Articles |

Clinical Investigation

nature publishing group

Cardiovascular risk markers until 12 mo of age in infants
fed a formula supplemented with bovine milk fat globule

membranes
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BACKGROUND: Some of the health advantages of breast-fed
as compared to formula-fed infants have been suggested to
be due to metabolic programming effects resulting from early
nutrition.

METHODS: In a prospective double-blinded randomized trial,
160 infants <2 mo of age were randomized to experimental
formula (EF) with added milk fat globule membrane (MFGM) or
standard formula (SF) until 6 mo of age. A breast-fed reference
(BFR) group consisted of 80 infants. Measurements were made
atinclusion and at 4, 6, and 12 mo of age.

RESULTS: During the intervention, the EF group had higher
total serum cholesterol concentration than the SF group, reach-
ing the level of the BFR group. The EF group had a low-density
lipoprotein to high-density lipoprotein ratio not significantly
different from the SF group but lower than the BFR group.
CONCLUSION: Supplementation of infant formula with
MFGM modified the fat composition of the formula and nar-
rowed the gap between breast-fed and formula-fed infants
with regard to serum lipid status at 12 mo.

he influence of early environmental factors, including

nutrition, on future cardiovascular disease (CVD) risk (1)
and, in a broader view, the concept of early metabolic pro-
gramming and future health (2,3) have been extensively dis-
cussed during the past decades. Observational studies have
suggested that formula-fed infants as compared with breast-
fed infants have an elevated risk of future CVD, since they
have faster early growth rate (4) and higher risk of overweight
(5), type 2 diabetes (6), high blood pressure (7), and unfavor-
able blood lipid profile (8) in adult age. Formula-fed preterm
infants have higher serum C-reactive protein (CRP) concen-
tration, higher serum low-density lipoprotein to high-density
lipoprotein (LDL:HDL) ratio, and higher serum apolipopro-
tein B to apolipoprotein A1 (apoB:apoAl) ratio in adolescence
as compared with preterm infants receiving banked breast
milk (9). Studies on cholesterol trajectories for breast-fed and
formula-fed infants illustrate that breast-fed infants initially
have higher total serum cholesterol concentration (s-Ch) and

LDL cholesterol (LDL-Ch); in childhood the levels become
equal, while in adulthood, the previously breast-fed infants
have lower total s-Ch and LDL-Ch than their formula-fed
counterparts (10,11). The observed average difference in total
s-Ch in adulthood between previously exclusively breast-fed
and non-breast-fed infants, 0.15 mmol/l, might seem trivial
on an individual level. However, on a population level, it is
not. Based on this difference, it has been estimated that 5% of
all coronary heart disease would be avoided if all infants were
exclusively breast-fed during the first 3 mo of age (8). To what
degree the cholesterol content in infant formula influences
s-Ch and LDL-Ch later in life is still unclear. A randomized
study on infants fed a low vs. high cholesterol formula showed
only minimal changes in cholesterol metabolism 6 mo after the
intervention (12).

The milk fat globule membrane (MFGM) is a small but
biologically active milk fraction rich in polar lipids including
cholesterol and phospholipids, as well as glycoproteins (13). As
bovine milk fat has not been used in infant formula, this milk
fraction has historically been discarded in the manufacturing
of infant formulas. Recently, commercially available MFGM-
enriched bovine milk fractions have gained interest as being
potentially health-promoting in several aspects (14), and stud-
ies have shown positive effects on cognitive development (15)
and diarrhea (16) in infants, febrile episodes in children (17),
and on blood lipids in adults (18).

This study includes secondary outcomes from a random-
ized controlled trial with the overall aim to evaluate health
effects in infants fed an experimental formula (EF) with
reduced energy and protein content and supplemented with
a bovine MFGM-enriched milk fraction. Primary outcomes
in the trial were weight at 6 mo and cognitive function at
12 mo and have been reported elsewhere (15). The aim of
this study was to investigate the effects of the EF on serum
lipids, adipokines, homocysteine, inflammatory biomark-
ers, and blood pressure until 12 mo of age. Our hypothesis
was that infants fed EF would have outcomes more similar
to breast-fed infants as compared with infants fed standard
formula (SF).
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EF SF BFR RESULTS
‘ n=80 ’ ‘ n=80 } ‘ n=80 ’ Of 240 included infants, 213 (89%) remained in the study
at 12 mo (Figure 1). Blood samples were available from 232
Dropouts 4 P P (97%), 216 (90%), 214 (89%), and 195 (81%) of the infants at
baseline, 4, 6, and 12 mo of age, respectively. The fasting time
Zor:(o)w-up { Pa—— ] [ Ppy—— 1 . ] ’ (mean + SD) before blood samples were drawn was shorter
in the breast-fed reference (BFR) group as compared with the
Dropouts noo e e formula-fed groups at baseline (167 +43 vs. 183 +43 min; P =

