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Abstract
Background/Objectives Fat mass development in infancy contributes to later adiposity, but its relation to ectopic fat depots
is unknown. We examined the associations of infant subcutaneous fat with childhood general and organ-specific fat.
Subjects/Methods Among 593 children from a population-based prospective cohort study, we obtained total subcutaneous
fat mass (as sum of biceps, triceps, suprailiacal, and subscapular skinfolds thickness), central-to-total subcutaneous fat ratio
(sum of suprailiacal and subscapular skinfold thickness/total subcutaneous fat) at 1.5, 6 and 24 months of age. At 10 years,
we assessed BMI, fat mass index (FMI) based on total body fat by dual-energy X-ray absorptiometry, and abdominal
subcutaneous, visceral and pericardial fat mass indices, and liver fat fraction by Magnetic Resonance Imaging.
Results A higher central-to-total subcutaneous fat ratio at 1.5 months only and higher total subcutaneous fat at 6 and
24 months were associated with higher BMI, FMI and subcutaneous fat mass index at 10 years. The observed associations
were the strongest between total subcutaneous fat at 24 months and these childhood outcomes (difference per 1-SDS
increase in total subcutaneous fat: 0.15 SDS (95% Confidence Interval (CI) 0.08, 0.23), 0.17 SDS (95% CI 0.10, 0.24), 0.16
SDS (95% CI 0.08, 0.23) for BMI, FMI and childhood subcutaneous fat mass index, respectively). Infant subcutaneous
fat measures at any time point were not associated with visceral and pericardial fat mass indices, and liver fat fraction at
10 years.
Conclusions Our results suggest that infant subcutaneous fat is associated with later childhood abdominal subcutaneous fat
and general adiposity, but not with other organ-specific fat depots.

Introduction

The risk of obesity is partly established already in early life
[1, 2]. Changes of adipose tissue during infancy in terms of
number of adipocytes, as well as fat depot location con-
tribute to fat mass in adulthood [3–5]. Rapid weight gain in
infants, which correlates with increased fat deposition, is
associated with increased risk of later obesity and an
adverse cardiovascular profile [6–8]. Also, increased body
mass index (BMI) tracks from early childhood into adult-
hood [1, 2]. However, BMI is a suboptimal indicator of fat
mass and does not provide information about its distribution
[9]. As different fat depots contribute differently to meta-
bolism, body fat distribution seems to be critical for later
risk of obesity related diseases [10, 11]. Available studies
that assessed childhood and adulthood fat deposition at
specific compartments, in particular ectopic fat, focused on
its relation to early growth rather than adiposity [12]. These
studies often applied imprecise measures of fat as an
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outcome parameter, or did not take into account adjustment
for body size in these fat measures [12]. We have previously
shown that infant subcutaneous fat was associated with total
body fat, abdominal subcutaneous fat and preperitoneal fat
assessed by ultrasound, but poorly associated with cardio-
vascular risk factors in children at the age of 6 years [13,
14]. It is not known whether subcutaneous fat and the tempo
of its increase in particular periods within infancy relates to
more specific, directly measured visceral fat, pericardial fat,
and liver steatosis. These adipose tissue depots, acting
systemically or locally, have been suggested to play a key
role for cardiovascular disease risk, independently and
additionally to overall obesity [11, 15].

Therefore, we examined in a prospective population-
based cohort study among 593 children, the association of
subcutaneous fat mass assessed at different time points (1.5,
6 and 24 months) during infancy with BMI, total fat,
abdominal subcutaneous and visceral fat mass, pericardial
fat mass and liver fat fraction, assessed by Magnetic
Resonance Imaging (MRI) at the age of 10 years.

Subjects and Methods

Study design

This study was embedded in the Generation R Study, a
population-based prospective cohort study from fetal life
until adulthood, conducted in Rotterdam, the Netherlands
[16]. The Medical Ethical Committee of the Erasmus
Medical Center, Rotterdam approved the study (MEC
198.782/2001/31). All parents gave written informed con-
sent for participation in the study [16]. Children enrolled in
the study were born between April 2002 and January 2006
[16]. Our present analyses are restricted to a subgroup of
Dutch children that underwent additional, more detailed
assessment of fetal and postnatal growth. Of the total of
1,232 children in this group, 991 singleton children had
skinfold thicknesses measured at the age of 1.5, 6 or
24 months. Finally, organ-specific fat measures assessed by
MRI at the age of 10 years were available in 593 children. A
flow diagram of study participants is provided in the Sup-
plementary Materials, Figure S1

