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ABSTRACT

Importance A rapid increase in weight in early life is associated with an increased risk for
adiposity and cardiovascular diseases at age 21 years and beyond. However, data on associa-
tions of early change in measured fat mass percentage (FM%) with adiposity development

are lacking.

Objective To investigate whether a rapid increase in FM% in the first months of life is associ-
ated with higher trajectories of body fat mass during the first 2 years of life.

Design, setting, and participants A birth cohort consisting of 401 healthy, term-born infants
of the Sophia Pluto Cohort Study was analyzed. Participants were born between January 7,
2013, and October 13, 2017. Data were analyzed from February 1, 2020, to May 20, 2020.

Interventions Longitudinal measurements of FM% by air-displacement plethysmography
and dual-energy x-ray absorptiometry, and abdominal subcutaneous and visceral fat mass
(FM) by ultrasonography in infants at ages 1, 3, 6, 9, 12, 18, and 24 months. A rapid increase
in FM% was defined as a change in FM% of greater than 0.67 standard deviation scores
(SDS).

Main outcomes and measures Associations between change in FM% SDS in the first and
second 6-month period of life with body composition at age 2 years and whether a rapid
increase in FM% SDS during the first 6 months leads to higher body FM and abdominal FM

trajectories during the first 2 years of life.

Results Of the 401 participants, 228 infants (57%) were male. Change in FM% SDS from age
1 to 6 months was positively associated with FM% (B, 0.044; 95%Cl, 0.017-0.068), FMI (B,
0.061; 95%Cl, 0.032-0.091), and abdominal subcutaneous FM (B, 0.064; 95%Cl, 0.036-0.092)
at age 2 years, but not with visceral FM. In contrast, no associations were found within the
6- to 12-month period. Infants with a rapid increase in FM% of greater than 0.67 SDS in the
first 6 months of life had higher trajectories of FM%, FM index, and subcutaneous FM during
the first 2 years of life (all p=0.001), but visceral FM index was not significantly different

compared with infants without a rapid increase (p=0.12).

Conclusions and relevance In this study, only the change in FM% in the first 6 months of life
was associated with more adiposity at age 2 years. Infants with a rapid increase in FM% had
higher trajectories of FM% and FM index during the first 2 years of life. These findings appear

to support a critical window for adiposity programming in early life.
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INTRODUCTION

The first 1000 days of life, from conception until age 2 years, are important for the develop-
ment of body and brain (1). A rapid increase in this period, in literature defined as a change
in weight-for-age standard deviation score (SDS) greater than 0.67 between 2 times (2, 3)
has been associated with an increased risk of overweight and adiposity (2, 4-7) unfavorable
cardiovascular and metabolic health profiles in early adulthood (8-11) and cardiovascular

diseases in later life (12, 13).

We noted in the Programming Factors for Growth and Metabolism (PROGRAM) study that a
rapid increase in weight-for-age greater than 0.67 SDS during the first year of life appeared
to be positively associated with waist circumference, acute insulin response, total choles-
terol to high-density lipoprotein cholesterol ratio, triglyceride levels, and a higher fat mass
percentage (FM%), more central obesity, and reduced insulin sensitivity at age 21 years, and
was inversely associated with insulin sensitivity and serum high-density lipoprotein levels
(8). First-year weight gain was postulated to be important for adiposity programming (8, 14).
Most studies, however, have used weight SDS, height SDS, body mass index (BMI) SDS, or
skinfolds as a proxy of body composition (3, 15-17). Based on the results of the PROGRAM
study, we conducted an observational cohort study to investigate longitudinally measured

body composition in term-born infants.

To our knowledge, this is the first study to evaluate the associations of change in measured
FM% SDS, instead of weight-for-age SDS, in early life with longitudinal body composition by
detailed fat mass (FM) measurements in healthy infants during the first 2 years of life. As
increased abdominal visceral FM has been specifically associated with an unfavorable meta-
bolic health profile during childhood and later on (18, 19), we also measured abdominal
subcutaneous and visceral FM thickness by noninvasive ultrasonography (20-22).

