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Abstract
Background: Skinfold thickness enables the measurement of overall and regional subcutaneous fatness in infancy
and may be associated with total and abdominal body fat in later childhood. We examined the associations of
subcutaneous fat in infancy with total and abdominal fat at school-age.
Methods: In a population-based prospective cohort study among 821 children, we calculated total subcutaneous fat
(sum of biceps, triceps, suprailiacal, and subscapular skinfold thicknesses) and central-to-total subcutaneous fat
ratio (sum of suprailiacal and subscapular skinfold thicknesses/total subcutaneous fat) at 1.5 and 24 months. At
6 years, we measured fat mass index (total fat/height3), central-to-total fat ratio (trunk fat/total fat), and androidto-gynoid fat ratio (android fat/gynoid fat) by dual-energy X-ray absorptiometry and preperitoneal fat mass area
by abdominal ultrasound.
Results: Central-to-total subcutaneous fat ratio at 1.5 months was positively associated with fat mass index and
central-to-total fat ratio at 6 years, whereas both total and central-to-total subcutaneous fat ratio at 24 months
were positively associated with all childhood adiposity measures. A 1-standard-deviation scores higher total
subcutaneous fat at 24 months was associated with an increased risk of childhood overweight (odds ratio 1.70,
95% confidence interval 1.36, 2.12). These associations were weaker than those for body mass index and stronger
among girls than boys.
Conclusions: Subcutaneous fat in infancy is positively associated with total and abdominal fat at school-age. Our
results also suggest that skinfold thicknesses add little value to estimate later body fat, as compared with body
mass index.
Keywords: infancy, subcutaneous fat, tracking, childhood, abdominal fat.

Infancy seems to be a critical period for the development of obesity.1 An accumulating body of evidence
has suggested that nutrition and growth in infancy are
related to the risk of obesity in later life.2,3 Also, infant
growth patterns seem to be related not only to body
mass index but also to an adverse body fat distribution.4,5 Several studies have shown that compared
with body mass index, body fat distribution plays a
greater role in the development of obesity-related
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complications such as cardiovascular disease and type
2 diabetes.6 Although previous studies have suggested
that central fat mass tracks moderately from midchildhood into adulthood,7–10 it is not known whether
body fat distribution measures in infancy are associated with similar measures in later childhood.
Skinfold thickness is a valid measurement of subcutaneous fat mass that enables assessment of overall
and regional fatness in infancy.11 Previously, we
reported the tracking of subcutaneous fat mass measured by skinfold thickness during the first 2 years of
life.12 Assessing the associations of these specific fat
mass measures during infancy with fat mass measures during childhood helps to further understand
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the stability of body fat across childhood. Also, skinfold thickness measurements in infancy may be associated with an adverse body fat pattern in later
childhood.
Therefore, we examined, in a population-based
prospective cohort study among 821 children, the
associations of infant subcutaneous fat mass measures
with total and abdominal fat mass measures and with
the risk of overweight at school-age.

Methods
Study design
This study was embedded in the Generation R Study,
a population-based prospective cohort study from
early pregnancy onwards among 9778 mothers and
their children living in Rotterdam, the Netherlands.13
The study was approved by the local Medical Ethical
Committee. Written informed consent was obtained
from all mothers. Additional detailed assessments of
fetal and postnatal growth and development were
conducted in a subgroup of Dutch mothers and their
children from late pregnancy onwards. Of all
approached women, 80% agreed to participate. Of the
total of 1205 singleton children participating in the
subgroup study, 965 children had body mass index,
or skinfold thicknesses measured at the age of 1.5 or
24 months. Of the group of 965 children, 821 children
had follow-up measurements at the age of 6 years
(Flow chart is given in Figure S1).