Measures of adiposity in infancy

As previously described, we measured weight to the nearest
gram in naked infants at the age of 1.5 and 6 months using
an electronic infant scale and at 24 months using a
mechanical personal scale (SECA, Almere, The Nether-
lands) [13, 14]. Body length at the age of 1.5 and 6 months
was measured in supine position to the nearest millimetre
using a neonatometer and body height at 24 months was

measured in standing position using a Harpenden stadi-
ometer (Holtain Limited, Dyfed, UK). We measured skin-
fold thicknesses at the ages of 1.5, 6 and 24 months on the
left side of the body at the biceps, triceps, suprailiacal, and
subscapular area using a skinfold calliper (Slim Guide,
Creative Health Products) according to standard procedures
[14, 17]. We calculated total subcutaneous fat mass from
the sum of all four skinfold thicknesses, and central sub-
cutaneous fat mass from the sum of suprailiacal and sub-
scapular skinfold thicknesses [14, 18, 19]. To create a
measure of total subcutaneous fat mass independent of
length or height and a measure of central subcutaneous fat
mass independent of total subcutaneous fat mass, we esti-
mated the optimal adjustment by log–log regression ana-
lyses [13, 20]. Details of these regressions are given in
the Supplementary Materials. Total subcutaneous fat mass
was only weakly correlated with length or height, and was
not adjusted for, whereas a central-to-total subcutaneous fat
mass ratio was calculated as central divided by total sub-
cutaneous fat mass. Additionally, we calculated the change
in the subcutaneous fat mass measures for each age interval
(1.5–6, 6–24, and 1.5–24 months).

Measures of adiposity at 10 years

We measured height and weight without shoes and heavy
clothing and calculated BMI (kg/m2). We calculated sex-
and age- adjusted standard deviation scores (SDS) of
childhood BMI based on Dutch reference growth charts
(Growth Analyzer 4.0, Dutch Growth Research Foundation)
[21]. We measured total body fat mass with the use of dual-
energy X-ray absorptiometry (DXA) scanner (iDXA, GE-
Lunar, 2008, Madi-son, WI, USA, ENCORE software
v.12.6), according to standard procedures [7, 13]. As pre-
viously described, this method has been validated against
computed tomography for body fat assessment in other
studies [13]. We calculated a fat mass index (FMI) uncor-
related with height as total fat mass divided by height [4],
following the same approach as for infant fat measures
(details given in Supplementary Methods S1).

MRI has been described as an accurate and reproducible
technique and considered the gold standard for the mea-
surement of intra-abdominal and organ fat deposition [22–
25]. Adiposity measures were obtained from MRI scans as
described previously [16]. Briefly, all children were scanned
using a 3.0 Tesla MRI (Discovery MR750w, GE Health-
care, Milwaukee, WI, USA) for body fat imaging using
standard imaging and positioning protocols. They wore
light clothing without metal objects while undergoing the
body scan [26]. The scanner was operated by trained
research technicians and all imaging data were collected
according to standardized protocols. For pericardial, liver,
abdominal and pelvic fat measurements four different scans
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were selected. Scans in the thorax, liver and abdomen were
performed instructing the participant to perform breath-hold
maneuvers in expiration with a maximum duration of 11 s.
For imaging fat around the heart and the coronary arteries, a
multi-breath-hold approach was used using an ECG trig-
gered black-blood prepared thin slice single shot fast spin
echo acquisition (BB SSFSE). The slice orientation was
copied directly from the functional heart scans performed in
one of the protocols of the study. In this scan, fat would
appear hyper intense around the heart, the coronary arteries
and heart chambers. A liver fat scan was subsequently
performed using an axial volume and a special 3-point
proton density weighted DIXON technique (IDEAL IQ)
that could provide not only fat images of the upper abdo-
men but more importantly was capable of generating a
precise fat fraction image demonstrating if liver fat was
present [27]. The IDEAL IQ scan is based on a carefully
tuned 6-echo echo planar imaging (EPI) acquisition.
Abdominal fat scans followed using an axial volume com-
prising the lower liver, abdomen and part of the upper
pelvis using a proton density weighted 2-point DIXON
acquisition (LavaFlex). Finally, a high-resolution free-
breathing coronally acquired scan centered at the head of
the femurs was performed using a T1-weighted 2-point
DIXON technique (LavaFlex). For both IDEAL IQ and
LavaFlex measurements, water, fat, in-phase and out-of-
phase 3D volumes were reconstructed. The obtained fat
scans were subsequently analysed by the Precision Image
Analysis company (PIA, Kirkland, Washington, United
States). Pericardial, subcutaneous, visceral, and liver fat
were quantified using the sliceOmatic (TomoVision,
Magog, Canada) software package. All extraneous struc-
tures and any image artifacts were removed manually [22].
Total subcutaneous and visceral fat volumes were generated
by summing the volumes of the scans. Subcutaneous and
visceral fat masses were obtained by multiplying the total
volumes by the specific gravity of adipose tissue, 0.9 g/ml.
Pericardial fat included both epicardial- and paracardial fat
directly attached to the pericardium. Pericardial fat volume
was quantified using the summation of discs method and
was subsequently multiplied by the specific gravity of adi-
pose tissue, 0.9 g/ml. Liver fat fraction was determined by
taking four samples of at least 4 cm2 from the central por-
tion of the hepatic volume. Subsequently, the mean signal
intensities were averaged to generate an overall mean liver
fat fraction estimation.