0.007), 4 mo of age (160+28 vs. 174+ 38 min; P = 0.006), and
[gﬂi‘”’”p (n=76pp=74) | [ n=72(P=68) | [ n-72 | ’ 6 mo of age (159 +33 vs. 172+ 39 min; P = 0.02) but not at 12
mo of age (173 £38 vs. 183 £67 min; P = 0.25). There were no

Dropouts n=3 n=4 n=0 significant differences in fasting time between the EF and SF
groups at any age. Rates of dropout and noncompliance are
[fg'ﬁ",f'”p (= ][ nce ] [ n=w ﬂ shown in Figure 1.
Figure 1. Infants in the study, compliance to intervention/still breast-fed Serum Lipids
(PP), and dropouts for the experimental formula (EF), standard formula Trajectories for s-Ch, HDL-Ch, and LDL-Ch are shown in
(SF), and breast-fed reference (BFR) groups. Figure 2. In the longitudinal analysis, the EF and SF groups
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Figure 2. Plasma cholesterol trajectories (mean and 95% confidence interval) for the experimental formula (EF, filled circles), standard formula (SF,
empty circles), and breast-fed reference (BFR, filled triangles) groups. (a) Total cholesterol. The EF and SF groups differed in the longitudinal analysis
from baseline to 6 mo (P =0.012). (b) HDL cholesterol. The EF and SF groups differed in the longitudinal analysis from baseline to 6 mo (P =0.010). (c)
LDL cholesterol. The EF and SF groups did not differ in the longitudinal analysis from baseline to 6 mo (P = 0.085). HDL, high-density lipoprotein; LDL,
low-density lipoprotein.
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Table 1. Serum LDL:HDL ratio and triglyceride concentrations in
the experimental formula (EF), standard formula (SF), and breast-fed
reference (BFR) groups

Table 2. Serum levels of adipokines in the experimental formula (EF),
standard formula (SF), and breast-fed reference (BFR) groups at 4 mo
ofage

P (EF P
EF (n=62) SF (n=64) vs.SF)  BFR(n=65) EF(n=68) SF(n=70) (EFvs.SF) BFR(n=65)

LDL:HDL ratio® Leptin (pg/1) 2.61+1.53 280+192 0.53 3.03£1.53

Baseline 1.06+0.43 1.06+£0.41 1.44+0.56 High-molecular-weight 37.5+15.3 358+15.0 0.72 343+13.6

Fourmo 162+0.61 1624060 073  221+087 adiponectin (mg/l)

Sixmo 1804062 1774070 2244095 Leptin:fat mass 1.38+0.67 1.43+0.74 0.74 1.63+£0.71

(Hg/(Ix kg FM))
Twelve mo 1.99+0.75 2.00+0.82 0.93 2.08+£0.71

Triglycerides (mmol/I)°

Baseline  1.09(0.66,2.03) 1.05(0.70,1.73) 1.18(0.66, 2.05)
Fourmo  1.64(0.89,3.05) 1.28(0.81,2.49) 043 1.70(0.87,4.01)
4
Sixmo  1.58(0.88,3.16) 1.47(0.93,3.87) 1.45 (0.88,2.88)
( )

Twelvemo 1.63(1.02,2.65) 1.25(0.82,2.41 1.43(0.84,2.32)

*The values are given as mean + SD. ®The values are given as median (10th and 90th
percentiles).