In this study, we investigated the time within postnatal months when a change in FM% is
associated with FM% at age 2 years. Subsequently, we assessed whether a rapid increase in
FM% during that period would associate with higher trajectories of body FM and abdominal
FM during the first 2 years of life. We hypothesized that infants with a rapid increase in FM%
SDS would have more body FM and visceral FM at age 2 years.
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METHODS

Participants

The study population consisted of healthy, term-born infants participating in the Sophia
Pluto Study, a birth cohort study in the Rotterdam, the Netherlands, area. Ninety-eight per-
cent of the births were singleton. Between January 7, 2013, and October 13, 2017, infants
were recruited from obstetric departments of regional hospitals and primary health care
centers to obtain detailed data on body composition and growth during early life. The Sophia
Pluto Study obtained approval from the medical ethics committee of Erasmus University
Medical Center, and parents gave written informed consent. Participants did not receive
financial compensation. Data were analyzed from February 1, 2020, to May 20, 2020. This
study followed the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline for cohort studies.

All participants fulfilled the following inclusion criteria: term born (> 37 weeks of gestation),
age less than 28 days, and uncomplicated neonatal period without signs of severe asphyxia
(defined as an Apgar score <3 after 5 minutes), sepsis, or long-term complications of respira-
tory ventilation. Infants were excluded if they had known congenital or postnatal diseases,
confirmed intrauterine infection, maternal use of corticosteroids during pregnancy, or a
significant maternal medical condition that could interfere with the study results.

Data Collection and Measures

Outpatient clinic visits were scheduled at ages 1, 3, 6,9, 12, 18, and 24 months (Table 1). Data
on pregnancy and birth were obtained from records and measurements were performed by
trained staff.

Weight was measured with an electronic infant scale to the nearest 5 g (Seca 717, Seca).
Length was measured twice by 2-person technique with an infantometer to the nearest 0.1
cm (Seca 416) and head circumference was measured twice as the widest frontal-occipital
circumference with a measuring tape to the nearest 0.1 cm (Seca 201). Weight-for-length,
weight-for-age, and height-for-age SDS were calculated by Growth Analyser (23).

Until age 6 months, body composition was assessed by air-displacement plethysmography
(ADP) (Pea Pod, COSMED) as described in detail elsewhere (20). The ADP system was cali-
brated daily, according to standard protocol (24).

From 6 months onward, a dual-energy x-ray absorptiometry (DEXA) scan was performed in

all infants at every visit. All DEXA scans were performed with the same device (Lunar Prodigy,
GE Healthcare) and software (enCORE software, version 14.1, enCORE).
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At 6 months, median FM% was 24.1 as measured by ADP and 25.0 by DEXA, with a me-
dian difference of 0.9% between both measurements. Bland-Altman analysis showed no
proportional bias (p=0.32) (25). Fat mass index (FMI) was determined by dividing fat mass
(kilograms) by height squared (meters squared) and fat-free mass index (FFMI) by dividing
fat-free mass (kilograms) by height squared.

Abdominal subcutaneous and visceral fat thickness were measured by ultrasonography at
every visit starting from age 3 months, because earlier measurements are unreliable (20,
21). Unsuccessful ultrasonographic measurements of visceral FM, without visualization of
the lumbar vertebra, were excluded from analyses.

Infant feeding was classified as exclusively breastfed if an infant received breastfeeding for
at least 3 months and nonexclusively breastfed if an infant received either formula feeding
or a mixture of breastfeeding and formula feeding. Information on the timing of solid food
introduction was obtained from questionnaires.

Statistical Analysis

The total population consisted of 401 infants with 5 or more measurements of body compo-
sition during the first 2 years of life. Clinical characteristics were expressed as pooled means
and SDs. Differences in clinical characteristics were determined by independent t test or
Mann-Whitney test for nonparametric parameters.