To create MRI adiposity measures indices independent
of height at 10 years, we estimated the following optimal
adjustments by log–log regression analyses: subcutaneous
fat mass divided by height4, visceral fat mass by height3 and
pericardial fat mass by height3, described in detail in the
Supplementary Methods S1 [20].

Covariates

During pregnancy, enrolled women filled out a ques-
tionnaire and reported their age, educational level, parity,
smoking habits and pre-pregnancy weight. To calculate
maternal pre-pregnancy BMI (kg/m2), we used self-reported
information about maternal weight and we measured their
height at enrolment. We obtained information on child’s
sex, birth weight and gestational age at birth from medical
records. Information on breastfeeding and timing of intro-
duction of solid foods was obtained by questionnaire in
infancy.

Statistical analysis

First, we assessed the associations of infant subcutaneous
fat mass measures with childhood BMI, FMI and organ-
specific fat mass measures (abdominal subcutaneous and
visceral fat mass index, pericardial fat mass index and liver
fat fraction) using linear regression models. We calculated
the change in the subcutaneous fat mass measures by the
differences between subcutaneous fat mass measures in
different age intervals (1.5–6, 6–24, and 1.5–24 months).
The obtained changes in infant subcutaneous fat measures
were then used as determinants in the linear regression
model to assess the associations with childhood outcomes.
Second, in order to identify specific critical periods of fat
mass development in infancy associated with childhood
general and organ fat mass measures, we used conditional
regression analyses [28, 29]. We obtained the standardized
residuals from linear regression models of subcutaneous fat
measures at each time point of interest regressed on all prior
corresponding subcutaneous fat mass measures (Supple-
mentary Methods S2). This enabled us to include the sub-
cutaneous fat measures at all time points simultaneously in
one model, and therefore to estimate the independent and
mutually adjusted influence of the change in infant fat mass
during each age period on childhood organ-specific fat
measures. In our analyses we applied the following models:
i) basic model adjusted for child’s sex and child’s age at
MRI examination, and ii) confounder model further adjus-
ted for maternal age, educational level, parity, smoking
habits during pregnancy and pre-pregnancy BMI, child’s
gestational age at birth and birthweight, information on
breast-feeding and timing of introduction of solid foods. We
selected confounders based on potential causal relationships
between these variables, exposures and outcomes based on
previous studies. We included these variables in the models
when they changed the effect estimates substantially
(>10%), or were strongly associated with body fat mass in
our or previous studies. Further, we log-transformed the
non-normally distributed childhood fat measures indices.
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We constructed SDS ((observed value -mean)/SD) for all
continuous body fat measures at each age that enabled us to
compare effect size for different exposure and outcome
measures. We tested potential interactions between infant
subcutaneous fat mass measures and child´s sex with
adiposity measures in childhood. As no consistent interac-
tions were observed, we did not additionally perform stra-
tified analyses. Missing values in covariates (ranging from 0
to 15.7%) were multiple-imputed, using the Markov chain
Monte Carlo approach. We performed statistical analyses
with the use of SPSS version 21.0 for Windows (SPSS Inc,
Chicago, IL, USA).