differed in s-Ch (P = 0.012) and HDL-Ch (P = 0.010), but
not in LDL-Ch (P = 0.085). In a cross-sectional analysis, the
EF group had higher s-Ch than the SF group at 4 mo (P =
0.040) and 6 mo (P = 0.027), but not at baseline (P = 0.44) or
12 mo of age (P = 0.52). The EF and SF groups did not dif-
fer significantly in cross-sectional HDL-Ch at any time point.
In cross-sectional ANOVA including also the BFR group, the
BFR group had higher s-Ch than the EF (P < 0.001) and SF
(P < 0.001) groups at baseline (P < 0.001 and P < 0.001) and
4 mo of age (P < 0.001 and P < 0.001). At 6 mo of age, the
BFR group had higher s-Ch than the SF group (P = 0.043)
but not the EF group (P = 1.0), and at 12 mo of age, s-Ch did
not differ among the three groups (P = 0.075). The EF and SF
groups did not differ in the longitudinal analysis of LDL:HDL
ratio during the intervention (P = 0.73) (Table 1). The BFR
group had higher LDL:HDL ratio at baseline (P < 0.001 and P
<0.001),4 mo (P <0.001 and P < 0.001) and 6 mo (P = 0.003
and P = 0.002), but not at 12 mo of age (P = 1.0 and P = 1.0)
as compared with the EF and SF groups, respectively. There
was no difference between the EF and SF groups in the lon-
gitudinal analysis of serum triglyceride concentration (s-TG)
from baseline until 12 mo of age (Table 1). In cross-sectional
ANOVA including all three groups, the groups did not differ
significantly in s-TG at baseline (P = 0.19), 6 mo (P = 0.23),
or 12 mo (P = 0.087). At 4 mo of age, the BFR group had
higher s-TG than the SF group (P = 0.005), but not than the
EF group (P =0.91).

Leptin and Adiponectin

There were no significant differences in s-leptin, s- high-
molecular-weight (HMW) adiponectin, or s-leptin:fat mass
ratio between the EF and SF groups at 4 mo of age (Table 2).
In an ANOVA including also the BFR group, there were no
significant differences between the groups in s-leptin (P =
0.15), s-HMW adiponectin (P = 0.77), or s-leptin:fat mass
ratio (P =0.12).
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The values are given as mean + SD.
?Analyzed in a randomized subsample, n =20 in each group.

Homocysteine, High-Sensitive CRP, and Calprotectin

During the intervention, s-homocysteine levels differed between
the EF and SF groups (Table 3). In a cross-sectional analysis, the
EF group had lower s-homocysteine than the SF group at 4 mo
(P < 0.001) and 6 mo (P < 0.001), but not at baseline (P = 0.20)
or 12 mo of age (P = 0.16). In cross-sectional ANOVA including
all three groups, the BFR group had higher s-homocysteine than
the SF group (P = 0.002), but not than the EF group (p=0.061) at
baseline. The BFR group had higher s-homocysteine than the EF
group (P < 0.001 and P < 0.001), but not the SF group (P = 1.0
and P = 1.0) at both 4 and 6 mo of age. There were no significant
difference among the three groups in s-homocysteine at 12 mo of
age (P = 0.061). High-sensitive CRP (hsCRP) did not differ sig-
nificantly between the EF and SF groups from baseline until 12
mo of age (Table 3). In cross-sectional ANOVA with the EE SE
and BFR groups, there was no difference among the three groups
at baseline (P = 0.69), 4 mo (P=0.63), 6 mo (P = 0.052), or 12 mo
(P=10.20) of age. There were no significant differences in propor-
tion (1 (%)) of infants excluded from the hsCRP analysis due to
levels of >5mg/l among the EF, SE, and BFR groups at baseline (0
(0),1(1),and 0 (0); P=0.35), at 4 mo (5 (8),3 (4),and 3 (5); P =
0.72), or 6 mo (7 (11), 4 (6), and 11 (19); P = 0.15). At 12 mo of
age, the proportion (1 (%)) of infants with hsCRP > 5 was higher
in the EF group (7 (12%)) compared with the SF group (0 (0%);
P =0.013) but not compared with the BFR group (1 (2%); P =
0.062). There was no difference between the EF and SF groups in
fecal calprotectin from baseline until 6 mo of age (Table 3). The
BER group had higher fecal calprotectin than the EF (P = 0.001)
and SF (P = 0.001) groups at baseline, but there was no significant
difference among the three groups at 4 mo (P = 0.085) or 6 mo
(P=0.36) of age.

