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The mysterious values of adipose tissue density and fat content
in infants: MRI-measured body composition studies
Takashi Abe1, Robert S. Thiebaud2 and Jeremy P. Loenneke1

Adipose tissue is a type of connective tissue composed of closely packed adipocytes with collagenous and elastic fibers. These
adipocytes store triglycerides at a high percentage and the estimate of this amount is important for the calculation of body fat
mass. For example, magnetic resonance imaging (MRI) measures adipose tissue volume, but adipose tissue density (fat content
percentage and density) is required to calculate fat mass. However, in previously published studies, the conversion factor for white
adipose tissue density varies from study to study. This paper aimed to investigate the different adipose tissue densities used as
conversion factors to clarify differences between studies. Furthermore, we include a new proposal for adipose tissue density and fat
content of infants based on the results of recent water–fat MRI studies.
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IMPACT:

● Magnetic resonance imaging (MRI) is one of the methods used to measure body composition in infants and the inherent
density of tissue/organs is needed in order to calculate the mass of target organs and tissues.

● The conversion factor used for white adipose tissue density currently varies from study to study.
● This article includes a new recommendation for the adipose tissue density and fat content of infants based on the results of

recent water–fat MRI studies.

INTRODUCTION
Magnetic resonance imaging (MRI) is one of the methods used
to measure body composition in vivo regardless of age. Even
in neonates, MRI has been reported as an accurate and
highly repeatable way to quantify body composition at the
tissue–organ level.1,2 This imaging technique measures the
volume (cm3) of a target by continuously summing the cross-
sectional areas (cm2) of organs and tissues that are captured in a
cross-sectional image. The inherent density of these tissue/
organs is then used to calculate the masses of target organs and
tissues.
Adipose tissue is a type of connective tissue made up of closely

packed adipocytes (i.e., fat cells) with collagenous and elastic
fibers. Recently, MRI using chemical shift water–fat separation
provided fat fraction percentages of white adipose tissue in
healthy humans in vivo3 and in fetuses and infants.4,5 For example,
Hu et al.5 reported that the mean fat fraction percentage of white
adipose tissue in infants aged 57 days was about 78%. Similar
values for the fat fraction percentage have been reported from
other infant studies.6,7 In contrast, there is a large difference in the
value of fat fraction percentage in white adipose tissue using
water–fat MRI when compared with a classical biopsy study. For
example, Baker8 reported that the percentage of fat content in
adipose tissue was 47% when using biopsy samples obtained
from neonates who died (i.e., intracranial hemorrhage) shortly
after their birth (within 48 h) or who were stillborn. The value
reported by Baker has been used to convert the volume measured

by MRI into a mass unit.9 The fat (i.e., triglyceride) density is
already known as 0.9 g/cm3. Thus, once the fat fraction percentage
in white adipose tissue is determined, it can be used as a
conversion factor for calculating fat mass (Formula #1).

Fat mass gð Þ ¼ adipose tissue volume cm3
� �

´ % fat fraction

´ fat density ð0:9 g=cm3Þ (1)

Interestingly, the water–fat MRI studies reported that the fat
fraction percentage in white adipose tissue of healthy fetuses was
24% at 34 weeks of gestational age4 and about 78% within 6 days
of birth.7 These results suggest that the fat fraction percentage of
white adipose tissue increases rapidly from the late gestational
age to birth.4 It is expected that the samples used in the biopsy
study may have reported a low fat fraction percentage of adipose
tissue at birth due to the poor development of adipose tissue fat
cells late in gestation. In addition to the data from the biopsy
study still being used for calculating fat mass, the conversion
factor for white adipose tissue density varies from study to
study.10–12 This is of importance given that this density value is
necessary to estimate organ/tissue mass. In order to ensure that
the estimate is valid, the appropriate density value must be used.
Therefore, the purpose of this manuscript was to investigate the
different adipose tissue densities used as conversion factors, to
clarify differences between studies, and to make a new proposal
for adipose tissue density of infants based on the results of recent
MRI studies.
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ADIPOSE TISSUE DENSITY DETERMINED BY THREE DIFFERENT
STUDIES
Rat study by Ross et al.13