Results

Subject characteristics

Table 1 shows the characteristics of study participants. Of
all participants, the mean (SD) birth weight was 3535 (515)
g, with the median (95% range) gestational age at birth of
40.3 (36.5, 42.3) weeks. Based on non-response analysis
(Supplementary Table S1), as compared to children who did
not participate, those who did took part in follow-up studies
were born to slightly older and higher educated mothers,
were less often prenatally exposed to maternal smoking and
were more often breastfed. Participants and non-participants
did not differ in terms of all fat measures within infancy.
Among assessed childhood outcomes, overall strong cor-
relations were observed interchangeably between BMI,
FMI, subcutaneous and visceral fat, whereas moderate and
weak correlations (r < 0.6) were present between all other
measures as shown in Table S2.

Infant adiposity and childhood general and organ
fat

Table 2 shows that, in the basic and confounder model,
higher total subcutaneous fat mass at 6 months, but not at
1.5 month, tended to be associated with higher childhood
BMI, FMI, and subcutaneous fat mass index. Similarly, but
more strongly, in both models higher total subcutaneous fat
mass at 24 months was associated with higher childhood
BMI, FMI, and subcutaneous fat mass index (differences
0.15 SDS (95% Confidence Interval (CI) 0.08, 0.23), p
value < 0.001; 0.17 SDS (95% CI 0.10, 0.24), p value <
0.001; and 0.16 SDS (95% CI 0.08, 0.23), p value < 0.001,
respectively, based on the confounder model). Adjusted R-
squares of these models were 0.13 for BMI, 0.25 for FMI,
and 0.24 for subcutaneous fat mass index. Higher total
subcutaneous fat mass at 24 months tended to be associated
with higher visceral fat mass index and pericardial fat mass
index, but not liver fat fraction at 10 years, in the basic

models. However these associations slightly attenuated and
were of borderline significance after adjusting for the
confounders (differences 0.08 SDS (95% CI 0.00, 0.16),
p value= 0.051; and 0.07 SDS (95% CI -0.01, 0.15),
p value= 0.090, respectively, based on the confounder
model). In both models, no apparent associations were
present between infant total subcutaneous fat mass at 1.5
and 6 months with visceral and pericardial fat mass index,
and liver fat fraction at the age of 10 years. In the basic and

Table 1 Characteristics of study participants (n= 593)a

Total group

Maternal characteristics

Age (years), mean (SD) 32.0 (3.9)

Education, n (%),

Low 8 (1.4)

Medium 192 (32.7)

High 387 (65.9)

Parity, n (%) nulliparous 362 (61.3)

Pre-pregnancy body mass index (kg/m2),
median (95% range)

22.6 (18.6, 35.5)

Smoking habits during pregnancy, n (%) yes 103 (19.3)

Child’s characteristics

Sex, n (%) female 299 (50.4)

Birth weight (g), mean (SD) 3535 (515)

Gestational age at birth (weeks), median (95%
range)

40.3 (36.5, 42.3)

Breast feeding, n (%) yes 536 (91.5)

Introduction of solid foods, n (%) ≤ 6 months 454 (82.8)

1.5 months n= 501

Age (months), median (95% range) 1.5 (1.0, 2.8)

Total subcutaneous fat mass (mm), median
(95% range)

22.1 (14.0, 42.0)

Central-to-total subcutaneous fat mass ratio,
mean (SD)

0.50 (0.05)

6 months n= 539

Age (months), median (95% range) 6.2 (5.5, 8.3)

Total subcutaneous fat mass (mm), median
(95% range)

26.0 (17.0, 42.2)

Central-to-total subcutaneous fat mass ratio,
mean (SD)

0.47 (0.06)

24 months n= 476

Age (months), median (95% range) 25.0 (23.6, 28.0)

Total subcutaneous fat mass (mm), median
(95% range)

26.0 (16.5, 46.0)

Central-to-total subcutaneous fat mass ratio,
mean (SD)

0.43 (0.07)

10 years n= 593

Age (years), median (95% range) 10.0 (9.4, 11.7)

Body mass index (kg/m2), mean (SD) 17.12 (2.16)

Total fat mass (g), median (95% range) 8 169.43 (4417.94,
19158.06)

Subcutaneous fat mass (g), median (95% range) 1 267.56 (638.68,
4325.15)

Visceral fat mass (g), median (95% range) 444.78 (191.1, 1069.24)

Pericardial fat mass (g), median (95% range) 12.05 (5.71, 24.93)