Missing data, mainly for infants who had not yet reached age 2 years or showed resistance
at measurements, were imputed using a multiple imputation approach in SPSS, version
25 (SPSS Inc) to generate 20 imputed data sets. We performed multiple linear regression
analyses to investigate the associations of change in FM% standard deviation scores (SDS)
during the first year of life with body composition at age 2 years, with adjustments for sex,
gestational age, age, and gain in lenxgth in the same period. Although small differences
in some effect estimates were observed between analyses with imputed missing data and
complete cases only, the main conclusions of the results were similar. For determining rapid
increase in FM% SDS of greater than 0.67, we could only include infants with measured FM%
at 1 and 6 months. As previously reported, an increase greater than 0.67 SDS represents
the width of a percentile band on standard growth charts and is used to define a rapid
increase in weight (8). We used the same definition for a rapid increase in FM% SDS. As there
are no published references for FM% from birth until age 2 years using ADP and DEXA, we
calculated SDS for FM% in our large cohort (25). The study group was divided in 2 subgroups:
one with a rapid increase in FM% SDS from age 1 to 6 months and one without (Figure 1).
Longitudinal growth and body composition development in infants with and without a rapid
increase in FM% SDS were analyzed using linear mixed model analysis, with adjustment for
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sex. Time was modeled by entering hospital visits at ages 1, 3, 6, 9, 12, 18, and 24 months
into the linear mixed models. For comparison with our PROGRAM study and literature data,
we also analyzed data on changes in weight, length, and weight-for-length SDS.

For the analyses of abdominal FM, we used ultrasonographic measurements of abdominal
FM at 4 or more times during the first 2 years of life. A x2 test was performed to determine
whether the percentage of breastfeeding differed between infants with and without a rapid
increase in FM% SDS. SPSS statistical package version was used for analysis. P-values <0.05
were considered statistically significant.

RESULTS

Clinical characteristics are presented in Table 1. Of the total group (n=401), 228 infants
(56.9%) were male and 173 infants (43.1%) were female. Median (interquartile range [IQR])
birth weight was 3.38 (3.05-3.74) kg at a gestational age of 39.9 (39.0-40.7) weeks in the
total group, 3.44 (3.12-3.77) kg at a gestational age of 39.8 (38.9-40.6) weeks in boys, and
3.33 (2.98-3.71) kg at a gestational age of 40.0 (39.0-40.9) weeks in girls.

In the total group of 401 infants, we divided the first year of life into 6-month periods. Table
2 presents associations between change in FM% SDS and outcomes at age 2 years. Change
in FM% SDS during the first 6 months of life was positively associated with FM% (B, 0.044;
95% Cl, 0.017-0.068), FMI (B, 0.061; 95%Cl, 0.032-0.091), and abdominal subcutaneous FM
(B, 0.064; 95% Cl, 0.036-0.092) at age 2 years, but not with visceral FM. No associations were
found for the following 6- to 12-month period (i.e., after the first 6 months of life).

When subdivided in 3-month periods, change in FM% SDS in the 3- to 6-month period was
positively associated with FM% ($, 0.065; 95%Cl, 0.029-0.101), FMI (8, 0.084; 95%Cl, 0.041-
0.127), and abdominal subcutaneous FM (f3, 0.090; 95% Cl, 0.046-0.133) at age 2 years,
but not with visceral FM. Change in FM% SDS from 1 to 3 months was associated only with
subcutaneous FM (B, 0.043; 95%Cl, 0.008-0.078). We found no associations for the other
3-month periods.