Blood Pressure

Systolic and diastolic blood pressure did not differ between the
EF and SF groups between baseline and 12 mo of age (Table 4).
In cross-sectional ANOVA, there were no significant differences
among the three groups at baseline (P = 0.36 and P=0.78),4 mo
(P=0.90 and P =0.67), 6 mo (P =0.95 and P = 0.39), or 12 mo
(P=0.92 and P = 0.72) in systolic or diastolic blood pressure.

DISCUSSION
We found that infants fed EF with higher cholesterol content
than SF gradually reached higher total s-Ch. At the end of the

Copyright © 2014 International Pediatric Research Foundation, Inc.
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Table 3. Homocysteine and inflammatory biomarkers in the experimental formula (EF), standard formula (SF), and breast-fed reference (BFR)

groups
EF (n=63) SF (n=60) P (EF vs. SF) BFR (n=65)
Homocysteine (mmol/l)
Baseline 8.3(6.2,11.6) 8.1(6.0,10.6) 9.0(6.5,13.9)
Four mo 6.6(5.4,8.3) 8.8(5.8,13.0) <0.001 8.8(6.5,14.4)
Six mo 6.1(4.6,7.7) 8.5(5.0,12.3) 8.0(5.6,13.4)
Twelve mo 5.3(3.9,7.2) 5.1(3.9,6.8) 0.16 5.7(3.8,8.4)
High-sensitive C-reactive protein (mg/I)
Baseline 0.08(0.05,0.39) 0.09 (0.06,0.39) 0.11(0.05,0.39)
Four mo 0.10(0.04,1.16) 0.10(0.04,0.98) 0.13(0.07,0.91)
Six mo 0.16 (0.05, 1.06) 0.18(0.04,1.75) 0> 0.22(0.07,1.94)
Twelve mo 0.19(0.05, 2.66) 0.18(0.05,3.22) 0.20(0.05,1.42)
Fecal calprotectin (mg/kg)
Baseline 190(73,536) 190 (74, 588) 287(132,1,255)
Four mo 150 (43, 560) 139(33,594) 0.31 216 (53,744)
Sixmo 79(22,422) 60 (22,272) 76(20,471)

Values are given as median (10th and 90th percentiles).

Table 4. Blood pressure for the experimental formula (EF), standard
formula (SF), and breast-fed reference (BFR) groups

P (EF
EF(n=71) SF (n=66) vs.SF)  BFR(n=70)
Systolic blood
pressure (mm Hg)
Baseline 90.9+11.1 929+125 93.4+12.0
Four mo 946+10.3 949+10.2 94.2+9.1
Six mo 94.8+9.8 95.0+9.0 03 95.3+9.6
Twelve mo 103.0+13.2 1025+15.3 102.1+£124
Diastolic blood
pressure (mm Hg)
Baseline 53.8+10.1 548+11.3 54.8+8.8
Fourmo 58.8+8.0 59.8+9.3 58.7+6.4
Sixmo s08678 582474 U0 507485
Twelve mo 61.4+8.6 60.2+9.8 60.5+9.3

The values are given as mean + SD.

intervention, at 6 mo of age, and 6 mo thereafter, there was
no significant difference between the EF and BFR groups in
total s-Ch, but the SF group had lower total s-Ch than the BFR
group at all time points until 6 mo of age. It is well known
from early studies that s-Ch in infancy is higher in breast-fed
than that in formula-fed infants due to the higher cholesterol
content in human milk (19). The difference in s-Ch disappears
in childhood (11), and in adolescence and thereafter, the pre-
viously breast-fed infants have lower s-Ch than their formula-
fed counterparts (10). Cholesterol metabolism seems to be
affected by early nutrition in several ways. Breast feeding leads
to downregulation of endogenous cholesterol synthesis via
3-hydroxy-3-methylglutaryl-coenzyme A reductase (20). In
baboons, the lower cholesterol synthesis together with higher

Copyright © 2014 International Pediatric Research Foundation, Inc.

LDL receptor mRNA expression associated with breast feeding
was consistent even one and a half year after weaning (21).