Body fat measurements during infancy
We measured weight to the nearest gram in naked
infants at the age of 1.5 months using an electronic
infant scale and at 24 months using a mechanical personal scale (SECA, Almere, The Netherlands). Body
length at the age of 1.5 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 stadiometer (Holtain Limited, Dyfed, UK). Body mass
index (kg/m2) was calculated.
We measured skinfold thicknesses at the ages of 1.5
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.12 We calculated total subcutaneous fat mass from the sum of

all four skinfold thicknesses, and central subcutaneous fat mass from the sum of suprailiacal and subscapular skinfold thicknesses.14,15 To create total
subcutaneous fat mass independent of length or
height and central subcutaneous fat mass independent of total subcutaneous fat mass, we estimated the
optimal adjustment by log–log regression analyses.16
Details of these regressions are given in the Supporting Information. Total subcutaneous fat mass was
only weakly correlated with length or height, and was
not adjusted for it, whereas a central-to-total subcutaneous fat mass ratio was calculated as central divided
by total subcutaneous fat mass.

Body fat measurements at school-age
Measurements were performed in a dedicated
research centre by a well-trained staff.4 We measured
height to the nearest millimetre using a Harpenden
stadiometer (Holtain Limited, Dyfed, UK) and weight
to the nearest gram using a mechanical personal scale
(SECA) in a standing position without shoes and
heavy clothing. We calculated body mass index (kg/
m2), and defined overweight and obesity as described
by Cole et al.17
We measured total and regional body fat mass
using a DXA scanner (iDXA, GE-Lunar, 2008, Madison, WI, USA, ENCORE software v.12.6), according to
standard procedures.4 Previous studies have validated DXA against computed tomography for body
fat assessment.18–20 We divided total fat mass by
height3 in order to obtain a fat mass index uncorrelated with height, as confirmed by a log–log regression analysis.16,21 We assessed central fat mass as fat
mass of the trunk, and divided by total fat mass in
order to obtain a central-to-total fat mass ratio effectively uncorrelated with total fat mass. We calculated
the ratio of android and gynoid fat mass, which
reflects the relation between fat mass in the abdomen
(android) and hip (gynoid) regions.
Abdominal preperitoneal fat mass, as a proxy for visceral fat mass, was measured by abdominal ultrasound
(GE LOGIQ E9, Milwaukee, WI, USA), as described
previously.22 Briefly, a linear (L12-5 MHz) transducer
was placed perpendicular to the skin surface on the
median upper abdomen.23 We scanned longitudinally
from the xiphoid process to the navel along the midline
(linea alba). Preperitoneal fat mass area was measured
as the area of 2-cm length along the midline starting
from the reference point in direction of the navel.
© 2016 John Wiley & Sons Ltd
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Covariates
Information on maternal age, educational level, parity, pre-pregnancy weight, and smoking habits during
pregnancy was assessed using self-reported questionnaires during pregnancy. We measured maternal
height at enrolment, and calculated pre-pregnancy
body mass index (kg/m2). Information about child’s
sex, gestational age, and weight at birth was obtained
from medical records. Information about breast-feeding duration, timing of introduction of solid foods,
and average television watching time at 6 years old
was obtained by questionnaires.

Statistical analysis
We examined differences between boys and girls for
maternal and child’s characteristics with Student’s ttests and Mann-Whitney tests for normally and nonnormally distributed variables, respectively and with
v2-test for dichotomous variables. We used Pearson’s
or Spearman’s rank correlation coefficients to estimate
correlations of subcutaneous fat mass measures at 1.5
or 24 months with total and abdominal fat mass measures at 6 years. We assessed the associations of infant
subcutaneous fat mass measures with childhood total
and abdominal fat mass measures using linear regression models and with the risk of childhood overweight using logistic regression models. These
regression models were adjusted for maternal age,
educational level, parity, pre-pregnancy body mass
index, and smoking habits during pregnancy, and
child’s gestational age-adjusted birthweight SDS,
breast-feeding duration, timing of introduction of
solid foods, and TV-watching time. We included
covariates in the models when they changed the effect
estimates substantially (>10%), or when they were
strongly associated with body fat mass in our or
previous studies. Since we observed statistically
significant interactions between infant subcutaneous
fat mass measures and child’s sex in the association
with childhood total and abdominal fat mass measures, we performed all analyses for the total group
and for boys and girls separately. No significant interactions were observed with body mass index categories at 1.5 or 24 months. We constructed SDS
((observed value mean)/SD) for all continuous
body fat measures at each age to take into account the
expected changes in body composition and fat distribution across ages and also to enable comparisons in
© 2016 John Wiley & Sons Ltd
Paediatric and Perinatal Epidemiology, 2016, 30, 511–520