For comparison with literature data, we also analyzed the associations between change
in weight-for-length SDS, which is often used as a proxy for body composition, with body
composition at age 2 years. Similar to the change in FM%, changes in weight-for-length SDS
from 1 to 6 months were associated with FM% (8,0.057; 95%Cl, 0.026-0.087),FMI (j3,0.092;
95% Cl, 0.056-0.128), and abdominal subcutaneous FM (B, 0.091; 95%Cl, 0.058-0.124), but
not with visceral FM.
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Of the total group, 87 infants (26.1%) had a rapid increase in measured FM% (>0.67 SDS)
during the first 6 months of life (Figure 1). Birthweight SDS, corrected for gestational age and
sex, was significantly lower in infants with a rapid increase in FM% SDS compared with those
without a rapid increase (—0.47 vs -0.10 SDS, p=0.004), albeit 95.4% had a birth weight well
within the reference range. Gestational age did not differ significantly (39.6 vs 39.8 weeks,
p=0.09).

401 Total study population

> 68 Nodataat 1 or 6 mo

87 Catch-up in FM% 246 No catch-upin FM%
Gainin FM% at 1-6mo < > Gainin FM% at 1-6 mo
>0.67 SDS <0.67 SDS

Figure 1. Study flowchart.
FM%: fat mass percentage, SDS: standard deviation score.

Table 1. Clinical characteristics.

Age 1month 3 months 6 months 9 months 12 months 18 months 24 months
N [Male] 4011[228] 401[228] 401[228] 401([228] 401[228] 401[228] 401 [228]
Weight (kg) M 4.37 (0.53) 6.20 (0.67) 7.92 (0.85) 9.14 (0.99) 10.01 (1.12) 11.46 (1.26) 12.76 (1.45)
F 4.10 (0.60) 5.69 (0.70) 7.35 (0.79) 8.49 (0.87) 9.37 (0.95) 10.86 (1.04) 12.17 (1.17)
Length (cm) M 55.0 (2.20) 62.0 (2.07) 68.7 (2.18) 73.3 (2.36) 77.0 (2.62) 83.6 (2.96) 89.3 (3.30)
F 53.9 (2.32) 60.3 (2.20) 66.8 (2.08) 71.1 (2.24) 75.0 (2.39) 81.8 (2.62) 87.9 (2.93)
FM (%) M 16.1 (4.34) 22.1 (4.80) 23.0 (5.15) 20.9 (5.35) 19.7 (5.00) 17.6 (4.81) 17.4 (4.74)
F 16.6 (4.57) 23.0 (5.08) 25.2 (5.35) 23.7 (4.90) 21.5 (4.88) 18.4 (5.33) 17.5 (4.97)
FFM (kg) M 3.66 (0.41) 4.82 (0.48) 6.07 (0.56) 7.20 (0.69) 8.02 (0.83) 9.41 (0.89) 10.50 (1.07)
F 3.41(0.42) 4.37 (0.44) 5.49 (0.51) 6.47 (0.64) 7.33 (0.69) 8.83 (0.80) 10.01 (0.89)
Abdominal M NA 0.41 (0.11) 0.41 (0.11) 0.37 (0.10) 0.34 (0.10) 0.32 (0.10) 0.32 (0.10)
subcutaneous FM (cm) ¢ \p 0.40 (0.12) 0.41 (0.12) 0.38 (0.10) 0.34 (0.09) 0.31 (0.09) 0.32 (0.09)
Visceral FM (cm) M NA 2.46 (0.63) 2.33 (0.64) 2.46 (0.67) 2.46 (0.67) 2.32 (0.65) 2.15 (0.58)
F NA 2.34 (0.59) 2.28 (0.58) 2.46 (0.70) 2.44 (0.64) 2.29 (0.61) 2.15 (0.57)

Data expressed as pooled means (pooled SD) for male (M) and female (F).
Abbreviations: FM, fat mass. FFM, fat-free mass. NA, not applicable.