The LDL:HDL ratio among formula-fed infants, however,
did not follow the pattern of the BFR group in this study.
During the intervention, the EF group kept an LDL:HDL ratio
not different from the SF group, but significantly lower than
the BFR group. Breast feeding has previously been shown to
be associated with high non-HDL cholesterol concentrations
in infancy (22). Our findings indicate that raising the total
s-Ch by increasing cholesterol intake between 2 and 6 mo in
formula-fed infants does not result in a higher LDL:HDL ratio.
This differs from findings in a previous study, with a smaller
sample size, in which infants fed a formula with higher cho-
lesterol showed elevated total s-Ch at 4 mo of age and a trend
toward elevated LDL:HDL ratio compared with infants fed a
lower cholesterol formula (12). Another study showed that
infants fed a formula with higher fat energy% and a modi-
fied polyunsaturated (P) to saturated (S) fatty acid ratio with
unchanged cholesterol content had higher ApoB:ApoAl1 ratio,
suggesting that other aspects of fat composition than choles-
terol content can influence infant lipoproteins. Small differ-
ences in fat energy% (53 vs. 48%) and P:S ratio (0.44 vs. 0.46)
between the EF and the SF (15) might have affected lipoprotein
concentrations in this study. The impact of infant LDL:HDL
ratio on later cholesterol metabolism is unclear. A previous
study showed that tracking of LDL-Ch and total s-Ch was
stronger than tracking of HDL-Ch from infancy to 5 y of age
(23). There was no significant difference in LDL:HDL ratio at
12 mo of age among any of the groups in the present study. A
longer term follow-up of total s-Ch and the LDL:HDL ratio
until adolescence would be desirable since a shift from higher
to lower total s-Ch and LDL-Ch from infancy to adolescence
for breast-fed infants compared with formula-fed infants has
been shown previously (10).
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The EF and SF groups did not differ in s-TG trajectories.
The BFR group had higher s-TG than the SF group at 4 mo
of age, probably caused by a difference in fat intake. Previous
studies have, in line with our findings, shown higher s-TG
in breast-fed than that in formula-fed infants during infancy
(24). There was not a significant difference between the BFR
and EF groups at 4 mo. Due to the higher fat:energy ratio in
the EF and the precise energy regulation of intake previously
described (15), the fat intake (mean + SD) was higher in the EF
group than in the SF group during the intervention (30.2+6.1
vs. 27.9+5.8¢g/d). Even if the difference in intake did not yield
a significant difference in s-TG between the EF and SF groups,
the lack of difference between the BFR and EF groups could be
indicative of a narrowed gap in s-TG at 4 mo of age.

In this study, s-leptin, HMW adiponectin, and leptin relative
to fat mass at 4 mo of age did not differ significantly between
the EF and SF groups. The effect of feeding mode on leptin
levels in infancy is contradictory, as studies have shown higher
(25), equal (26), and lower (27) leptin levels in formula-fed
compared to breast-fed infants during the first 4 mo of life. One
possible explanation for the different findings may be differ-
ent patterns of leptin concentrations by age for breast-fed and
formula-fed infants during the first 6 mo (26). A role of adi-
pokines in programming effects influencing future health has
been supported by several studies. Duration of breast feeding
is associated with degree of methylation of the leptin gene (28).
Preterm infants fed high caloric preterm formula had higher
leptin levels relative to fat mass in adolescence compared with
infants fed SF or banked breast milk (29). In adolescents and
adults, elevated leptin is associated with impaired arterial dis-
tensibility (30) and the leptin:adiponectin ratio to increased
intima-media thickness of the common carotid artery (31).
We analyzed HMW adiponectin as this has, compared with
total adiponectin, been shown to better reflect obesity develop-
ment in children (32). In this study, there was no effect of the
intervention on adipokine concentrations at 4 mo of age.

Serum homocysteine is a pediatric risk marker for future
CVD. Even moderately elevated levels indicate a higher risk
(33). In this study, the EF group had lower homocysteine levels
at 4 and 6 mo of age, but there was no difference at baseline
or at 12 mo of age. We interpret that this difference during
the intervention is attributed to the unintentional difference
in folate concentration between the two formulas as the EF
had higher folate content, rather than differences in metabolic
regulation between infants in the EF and SF groups. The BFR
group had higher homocysteine concentration than the for-
mula-fed infants, in line with previous findings and probably
caused by a lower cobalamin intake (34).