Liver fat fraction (%), median (95% range) 2.0 (1.2, 4.2)

SD standard deviation, MRI magnetic resonance imaging
aValues are expressed as means (SD), medians (95% range), or
numbers of subjects (valid %)
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confounder model, central-to-total subcutaneous fat mass
ratio at 1.5 months, but not at 6 and 24 months, was
associated with a slightly higher childhood BMI, FMI and
subcutaneous fat mass index (differences 0.10 SDS (95% CI
0.02, 0.17), p value= 0.012; 0.12 SDS (95% CI 0.05, 0.19),
p value < 0.001; and 0.14 SDS (95% CI 0.07, 0.21), p value
< 0.001, respectively, based on the confounder model).

Changes in infant subcutaneous fat mass and
childhood general and organ fat

As shown in Table 3, based on the basic and confounder
model, overall a higher gain in total subcutaneous fat mass,
from 1.5 to 24 months only, was associated with a slightly
higher childhood BMI, FMI and subcutaneous fat mass
index, but not with visceral, pericardial or liver fat.

Critical periods of fat mass development

Figure 1 shows the results from the conditional regression
analyses. Infant total subcutaneous fat mass between 6 and
24 months and central-to-total fat mass ratio at 1.5 months
were, independently of fat mass in other time intervals,
associated with higher childhood BMI, FMI and sub-
cutaneous fat mass index, in the basic and confounder
model. Infant fat measures at no time interval were asso-
ciated with visceral and pericardial fat mass, and liver fat
fraction at 10 years based on the basic and confounder
model.

Discussion

In this population-based prospective cohort study, higher
total subcutaneous fat at 6 and 24 months, and a higher
central-to-total subcutaneous fat ratio at 1.5 months only,
were associated with higher BMI, higher total body fat and
higher abdominal subcutaneous fat mass at 10 years. Infant
subcutaneous fat measures, as well changes in these mea-
sures, were not associated with ectopic fat depots, namely
visceral, pericardial and liver fat at 10 years.

Interpretation of main findings

Adipose tissue is heterogeneous, with distinct metabolic
activity of different fat compartments, that develop at spe-
cific time pre- and postnatally [5, 15]. Existing evidence on
precisely measured specific fat compartments, in particular
ectopic fat, in relation to early life adiposity is scarce [12].
We have shown previously among 393 children that
abdominal subcutaneous fat and preperitoneal fat mass
measures by ultrasound, considered as a proxy for visceral
fat, track from the age of 2 to 6 years [30]. We have also

shown that subcutaneous fat at 24 months of age, was
positively associated with total fat mass and preperitoneal
fat mass area at the age of 6 years, though poorly indicated
cardiovascular risk profile of these children [13, 14].

On the basis of skinfolds thickness measurements in
infancy and childhood MRI-assessed organ-specific fat, this
study demonstrates that infant subcutaneous fat is positively
associated with childhood BMI, total fat and abdominal
subcutaneous fat. Excessive abdominal subcutaneous fat
storage has important clinical implications. Accumulation
of fat in this location was previously reported by us to be
even more strongly associated with cardiovascular risk
factors in children, than preperitoneal fat mass [31]. Also,
among US adults, both visceral and subcutaneous fat were
associated with metabolic risk factors independently of
overall adiposity [32]. Unlike the previous report assessing
preperitoneal fat mass area by ultrasound at 6 years [13], we
did not observe infant subcutaneous fat to be clearly asso-
ciated with visceral fat at 10 years. Yet, different fat ima-
ging techniques, and age at outcome assessment might
explain this discrepancy. Available longitudinal studies on
liver fat investigated its relation to early growth only in the
context of non-alcoholic fatty liver disease [33–36],
whereas studies on pericardial fat are lacking. Based on
Australian cohort study, skinfolds thickness measures at 1
year were not associated with the risk of non-alcoholic fatty
liver disease in adolescents [36]. We also did not observe
infant subcutaneous fat to be associated with liver fat, as
well as pericardial fat, at the age of 10 years. Thus, taking
into account previous and our study, it seems that fatness in
infancy, within the meaning of subcutaneous fat, does not
determine later visceral, liver or pericardial fat. As con-
siderable increase of visceral fat starts after the age of 2
years, it is likely that periods other than infancy, play
substantial role in the development of this, and other ectopic
fat depots [37].