The FM% and FMI trajectories during the first 2 years of life were higher in infants with a
rapid increase in FM% SDS compared with those without a rapid increase (p<0.001), result-
ing in a higher FM% and FMI at age 2 years (both p<0.001) (Figure 2). The FFM trajectories
during the first 2 years of life were not significantly different between both groups (p=0.16),
but when corrected for length, FFMI trajectories were higher in infants with a rapid increase
in FM% SDS (p=0.007). Length-for-age SDS trajectories during the first 2 years of life were
significantly lower in infants with a rapid increase in FM% SDS (p=0.006).

Erasmus University Rotterdam 24«/«.&9

7



8 Erasmus Medical Center Rotterdam

's1eak 7 18 %py Yum

S3SEaIIUI %A ‘D)dwexa 40} ‘Syuow 9 03 T wody pauled sI SAs %IAN4 Ul dS T Uaym eyl sueaw 2402s g aanisod y "polsad awes ay3 ul yidua| uj uied pue a8e ‘@8e |euonelsad
‘X3S 10} pasn[pe ‘Sawo2IN0 paw.ojsuel}-30| UO PISEQ SI9M SUOLIBIDOSSE || *2403S UOLIBIASP piepuels ‘SOs ‘98ejuadiad Ssew 1ey ‘9|4 "|[eAIS3UI 22USPYUOD ‘|D :UOLRIAIAY

[€90°0-£00°0-] [920°0-8€0°0-] [090°0 - 810°0"] [£€0°0- 0£0°07] [150°0-510°0-] [£v0°0-110°0]

. 1L . G8" . QT wd) A4 |B49ISIA |eulwopqy
o 8200 0 g000- 2¢O 1200 80 go00  °¢0 8100 o 9100 (W) W4 | ! P
980 [8€0°0- 2€0°07] 100 [€00°0-T90°0-] 100°0> [9zT'0- 1100 8000 [6£0°0-210°0] - [800°0 - 950°0-] 100'0> [160°0-9€0°0] (wo) N4

€000 620°0- ¥80°0 S¥0°0 ¥20°0- €900 SN03UEINIQNS |eUIWOPqY
S€0°0 - S¥0°0- 1S0°0 - 020°0- LTT°0- TH0" T£0°0 - 900°0- ¥%0°0 - 620°0- 160°0 - Z€0°0

280 [seo0 oE wm.o_ 00 ONOE 100°0> VA4 %0] oe 1600 [tz00 mooo._ oﬁoﬁ 00 mNoo‘_ 100°0> [ ._ (, /%) Xpul 4
S00°0- 9100 ¥80°0 €€0°0 L00°0 1900
[1€0°0-8€0°0"] [T¥0°0-6T0°0-] [toT°0-620°0] [¢s0'0- 10707 [9€0°0- £2007] [890°0-£10°0]

¥8°0 670 100°0> 970 8L°0 100°0 %) N

¥00°0- 1100 S90°0 6100 S00 ¥%0°0 (56}

anjea-d [1D%s6] g anjea-d [1D%s6] g anjea-d [1D%s6] g anjea-d [1D%s6] g anjea-d [1D%s6] g anjea-d [1D%se6l ¢ sieah g a8e je sawoanQ

syuow z1-6 syjuow 6-9 syjuow 9-¢ syjuow ¢-T syjuow z1-9 syuow 9-T

Sas %Al ul 23ueyd

Sas %IAl4 ul a3ueyd

Sas %Al ul 23ueyd Sas %IAi4 ul a3ueyd Sas %IAd ul a3ueyy Sas %Il ul a3ueyd

's1edh g 98e 1e uonisodwod Apoq pue 94| Jo Jeah 151y ay1 Sulunp SAs %IAI4 Ul 93ueyd Joj SJUBIdYJS0I UOISS3Y *¢ d|qeL

ty Rotterdam

versi

Erasmus Un



Fat mass trajectories in early life

El Fat mass percentage . Fat mass index

@® No rapid rise
Rapid rise

Fat mass index

Age, mo Age, mo

[€] Fat-tree mass [p] Fat-free mass index
154 154

oo

\

Fat-free mass, kg
”
\|
Fat-free mass indedx

\

; "{ F. Q 1'7 1'?1. 24 1v 1 ﬂ (‘l !.7 1‘3 ?‘4
Age, mo Age, mo

Figure 2. Trajectories during the first 2 years of life in infants with a rapid increase in fat mass percentage

standard deviation score versus no rapid increase.