Low-grade inflammation has been shown to play a central
role in the development of obesity (35), metabolic syndrome
(36), and atherosclerosis (37), and an association between
BMI and CRP has been shown from 3 y of age (38). Innate
immune responses differ between breast-fed and formula-fed
infants during the first month of life (39). Later differences
in systemic inflammatory parameters have only been shown
in selected groups; breast feeding was associated with higher
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CRP in adolescents in a follow-up study on preterm infants
(9) but not in another study on term infants (40). In this study,
we observed no differences in hsCRP between the EF and SF
groups. The breast-fed infants had significantly higher fecal
calprotectin levels at baseline compared with the formula-fed
infants, in line with previous findings (41). The high concentra-
tion of fecal calprotectin in young infants has been suggested
to be due to increased intestinal permeability and transepithe-
lial migration of neutrophils at this age, possibly related to the
development of the intestinal microbiota (42). The concentra-
tion of calprotectin in human milk is low (42) and whether the
difference between breast-fed and formula-fed infants reflects
a difference in the developing gut microbiota is still unclear.

Meta-analyses of observational studies on the association
between blood pressure in adulthood and infant feeding have
indicated a modest blood pressure-lowering effect of breast
feeding, even if the interpretation is uncertain due to selection
bias (7,43). In this study, there were no differences in blood
pressure between the groups during the first 12 mo.

As reported previously, there were no differences in growth,
s-insulin, and urea concentrations between the EF and SF
groups. Compared with the formula-fed groups, the BFR
group had slightly higher weight and length gain, and higher
s-insulin and urea concentrations until 6 mo of age (15).

It should be noted that all comparisons with the BFR group
are observational and unadjusted. As the main focus of the
study was the comparison between the randomized formula-
fed groups, we did not collect enough background data, e.g.,
maternal and paternal serum lipid concentrations, to make
a proper adjustment for the observational part of the study.
Therefore, we chose to present unadjusted values in compari-
sons with the BFR group.

In conclusion, this study has raised the possibility of reduc-
ing the elevated long-term risk of CVD in formula-fed infants.
We have shown that increasing cholesterol intake between 2
and 6 mo of age leads to a higher total s-Ch, not different from
breast-fed infants, but without shifting the LDL:HDL ratio.
The difference in total s-Ch between the EF and SF groups had
disappeared at 12 mo of age. In light of the previously sug-
gested programming effect of high early s-Ch and shift in s-Ch
between breast-fed and formula-fed infants during childhood
(10), a longer follow-up of this study during childhood, ado-
lescence, and adulthood might answer whether the changes
in early cholesterol metabolism have yielded programming
effects that influence later risk factor profile for CVD.

METHODS

Subjects

As described previously (15), 160 formula-fed infants (80 girls and
80 boys) and a BFR group with 80 infants (40 girls and 40 boys), all
born at Umeé University Hospital, Umed, Sweden, were enrolled
from March 2008 to February 2012. Inclusion criteria were <2 mo
of age, gestational age at birth 37-42 wk, birth weight 2,500-4,500g,
and absence of chronic illness. Infants in the formula groups were
exclusively formula-fed at inclusion, and infants in the BFR were
exclusively breast-fed at inclusion with the intention of the mother to
exclusively breast feed until 4-6 mo. All groups were recommended
only small amounts (taste portions) of complementary foods between

Copyright © 2014 International Pediatric Research Foundation, Inc.



4 and 6 mo. Formula-fed infants were stratified for sex and random-
ized to receive EF or SF from inclusion until 6 mo of age (15). Group
allocation was blinded to parents and study staff involved in data col-
lection until all infants had completed follow-up. Formula powder
was distributed to families together with preparation instructions in
identical boxes marked with code number.

Study Formula

BabySemp1 (Semper AB, Sundbyberg, Sweden) was used as SF and
the EF was modified from this. The macronutrient composition of
the EF and SF has been described elsewhere (15). Fat, protein, and
energy contents in the EF vs. SF were 3.5 vs. 3.5g/100ml, 1.20 vs.
1.27 g/100ml, and 60 vs. 66 kcal/100 ml, respectively. Cholesterol con-
tent was 8 mg/100ml in the EF and 4mg/100 ml in the SE. The EF was
supplemented with a bovine MEGM-enriched whey protein concen-
trate (Lacprodan MFGM-10; Arla Foods Ingredients, Viby, Denmark).
MFGM proteins from the concentrate contributed to 4% (wt: wt) of the
total protein in the EE The EF and SF differed slightly in the contents
of folate (6.2 and 5.5 pg/100 ml, respectively), vitamin B12 (0.056 and
0.059 mg/100 ml), and vitamin B6 (0.22 and 0.27 pg/100ml) concen-
trations. There were no differences in other vitamin or micronutrient
concentrations between the EF and SF as calculated from ingredients.