513

effect size for different exposure and outcome measures. Missing values in covariates (ranging from 0 to
15%) were multiple-imputed, using Markov chain
Monte Carlo approach. Five imputed data sets were
created and analysed together. We performed statistical analyses using the SPSS version 21.0 for Windows
(SPSS Inc, Chicago, IL, USA).

Results
Subject characteristics
Tables 1 and 2 show the subject characteristics. Boys
had higher body mass index, whereas girls had higher
central-to-total subcutaneous fat mass ratio at
1.5 months and a higher total subcutaneous fat mass
and central-to-total subcutaneous fat mass ratio at
24 months. At 6 years, girls had higher fat mass index,
central-to-total fat mass ratio, and abdominal preperitoneal fat mass area than boys. Table S2 gives all subcutaneous fat mass measures at 1.5 and 24 months.
Non-response analyses showed that as compared with
children who did not participate in the follow-up studies, those who did participate were born with a higher
weight and gestational age at birth and were breastfed
for a longer period (P < 0.05) (Table S3).

Body fat from infancy to childhood
The unadjusted correlations of infant subcutaneous
fat mass measures at 1.5 or 24 months with total and
abdominal fat mass measures at 6 years old for the
total group and by sex are shown in Tables S4 and S5
respectively.
A 1-standard-deviation scores (SDS) higher body
mass index at 1.5 months was only associated with a
0.16 (95% confidence interval (CI) 0.09, 0.24) SDS
increase in body mass index at 6 years (Table 3). A 1SDS higher central-to-total subcutaneous fat mass
ratio at 1.5 months was associated with a 0.12 (95%
CI 0.05, 0.19) SDS increase in fat mass index and a
0.11 (95% CI 0.04, 0.18) SDS increase in central-tototal fat mass ratio at 6 years. No other associations
of fat mass at 1.5 months with fat outcomes at
6 years were observed. Also, no sex differences were
observed.
A 1-SDS higher body mass index at 24 months was
associated with an increase of 0.48 (95% CI 0.42, 0.54)
SDS in body mass index, 0.33 (95% CI 0.26, 0.40) SDS
in fat mass index, 0.18 (95% CI 0.11, 0.26) SDS in
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Table 1. Characteristics of study participantsa
Total group (n = 821)
Maternal characteristics
Age (years), mean (SD)
Highest completed education, n (%)
Primary school
Secondary school
Higher education
Parity, n (%) primiparae
Pre-pregnancy body mass index (kg/m2), mean (SD)
Smoking habits during pregnancy, n (%) yes
Child’s characteristics
Sex, %
Birthweight (g), mean (SD)
Gestational age at birth (weeks), median (95% range)
Breast-feeding duration (months), mean (SD)
Introduction of solid foods, n (%)
<3 months
3–6 months
>6 months
TV-watching time, n (%) ≥ 2 h/day

Boys (n = 412)

Girls (n = 409)

32.0 (3.9)

31.8 (3.9)

32.1 (3.8)

0.346

10 (1.2)
265 (32.3)
546 (66.5)
522 (63.6)
23.5 (4.0)
175 (21.3)

3 (0.7)
135 (32.8)
274 (66.5)
262 (63.6)
23.4 (4.0)
87 (21.1)

7 (1.7)
130 (31.8)
272 (66.5)
260 (63.6)
23.7 (4.0)
88 (21.5)

0.428

0.995
0.208
0.776

3533 (522)
40.3 (36.3–42.4)
4.8 (3.8)

412 (50.2)
3588 (503)
40.3 (36.5–42.4)
4.7 (3.7)

409 (49.8)
3477 (536)
40.3 (36.0–42.4)
4.9 (3.9)

0.002
0.710
0.442

47 (5.7)
631 (76.9)
143 (17.4)
76 (9.3)

23 (5.6)
316 (76.7)
73 (17.7)
45 (10.9)

24 (5.9)
315 (77.0)
70 (17.1)
31 (7.6)

P-value

0.885

0.131

SD, standard deviation.
a
Values are expressed as means (SD), medians (95% range), or numbers of subjects (%). The values represent the pooled results after
multiple imputation. Observed data are given in Table S1.