Values are estimated marginal means (lower-upper bound), corrected for sex.

Abdominal subcutaneous FM trajectories were higher in infants with a rapid increase in
FM% SDS compared with those without a rapid increase (p<0.001), but visceral FM trajec-
tories were not significantly different from age 3 months until 2 years (p=0.12) (Figure 3). At
age 2 years, abdominal subcutaneous FM was higher in infants with a rapid increase in FM%
SDS compared with infants without a rapid increase (p<0.001), but visceral FM was similar
(p=0.85).

In addition, we analyzed the anthropometric data, which are often used as a proxy for body
composition. At age 2 years, weight-for-length SDS and weight-for-age SDS were higher in
infants with a rapid increase in FM% SDS (weight-for-length: 0.16 vs -0.69, p<0.001 and
weight-for-age: 0.05 vs -0.39, p=0.017). Length-for-age SDS was not different (0.33 vs 0.36,
p=0.21).

Pre-pregnancy BMI of the mothers and maternal weight gain during pregnancy were not
significantly different between infants with and without a rapid increase in FM% SDS (BMI:
23.8 vs 23.4, p=0.12 and weight gain: 13.0 vs 14.0 kg, p=0.62). When stratified by infant sex,
however, pre-pregnancy BMI of the mothers was significantly higher in girls with vs without
catch-up in FM% SDS (25.8 vs 23.8, p=0.04).
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Figure 3. Abdominal subcutaneous and visceral fat mass trajectories during the first 2 years of life in infants
with a rapid increase in fat mass percentage standard deviation score versus no rapid increase.
Values are estimated marginal means (lower-upper bound), corrected for sex.

The percentage of infants with exclusive breastfeeding vs non-exclusive breastfeeding was
not different between groups (p=0.81), and the duration of breastfeeding was similar in
breastfed infants with and without a rapid increase in FM% SDS (5.91; 95% Cl, 3.94-10.18
vs 7.49; 95% Cl, 4.96-11.19 months; p=0.12). Timing of introduction of solid foods was not
significantly different (4.04; 95% Cl, 4.01-5.03 vs 4.04; 95% Cl, 3.98-4.96 months; p=0.26).

DISCUSSION

To our knowledge, this is the first study to note that not only the change in weight-for-age or
weight-for-length SDS, but specifically, the change in FM% SDS in the first 6 months of life vs
the subsequent months is associated with FM% and FMI at age 2 years in healthy infants. In
addition, a rapid increase in the FM% SDS resulted in higher trajectories of longitudinal FM%
and FMI during the first 2 years of life. Our findings, therefore, appear to support a critical
window for adiposity programming.

Our findings are in line with the PROGRAM study data, in which participants with a rapid
increase in weight in early life had a significantly higher FM% and unfavorable metabolic
and cardiovascular profiles at age 21 years (8, 26, 27). Also, other studies suggested that
first-year rapid increase in weight of greater than 0.67 SDS resulted in a higher BMI SDS at
age 2 years (28), while a rapid increase in weight during the first 2 years of life resulted in
a higher BMI SDS and FM% at ages 6 and 7 years (15, 29). In these studies, however, FM%
was calculated by equations from skinfolds, because detailed body composition was not
measured.
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Our findings are in line with those of 2 studies suggesting that FM accretion until 6 months
measured by ADP correlated with higher FMI at 4 years (30) and FM accretion until 8 months
measured by bioelectrical conductivity with overweight/obesity at 6 to 11 years (31). We
can now present apparent trajectories of measured body composition based on longitudinal
data in infants with and without a rapid increase in FM% SDS.