Protocol and Measurements

Visits were booked at inclusion (<2 mo) and at 4, 6, and 12 mo. At each
visit, anthropometric data, blood pressure, fecal samples, and blood
samples were collected. At 4 mo, body fat percentage was measured
using air-displacement plethysmography (PeaPod; Cosmed, Rome,
Italy). Blood samples were drawn >2h after the latest meal at each
visit. HSCRP was analyzed using ELISA (R&D Systems, Minneapolis,
MN). Infants with hsCRP >5mg/l were excluded from the analysis
as they were suspected to have an ongoing infection. Homocysteine,
total s-Ch, HDL-Ch, and s-TG were analyzed using Vitros Chemistry
HCY reagent, CHOL slides, dHDL slides, and TRIG slides on Vitros
5.1 FS (Ortho Clinical Diagnostics, Sollentuna, Sweden). LDL-Ch
was calculated using Friedewald’s formula (44). Leptin in all infants,
and HMW adiponectin in a randomly selected subsample of 10
boys and 10 girls from each group (EE SFE, and BFR), were analyzed
using ELISA (Merck Millipore, Billerica, MA). Fecal calprotectin was
analyzed using ELISA (NovaTec Immundiagnostica, Dietzenbach,
Germany). Cases with fecal calprotectin over the detection limit of
2,500 mg/kg were set to 2,500 mg/kg (1 = 2 BFR at baseline; n = 1 BFR
at4 m, and n = 1 SF at 6 mo of age).

Data Analysis

Statistical calculations were done using IBM SPSS Statistics Version 19
(IBM New York, NY 1989, 2010). A prestudy power analysis showed
that a sample size of 63 in each group was needed to detect a difference
of 0.5 SD in the main outcomes weight-for-age and cognitive score
at the significance level of 0.05. For the present analysis of second-
ary outcomes, 0.5 SD corresponds to 0.30 mmol/l in s-Ch at 6 mo of
age. Expected dropout rate was 25%, hence 80 infants were included
in each group. All analyses were performed on an intention-to-treat
basis. To compare outcomes of repeated measurements between the
randomized groups (EF vs. SF), a linear mixed model with time and
group (EF or SF) as fixed effects and time as random effect was used.
For outcomes where the intervention was expected to result in a direct
effect (s-Ch, HDL-Ch, LDL-Ch, HDL:LDL ratio, and s-homocyste-
ine), the model included measurements during the intervention (base-
line and 4 and 6 mo), and the data from 12 mo was compared in a
cross-sectional design. For outcomes where any effect was expected
to give a late effect (s-TG, hsCRP, fecal calprotectin, and blood pres-
sure), the model included data from baseline until 12 mo of age. If
the linear mixed model showed significant differences between the
groups, a cross-sectional analysis at each time point was performed
using independent samples t-test to further explore the difference.
In outcomes where only one measurement was performed (leptin,
HMW adiponectin and leptin:fat mass ratio), means were compared
by independent samples ¢-test. Variables that were not normally dis-
tributed (s-TG, homocysteine, hsCRP, and f-calprotectin) were log
transformed prior to calculations. For each outcome variable, a cross-
sectional multivariate analysis including paternal and maternal BMI,

Copyright © 2014 International Pediatric Research Foundation, Inc.
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chronic disease and smoking, maternal weight gain during pregnancy,
and gestational diabetes (15) was performed; for s-TG, the adjusted
model also included fasting time. This adjustment did not affect the
results regarding differences between the EF and SF groups and is not
presented. To compare the data from the randomized groups with the
BFR group, an unadjusted cross-sectional ANOVA including all three
groups with a Bonferroni post hoc analysis was performed.

Ethics and Study Registration

This study was approved by the Regional Ethical Review Board in
Umea. Complete oral and written information about the study was
given to the parents/caregivers, and written consent was obtained
from parents/caregivers of all infants before inclusion. The study was
registered with number NCT00624689 at clinicaltrials.gov.
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