Table 2. Body fat at 1.5 and 24 months by skinfold thicknesses and at 6 years old by dual-energy X-ray absorptiometry and abdominal
ultrasounda

1.5 months
Age (months), mean (SD)
Body mass index (kg/m2), mean (SD)
Total subcutaneous fat mass (mm), mean (SD)
Central-to-total subcutaneous fat mass ratio, mean (SD)
24 months
Age (months), mean (SD)
Body mass index (kg/m2), mean (SD)
Total subcutaneous fat mass (mm), mean (SD)
Central-to-total subcutaneous fat mass ratio, mean (SD)
6 years
Age (years), mean (SD)
Body mass index (kg/m2), mean (SD)
Overweight and obese (IOTF), n (%)
Fat mass index (kg/m3), mean (SD)
Central-to-total fat mass ratio, mean (SD)
Android-to-gynoid fat mass ratio, mean (SD)
Preperitoneal fat mass area (cm²), median (95% range)

Total group

Boys

Girls

n = 742
1.6 (0.4)
15.1 (1.4)
23.9 (7.1)
0.50 (0.05)
n = 746
25.2 (1.1)
15.9 (1.3)
27.4 (7.5)
0.43 (0.06)
n = 821
6.0 (0.3)
15.9 (1.4)
88 (10.7)
3.2 (0.8)
0.33 (0.04)
0.24 (0.05)
0.4 (0.2–0.9)

n = 372
1.6 (0.4)
15.3 (1.5)
23.8 (7.0)
0.49 (0.05)
n = 381
25.3 (1.1)
16.0 (1.3)
26.7 (7.2)
0.42 (0.06)
n = 412
6.0 (0.3)
15.9 (1.3)
34 (8.3)
2.9 (0.7)
0.32 (0.03)
0.24 (0.05)
0.3 (0.2–0.7)

n = 370
1.6 (0.5)
15.0 (1.3)
24.0 (7.1)
0.51 (0.05)
n = 365
25.2 (1.1)
15.9 (1.3)
28.1 (7.7)
0.44 (0.06)
n = 409
6.0 (0.2)
15.9 (1.5)
54 (13.2)
3.4 (0.9)
0.34 (0.04)
0.25 (0.06)
0.4 (0.2–1.0)

P-value

0.340
0.001
0.705
<0.001
0.408
0.145
0.012
0.001
0.450
0.955
0.023
<0.001
<0.001
0.089
<0.001

IOTF, International Obesity Task Force; SD, standard deviation.
a
Values are expressed as means (SD), medians (95% range), or numbers of subjects (valid %). Body mass index = weight/height2. Total
subcutaneous fat mass = biceps + triceps + suprailiacal + subscapular skinfold thicknesses. Central-to-total subcutaneous fat mass
ratio = (suprailiacal + subscapular skinfold thicknesses)/total subcutaneous fat mass. Fat mass index = total fat mass/height3. Centralto-total fat mass ratio = trunk fat mass/total fat mass. Android-to-gynoid fat mass ratio = android fat mass/gynoid fat mass.