We found higher trajectories of abdominal subcutaneous FM in infants with a rapid increase
in FM% SDS compared with those without. Other studies noted that children with a rapid
increase in weight during the first 2 years of life had more FM and more central fat dis-
tribution based on skinfolds and waist circumference at age 5 years (3, 7), but abdominal
subcutaneous and visceral FM were not measured in early life.

In contrast to our hypothesis, we found no difference in visceral FM until age 2 years between
infants with and without a rapid increase in FM% SDS. This finding is in line with literature
data describing that total FM in young children is associated with abdominal subcutaneous
FM rather than visceral FM (32, 33).

Mice studies reported that most adipocytes arise from proliferating progenitors, which are
committed in the prenatal or early postnatal period (34). After birth, adipose tissue grows
mainly by an increase in the number of small adipocytes, which is set during childhood and
adolescence (35). When a certain number of adipocytes is reached, the number cannot be
decreased by a reduction in body weight (35).

We showed that a rapid increase in FM% SDS results in more adiposity at age 2 years. This
increase might stimulate the proliferation of the progenitor cells in early life and thus in-
crease the number of adipocytes in infants with a rapid increase in FM% SDS. Because we
measured visceral FM thickness, we could not distinguish between the number or size of
adipocytes. An alternative explanation could be that visceral adipocytes have a different
time and rate of development than subcutaneous adipocytes. This difference could explain
why the variability in the first 2 years of life is found in subcutaneous FM rather than in
visceral FM. Further studies are required to investigate whether visceral fat cells increase in
size at a later age and whether children with a rapid increase in FM% SDS in early life develop
more visceral fat at an older age than those without the rapid increase.

Furthermore, we noted that FFM trajectories were similar in infants with and without a
rapid increase in FM% SDS; however, when corrected for length, the FFMI trajectories were
higher in infants with a rapid increase in FM% SDS, suggesting that these infants gained more
muscle mass. Higher trajectories of FFMI in infants with a rapid increase in FM% SDS are
likely due to lower length trajectories in these infants.
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Infants with a rapid increase in FM% SDS had a lower birth weight SDS compared with infants
without a rapid increase, but most of them (95.4%) had a birth weight well within the refer-
ence range of -2 to +2 SDS. Differences in birth weight might contribute to neonatal body
composition (36), but other studies suggested that associations between a rapid increase in
weight and obesity were independent of birth weight (15, 29, 37). Our findings thus suggest
that a rapid increase in FM% SDS is relatively common in healthy, term-born infants with a
normal birth weight SDS. No significant differences were found for mother’s pre-pregnancy
BMI and weight gain during pregnancy in the total group.

Notably, the percentage of infants with exclusive breastfeeding until age 3 months was not
substantially different between infants with and without a rapid increase in FM% SDS. This
nonsignificant finding might be explained by the fact that the median duration exceeded
3 months in both groups. It has been reported that exclusive breastfeeding of less than 3
months may be associated with rapid weight gain, leading to higher BMI and FM develop-
ment in later life (11); thus, it remains important to support exclusive breastfeeding for at

least 3 months.

We found no difference in the age at introduction of solid foods between both groups, which
is in line with previous studies reporting no associations between age at solid food introduc-
tion and later body composition (38, 39).

Limitations

This study has limitations. Detailed eating patterns after introduction of solid food have
not been investigated, which is a limitation of the study, as this might also influence body
composition trajectories in early life. In addition, we did not start the study directly after
birth, but at age 1 month. Recruited neonates had to visit the hospital for measurements,
which was too much of a burden for both infants and mothers in the first days after birth.

Conclusions

It has been reported that a rapid increase in weight in early life associates with more adipos-
ity and a less favorable health profile at age 21 years and beyond. The findings of this study
suggest that a rapid increase in FM% SDS in the first 6 months of life leads to more adiposity
at 2 years. These findings apparently support a critical window for adiposity programming in
the first 6 months of life.
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