Middle 61(63.5) 54(62.8) 52(56.5)

« High 15(15.6) 18(20.9) 33(35.9)"7
Education — father (ISCED) 96 86 92

e No/low 29(30.2) 11(12.8)* 13(14.1)"

e Middle 52(54.2) 59(68.6) 54(58.7)

 High 15(15.6 16(18.6) 25(27.2)
Pregnancy and birth:
Cesarean section 97 33(34) 86 24(27.9) 92 17(18)"
Gestational age (weeks) 97 39.67%1.22 86 39.72%1.10 91 39.69%1.16
Smoking during pregnancy 96 39(40.6) 86 21(24.4)* 92 12(13)*"

Birth weight (Kg) 97 3.285+0.332 86 3.39240.375 * 92 3.383+0.341

Birth length (cm) 96 51.07+2.64 86 51.81+2.79 92 51.13+2.46"
Child at 5 years:
Weight (Kg) 97 19.60[17.90-20.55] 86 19.25[17.35-21.55] 92 19.14[17.47-20.75]
Height (cm) 97 111.19+4.49 86 110.51+4.76 92 110.27+4.85

BMI (Kg/m2) 97 15.81[14.88-16.44] 86 15.65[15.01-17.20] 92 15.53[14.73-16.58]
Waist circumference (cm) 97 54.20[51.90-56.55] 86 54.75[51.90-58.15] 92 53.40[51.50-56.00]
Overweight/obese 97 14(14.4)/4(4.1) 86 18(20.9)/8(9.3) 92 12(13)/2(2.2)"
TV/computer (h/day) 78 1.00[0.94-2.00] 72 1.50[1.00-2.00] 79 1.50[0.50-2.00]

* p<0.05 for HP vs. LP; * p<0.05 LP vs. breastfed; " p<0.05 HP vs. breastfed

ISCED - International Standard Classification of Education



Observational

Intervention formula groups Comparison of HP vs. LP

group
Lower Protein Higher Protein Multiple linear regression Breastfed
N =97 N =86 P e N=92
Median ml.nlmally a.djusted .fuIIy adJLfSted Median
[IQR] estimated difference P-value estimated difference P-value [IQR]
(95% CI)" (95% CI) #
0.258 0.245 0.036 0.047 0.225
SC fat layer (cm) [0.148; 0.397] [0.177; 0.410] (-0.032; 0.104) 0.282 (-0.023; 0.117) 0.185 [0.125; 0.332]
0.432 0.501 0.052 0.058 0.485
PP fat layer (cm) [0.330; 0.553] [0.377; 0.637] (-0.003; 0.106) Q6% (0.002; 0.115) 0.043 [0.389; 0.590]
0.242 0.244 0.211
) 0.037 0.048
SC fat area (cm®) [0.144; 0.373] [0.166; 0.396] (:0.031; 0.104) 0.288 (:0.021; 0.118) 0.173 [0.137; 0.327]
) 0.360 0.427 0.052 0.060 0.410
PP fat area {cm’) [0.273; 0.470] [0.322; 0.540] (0.002; 0.102) 0.041 (0.008; 0.112) 0.024 [0.316; 0.514]
0.692 0.665 -0.018 -0.014 0.548
SC/PP fat area [0.397; 1.080] [0.416; 1.000] (-0.159; 0.124) 0.807 (-0.158; 0.131) 0.851 [0.311; 0.873]
o 54.200 54.750 0.643 0.961 53.400
Waist cireum. (em) o) 55056550 [51.875:58.187] (-0.887: 2.173) 0.408 (-0.590; 2.513) 0.223 [51.500;56.000]
) 15.814 15.650 0.321 0.376 15.534
BMI (Kg/m’) [14.883:16.446]  [14.997:17.222] (-0.259; 0.901) 0-276 (-0.214; 0.967) 0.210 [14.718;16.599]

Table 2. Abdominal fat ultrasound measurement te$tdm a linear regression model including HP BRdyroups (without BF).

* adjusted for study center and gender; # adjukiedtudy center, gender, baseline BMI, parerdakation level and smoking in pregnancy

(observational BF group — not included in the mpdel



SC fat layer (cm)

PP fat layer (cm)

SC fat area (cm?)

PP fat area (cm?)

estimated estimated estimated estimated
difference (95% Cl) difference (95% Cl) difference (95% Cl) difference (95% Cl) P
Intervention formula Lower Protein 0.023 0.472 -0.037 0.157 0.017 0.587 -0.041 0.089
groups compared to (N=97) (-0.040; 0.086) (-0.088; 0.014) (-0.045; 0.080) (-0.089; 0.006)
breastfed (reference) Higher Protein 0.0680 0.034 0.020 0.449 0.064 0.047 0.018 0.465
(N=92) (N=86) (0.005; 0.131) (-0.032; 0.072) (0.001; 0.127) (-0.030; 0.066)
Parental education level Middle 0.024 0.653 -0.023 0.595 0.025 0.645 -0.028 0.500
according to ISCED" (N=168) (-0.082; 0.130) (-0.110; 0.063) (-0.081; 0.130) (-0.108; 0.053)
(reference low/no) High (N=89) -0.009 0.879 -0.033 0.473 -0.013 0.816 -0.035 0.413
(N=17) (-0.120; 0.103) (-0.125; 0.058) (-0.125; 0.099) (-0.120; 0.050)
Smoking in pregnancy Yes (N=72) 0.076 0.013 0.014 0.573 0.078 0.011 0.020 0.377
(reference no) (N=202) (0.016; 0.137) (-0.035; 0.063) (0.018; 0.138) (-0.025; 0.066)
Baseline z-score BMI 0.005 0.751 -0.007 0.556 0.003 0.833 -0.009 0.417
(N=274) (-0.025; 0.034) (-0.032; 0.017) (-0.026; 0.033) (-0.032; 0.013)
Gender (reference Female 0.065 0.011 0.013 0.551 0.063 0.015 0.021 0.293
Male) (N=138) (N=137) (0.014; 0.116) (-0.029; 0.055) (0.012; 0.114) (-0.018; 0.059)

Table 3. Effect of feeding type and of other covariates on abdominal fat measures. Results from alinear regression model including all three feeding groups,

with additional adjustment for a study center.

*bold estimates are significant with p < 0.05
# International Standard Classification of Education (ISCED)



Figure 1. Abdominal fat ultrasound measurement




Figure 2. Randomization, allocation and study participation

Enrolled in the study, n=1678

Randomization Control group
Lower protein Higher protein Breastfeeding
N =540 N =550 N = 588
v v v
Lost to follow-up n =185 | Lost to follow-up n = 188 Lost to follow-up n = 253
Exclusion n = 82 Exclusion n = 95 Exclusion n = 88
(Lack of compliance, (Lack of compliance, (Lack of compliance,
illness/medication) illness/medication) illness/medication)

Still in the study at 60 months, n =787

5-vear studv visit particinants. n=655

v v v
Lower protein Higher protein Breastfeeding
N =273 N = 267 N = 247

v v v

Abdominal fat measured at 5 years of age, n = 297
Ultrasound measurements evaluated, n = 275

Total number (number of females)

v v v
Excluded for bad quality Excluded for bad quality Excluded for bad quality
of pictures n =7 of pictures n =5 of pictures n =10
Lower protein Higher protein Breastfeeding

N = 97 (52) N = 86 (37) N = 92 (48)
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