© 2016 John Wiley & Sons Ltd
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Table 3. Associations of subcutaneous fat mass measures at 1.5 months with total and abdominal fat mass at 6 years olda–c
Fat mass measures at 6 years in standard-deviation scores
Difference (95% CI)
Fat mass measures
at 1.5 months
Total group
Body mass index
Total subcutaneous fat mass
Central-to-total subcutaneous
fat mass ratio
Boys
Body mass index
Total subcutaneous fat mass
Central-to-total subcutaneous
fat mass ratio
Girls
Body mass index
Total subcutaneous fat mass
Central-to-total subcutaneous
fat mass ratio

Body mass index

Central-to-total
fat mass ratio

Fat mass index

Android-to- gynoid
fat mass ratio

Preperitoneal
fat mass area

0.16 (0.09, 0.24)
0.06 ( 0.02, 0.13)
0.04 ( 0.02, 0.12)

0.05 ( 0.03, 0.12)
0.05 ( 0.02, 0.13)
0.12 (0.05, 0.19)

0.03 ( 0.11, 0.05)
0.01 ( 0.07, 0.09)
0.11 (0.04, 0.18)

0.04 ( 0.04, 0.12)
0.01 ( 0.07, 0.09)
0.07 (0.00, 0.14)

0.05 ( 0.03, 0.13)
0.05 ( 0.02, 0.12)
0.07 ( 0.01, 0.14)

0.25 (0.14, 0.36)
0.12 (0.01, 0.23)
0.03 ( 0.08, 0.13)

0.21 (0.09, 0.33)
0.07 ( 0.04, 0.19)
0.07 ( 0.03, 0.18)

0.10 ( 0.02, 0.22)
0.09 ( 0.03, 0.20)
0.06 ( 0.05, 0.16)

0.13 (0.02, 0.25)
0.03 ( 0.08, 0.14)
0.07 ( 0.04, 0.17)

0.20 (0.07, 0.33)
0.14 (0.02, 0.26)
0.01 ( 0.11, 0.13)

0.08 ( 0.02, 0.18)
0.01 ( 0.11, 0.09)
0.08 ( 0.01, 0.18)

0.02 ( 0.08, 0.12)
0.01 ( 0.10, 0.11)
0.10 (0.01, 0.20)

0.06 ( 0.16, 0.05)
0.08 ( 0.19, 0.03)
0.09 ( 0.01, 0.19)

0.03 ( 0.14, 0.08)
0.02 ( 0.13, 0.09)
0.06 ( 0.04, 0.17)

0.02 ( 0.09, 0.12)
0.03 ( 0.13, 0.06)
0.06 ( 0.03, 0.16)

a
Values are standardised regression coefficients (95% CI) and represent the difference in standard-deviation scores for fat mass measures at 6 years per 1-standard-deviation scores increase in body mass index and subcutaneous fat mass measures at 1.5 months. Body
mass index = weight/height2. Total subcutaneous fat mass = biceps + triceps + suprailiacal + subscapular skinfold thicknesses.
Central-to-total subcutaneous fat mass ratio = (suprailiacal + subscapular skinfold thicknesses)/total subcutaneous fat mass. Fat mass
index = total fat mass/height3. Central-to-total fat mass ratio = trunk fat mass/total fat mass. Android-to-gynoid fat mass ratio = android fat mass/gynoid fat mass.
b
Models are adjusted for maternal age, educational level, parity, pre-pregnancy body mass index, smoking habits during pregnancy,
and child’s gestational age-adjusted birthweight standard-deviation scores, breast-feeding duration, timing of introduction of solid
foods, and TV watching time.
c
P-value for interaction of child’s sex with fat mass measures at 1.5 months >0.05.

central-to-total fat mass ratio, and 0.16 (95% CI 0.08,
0.23) SDS in android-to-gynoid fat mass ratio
(Table 4). A 1-SDS higher total subcutaneous fat mass
at 24 months was associated with an increase of 0.30
(95% CI 0.23, 0.37) SDS in body mass index, 0.36 (95%
CI 0.29, 0.43) SDS in fat mass index, 0.28 (95% CI 0.20,
0.35) SDS in central-to-total fat mass ratio, 0.23 (95% CI
0.16, 0.31) SDS in android-to-gynoid fat mass ratio,
and 0.19 (95% CI 0.12, 0.26) SDS in preperitoneal fat
mass area. The associations of central-to-total subcutaneous fat mass ratio at 24 months with fat mass measures at 6 years were also significant but weaker. The
associations tended to be stronger among girls than
among boys.