It has been underlined that the tempo of early growth
rather than the levels of different anthropometric char-
acteristics per se, plays a role in the programming of body
composition. In the longitudinal study conducted in the US,
rapid weight gain in infancy was associated with increased
abdominal subcutaneous and visceral fat assessed by MRI
among 233 adults. Though this effect did not persist when
visceral fat was adjusted for total body fat [38]. Also, we
previously showed that infant weight gain was associated
with abdominal subcutaneous and preperitoneal fat assessed
by ultrasound at the age of 6 years [7]. In contrast, several
observational studies that assessed adult waist-to-hip ratio,
as a proxy for visceral fat, found no apparent associations
with early growth [39–41]. In our study, gain in total sub-
cutaneous fat between 1.5 and 24 months, was associated
with only slightly higher childhood BM, total fat and
increased subcutaneous fat, while we did not observe
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similar association for visceral fat. Previous studies
demonstrated that rates of change in adiposity between birth
and 1 year of age were not associated with liver outcomes,
including liver fat assessed by ultrasound, in adolescence

[35, 36]. In line, changes in subcutaneous fat during infancy
were not associated with later liver fat, and pericardial fat in
our study. Summarizing, our findings suggest that changes
in infant subcutaneous fat are unlikely to substantially

Fig. 1 Subcutaneous fat mass in specific periods within infancy and
general and organ fat measures at the age of 10 years (n= 383) [1, 2] a
Childhood body mass index. b Childhood fat mass index. c Childhood
subcutaneous fat mass index. d Childhood visceral fat mass index. e
Childhood pericardial fat mass index. f Childhood liver fat fraction.
1Values are regression coefficients (95% Confidence Intervals) from
conditional regression models and represent differences in childhood
outcomes in SDS per standardised residual change of infant

subcutaneous fat in each time interval. 2Basic model is adjusted for
child´s sex and child’s age at outcome measurements (except for sex-
and age-adjusted BMI SDS). The confounder model additionally
includes maternal age, educational level, parity, smoking habits during
pregnancy, pre-pregnancy BMI, gestational age, birth weight, breast-
feeding, and timing of introduction of solid foods. SDS, standard
deviation scores
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influence childhood fat accumulation in other than under
skin depots. As our sample mainly consisted of children
born appropriate for gestational age, we can only speculate
if these findings would differ in those prenatally growth
restricted with later catch-up growth.

Timing is important for white adipose tissue develop-
ment and setting the number of fat cells, as well as it plays
role in nutritional transition during infancy [4]. Previous
epidemiological studies do not provide evidence that allows
to identify periods within infancy, critical for long term
adiposity outcomes. Our findings suggest that fatness at
1.5 months, likely reflecting fetal period, and from 6–
24 months might be of greatest importance for childhood
BMI, total fat and abdominal subcutaneous fat.

Strength and limitations

Our study has several major strengths, including its pro-
spective population-based design, and availability of
detailed fat measurements, both in infancy and later child-
hood. To our knowledge this is one of the first large scale
studies with the use of MRI technique in children to assess
distribution and content of body fat. This enabled us to
obtain precise and accurate measures of fat, in particular
ectopic fat deposition in various regions. Due to repeated fat
measurements in infancy we were able to study different
time intervals in infancy rather than single time points.
Although we obtained fat measures in infancy, obviously
we were lacking data on other than subcutaneous fat depots
in this age period. Out of 991 infants with skinfolds
thickness measurements available, 398 (40%) were lost to
follow-up. However, we consider selection bias as unlikely
since children participating in the follow-up study did not
differ from those lost to follow-up in terms of fat measures
in infancy. Our sample consisted solely of Dutch children
which may limit generalizability of the findings, as ethnic
differences regarding body fat distribution have been pre-
viously observed [42]. We are aware that skinfold thickness
is considered as a valid measure of subcutaneous fat, though
more prone to measurement error than other anthropometric
measures. Finally, in our analyses we took into account a
number of potential confounders, still residual confounding
cannot be excluded due to observational design of this
study.

Conclusions

Our findings suggest that subcutaneous fat in infancy is
associated with childhood general adiposity and abdominal
subcutaneous fat, but does not determine accumulation of
ectopic fat, namely visceral, pericardial and liver fat. Future
studies on organ-specific fat development as well as on

interplay of different fat compartments across childhood are
warranted along with research progress on their role for
cardio metabolic and vascular health.
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