Infant body fat and risk of childhood overweight
A 1-SDS higher body mass index at 1.5 months was
associated with an increased odds of overweight at
6 years (OR, 1.40, 95% CI 1.08, 1.81) (Figure 1),
© 2016 John Wiley & Sons Ltd
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whereas a 1-SDS higher central-to-total subcutaneous
fat mass ratio at 1.5 months was associated with an
increased odds of overweight at 6 years among girls
only (OR 1.61, 95% CI 1.09, 2.38). A 1-SDS higher body
mass index and total subcutaneous fat mass at
24 months were associated with increased odds of
childhood overweight (OR 2.76, 95% CI 2.07, 3.69) and
OR 1.70, 95% CI 1.36, 2.12 respectively). We did not
observe associations for central-to-total subcutaneous
fat mass ratio at 24 months with the risk of childhood
overweight. Stronger associations were present
among girls than among boys.

Comment
We observed that infant subcutaneous fat mass measures, calculated from skinfold thickness, are associated
with total and abdominal fat mass at school-age. The
effect estimates were stronger for body mass index and
total subcutaneous fat mass than for central-to-total
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Table 4. Associations of subcutaneous fat mass measures at 24 months with total and abdominal fat mass at 6 years old a,b
Fat mass measures at 6 years in standard-deviation scores
Difference (95% CI)
Fat mass measures at
24 months
Total group
Body mass index
Total subcutaneous fat mass
Central-to-total subcutaneous
fat mass ratio
Boys
Body mass index
Total subcutaneous fat mass
Central-to-total subcutaneous
fat mass ratio
Girls
Body mass index
Total subcutaneous fat mass
Central-to-total subcutaneous
fat mass ratio

Body mass index

Fat mass index

Central-to-total
fat mass ratio

Android-to- gynoid
fat mass ratio

Preperitoneal
fat mass area

0.48 (0.42, 0.54)†
0.30 (0.23, 0.37)
0.09 (0.01, 0.16)†

0.33 (0.26, 0.40)†
0.36 (0.29, 0.43)†
0.14 (0.06, 0.22)†

0.18 (0.11, 0.26)†
0.28 (0.20, 0.35)
0.12 (0.04, 0.20)†

0.16 (0.08, 0.23)†
0.23 (0.16, 0.31)†
0.10 (0.03, 0.18)†

0.07 (0.00, 0.14)†
0.19 (0.12, 0.26)
0.10 (0.02, 0.17)

0.46 (0.36, 0.55)
0.26 (0.15, 0.36)
0.01 ( 0.12, 0.10)

0.35 (0.25, 0.45)
0.33 (0.22, 0.43)
0.02 ( 0.13, 0.10)

0.20 (0.09, 0.30)
0.22 (0.11, 0.32)
0.00 ( 0.11, 0.11)

0.10 ( 0.01, 0.21)
0.12 (0.01, 0.23)
0.01 ( 0.10, 0.12)

0.01 ( 0.12, 0.13)
0.14 (0.01, 0.27)
0.11 ( 0.02, 0.24)

0.50 (0.41, 0.59)
0.34 (0.24, 0.44)
0.15 (0.05, 0.26)

0.43 (0.33, 0.52)
0.38 (0.28, 0.47)
0.18 (0.07, 0.28)

0.25 (0.14, 0.36)
0.30 (0.20, 0.41)
0.14 (0.04, 0.25)

0.22 (0.11, 0.32)
0.31 (0.20, 0.41)
0.14 (0.03, 0.25)

0.15 (0.05, 0.25)
0.21 (0.12, 0.29)
0.05 ( 0.05, 0.15)

a
Values are standardised regression coefficients (95% CI) and represent the difference in standard-deviation scores for fat mass measures at 6 years per 1-standard-deviation scores increase in body mass index and subcutaneous fat mass measures at 24 months. Body
mass index = weight/height2. Total subcutaneous fat mass = biceps + triceps + suprailiacal + subscapular skinfold thicknesses.
Central-to-total subcutaneous fat mass ratio = (suprailiacal + subscapular skinfold thicknesses)/total subcutaneous fat mass. Fat mass
index = total fat mass/height3. Central-to-total fat mass ratio = trunk fat mass/total fat mass. Android-to-gynoid fat mass ratio = android fat mass/gynoid fat mass.
b
Models are adjusted for maternal age, educational level, parity, pre-pregnancy body mass index, smoking habits during pregnancy,
and child’s gestational age-adjusted birthweight standard-deviation scores, breast-feeding duration, timing of introduction of solid
foods, and TV watching time.
†
P-value for interaction of child’s sex with fat mass measures at 24 months ≤0.05.

subcutaneous fat mass ratio, and for girls compared
with boys. Also, the effect estimates were stronger for
24 months than for 1.5 months fat mass measures.

Interpretation of main ﬁndings
Body mass index tends to track from infancy
onwards. A previous review among 21 studies has
shown that large body size (weight or body mass
index) in 0- to 4-year-old children was related to large
body size at primary school age.24 A meta-regression
analysis among 48 cohort studies has shown a high
degree of tracking for body mass index among children until 10 years of age. The tracking estimates
gradually decreased over follow-up time and were
not influenced by body mass index at first measurement or sex.25 In our study, we observed a moderate
tracking of body mass index from infancy to childhood. Stronger associations were observed from
24 months onwards than from 1.5 months onwards,

in line with the stronger tracking reported in the
meta-regression for shorter follow-up periods. We did
not observe differences in results when we used ponderal index (weight/height3) at 1.5 months (data not
shown). We observed slightly stronger effect estimates among girls compared with boys.
Body mass index provides limited information
about body fat distribution. Android-to-gynoid fat
mass ratio as well as preperitoneal fat mass have previously been associated with an adverse cardiovascular risk profile in childhood and adulthood,
independently of body mass index.26,27 Previous studies have suggested that total and central fat mass track
moderately from childhood into adulthood,7–10,28–30
although with a lower tracking as compared with
body mass index. Since we used different body fat
mass measures in infancy and at school-age, we could
not directly estimate tracking coefficients. However,
we observed that total subcutaneous fat mass at
24 months was positively associated with fat mass
© 2016 John Wiley & Sons Ltd
Paediatric and Perinatal Epidemiology, 2016, 30, 511–520

Body fat in infants and children

Figure 1. Associations of subcutaneous fat mass measures at 1.5
or 24 months with risk of overweight at 6 years old. Values are
odds ratios (95% CI) on a logarithmic scale and represent the risk
of overweight at 6 years per 1-standard-deviation scores increase
in body mass index and subcutaneous fat mass measures at 1.5 or
24 months. Body mass index = weight/height2. Total subcutaneous fat mass = biceps + triceps + suprailiacal + subscapular
skinfold thicknesses. Central-to-total subcutaneous fat mass
ratio = (suprailiacal + subscapular skinfold thicknesses)/total
subcutaneous fat mass. SDS, standard-deviation scores. Models
are adjusted for maternal age, educational level, parity, pre-pregnancy body mass index, smoking habits during pregnancy, and
child’s gestational age-adjusted birthweight standard-deviation
scores, breast-feeding duration, timing of introduction of solid
foods, and TV watching time. P-value for interaction of child’s
sex with total subcutaneous fat mass and central-to-total subcutaneous fat mass ratio at 1.5 months ≤0.05. P-value for interaction
of child’s sex with body mass index at 24 months <0.05.

index at school-age, suggesting tracking of total fat
mass from infancy into school-age. Higher total and
central-to-total subcutaneous fat mass ratio in infancy
© 2016 John Wiley & Sons Ltd
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were associated with higher central-to-total and
android-to-gynoid fat mass ratios measured by DXA
and preperitoneal fat mass area measured by abdominal ultrasound at 6 years old. Our results suggest that
besides higher body mass index, higher total subcutaneous fat mass, and central-to-total subcutaneous fat
mass ratio in infancy relate to an adverse body fat profile at school-age.
We observed stronger effect estimates for infant total
subcutaneous fat mass than for central-to-total subcutaneous fat mass ratio, in the associations with similar
measures at school-age, although both showed weaker
effect estimates compared with the tracking of body
mass index from infancy to childhood. The latter may
be explained by the differences in methodology to
assess the fat mass components in infancy and childhood. In infancy, skinfold thickness measurements
reflect the subcutaneous depots only, whereas in childhood DXA comprise both subcutaneous and intraabdominal depots.11 However, during the first
4 months of life, approximately 90% of body fat is
located subcutaneously,31 and preperitoneal fat mass
seems to increase only from the second year of life
onwards.32 Finally, skinfold thickness measurements
may be more liable to measurement error than body
mass index,33,34 which may also lead to an underestimation of the effect estimates for subcutaneous fat measures from infancy onwards. We also observed stronger
effect estimates among girls than boys. Sex-specific adiposity differences have been attributed to sex hormones. During infancy, testosterone concentrations
increase during the first week of life before decreasing
around 6 months of life among boys, whereas oestrogen increases shortly after birth and remains raised
until 2–3 years among girls.35 The stronger associations
that we observed among girls may be partly a result of
a more stable body fat development during infancy driven by less hormonal fluctuations. Further studies are
needed to explore the mechanisms underlying the
observed sex differences in body fat development. The
stronger associations observed for 24 months than for
1.5 months could be due to the shorter interval between
24 months and 6 years old, as previously reported for
body mass index.25 Also, 1.5 months might be more
reflective of fetal growth patterns which seemed to be
less associated, as compared with postnatal growth,
with later abdominal adiposity in our previous study.5
Whether skinfold thickness measurements during
infancy are useful in clinical practice is not known.
Our results suggest that compared with body mass
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index, subcutaneous fat mass measures in infancy
add little value to estimate total or abdominal fat mass
at school-age. Given the challenges of obtaining precise and reliable skinfold thickness measurements, the
additional clinical value of skinfold thicknesses compared with body mass index may be only limited.

school-age. The effect estimates were stronger for
body mass index and total subcutaneous fat mass
than for central-to-total subcutaneous fat mass ratio,
and for girls compared with boys. Our results suggest
that skinfold thickness measurements in infancy add
little value to estimate body fat in later childhood, as
compared with body mass index.

Methodological considerations
Major strengths of this study are the population-based
prospective design with detailed infant and childhood
body fat measurements available. Of the 965 singleton
children with information on body fat mass measures
at the age of 1.5 or 24 months, 85% (821) participated in
the adiposity follow-up study at 6 years old. The nonresponse could lead to biased effect estimates if the
associations of interest would differ between children
included and not included in the analyses. Children
included in the analyses were born with a higher
weight and gestational age and were breastfed for a
longer period compared with those not included. It is
difficult to speculate if these differences might have
influenced our effect estimates. However, this seems
unlikely since children that did not participate in the
follow-up studies did not differ from those who did
participate regarding infant body mass index and
subcutaneous fat mass measures. Our sample was ethnically homogeneous, which may limit the generalisability of our results to other ethnic groups.25 We used
skinfold thickness which is a valid measurement of subcutaneous fat in children, but in extremely overweight
children the measurement error is larger.15 The interand intra-observer measurement error is also larger
as compared with other anthropometric measurements.33,34 We did not have available skinfold thickness
measurements from the lower limbs, such as thigh or
calf, which could have improved our estimates of subcutaneous fat mass. We obtained detailed measures of
adiposity at school-age using DXA that quantifies body
fat content with high precision and abdominal ultrasound which is a valid method to assess abdominal
preperitoneal fat mass area.23 Finally, although we
adjusted for a large number of potential confounders,
residual confounding in the observed associations
might still occur, as in any observational study.

Conclusion
Subcutaneous fat mass measures in infancy are positively associated with total and abdominal fat mass at
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