In the study by Ross et al.,13 adipose tissue mass was calculated
by assuming that the average adipose tissue density was 0.9 g/
cm3 (Formula #2). It is known that the density of fat (triglyceride)
is 0.9 g/cm3. Thus this formula indicates that all adipose tissue is
composed of fat (i.e., 100% fat fraction). The authors described
the fat content of adipose tissue in rats using previous studies,
but it was not possible to sufficiently distinguish between the
fat fraction percentage and the density of adipose tissue. This
formula has been used to convert MRI-measured adipose tissue
volume to body fat mass in previous human studies.9,11,14,15 One
of the human studies9 calculated the adipose tissue mass by
multiplying the adipose tissue volume by 0.9 g/cm3 (i.e., density
of adipose tissue) and then estimated the fat mass by using the
fat fraction percentage that was reported by Baker.8 In reference
adult men, adipose tissue is composed of approximately 80%
fat, 5% protein, and 15% water, which results in a density of
0.916 g/cm3.16 If the neonate’s adipose tissue contains more
water (density, 1.0 g/cm3) than fat (density, 0.9 g/cm3) when
compared to adults, then the density of the adipose tissue is
likely to be higher than that of the adults (0.916 g/cm3). Thus it
may not be appropriate to use 0.9 g/cm3 as the adipose tissue
density.

Adipose tissue mass gð Þ ¼ adipose tissue volume ðcm3Þ ´ 0:9 g=cm3

(2)

Infant biopsy study by Kabir and Forsum
Several studies1,2,10 used the conversion factor reported by Kabir
and Forsum17 to calculate fat mass from adipose tissue volume
measured by MRI (Formula #3). In that study,17 the authors
measured the chemical compositions of infant adipose tissue
using biopsy samples. They reported that adipose tissue contained
71% fat, 26% water, and 4% fat-free solids in infants aged
5.5 months (6.8 kg body mass and 63 cm body height). Assuming
that adipose tissue only contains fat, water, and fat-free solids, the
adipose tissue density was calculated from each of its component
respective densities (fat 0.9 g/cm3; water 1.012 g/cm3; fat-free
solids 1.4 g/cm3) and their proportions. The final calculated
density by the Kabir and Forsum was 0.66 g/cm3. When calculating
the fat fraction percentage, there are two processes, i.e., volume
ratio and mass ratio. Since MRI measures the adipose tissue
volume, it is desirable that the percentage of fat content should
be the volume ratio of the adipose tissue. While water–fat MRI
provides the quantitative ratio of signals (volume) from lipids and
water in tissues, a biopsy measures the mass of each component
to calculate the ratio.

Fat mass gð Þ ¼ adipose tissue volume cm3
� �

´ 0:66 g=cm3 (3)

Combination of adipose tissue density and percentage of fat
content
In the study by Gale et al.,12 two conversion factors, i.e., adipose
tissue density and fat content percentage were used to calculate
subcutaneous and intra-abdominal fat mass from adipose tissue
volume in infants (Formula #4). The density of adipose tissue
obtained from unembalmed cadavers was 0.987 g/cm3,18 and the
fat content percentage obtained from neonates who died at birth
or during the first week of life was 42.9%.19 As mentioned earlier,
biopsy samples of neonates, such as stillbirths, may have poorly
developed adipose tissue fat cells late in gestation. It is not clear,
but it seems that this fat fraction percentage needs to be treated
with caution in the future. In addition, the authors used adipose
tissue density (0.987 g/cm3) rather than fat density (0.9 g/cm3). As
can be seen from Formula #4, the authors used adipose tissue

density, and when multiplied by the fat content, the final
calculation represented the amount of adipose tissue mass, not
the amount of fat mass.

Fat mass gð Þ ¼ adipose tissue volume cm3
� �

´ adipose tissue density ð0:987 g=cm3Þ
´ % fat content 42:9%ð Þ

(4)

OUR PROPOSAL AND FUTURE TASK
Fat density is required to calculate the amount of fat mass from
the volume of adipose tissue containing fat. Assuming that fat
density (0.9 g/cm3) is constant during the growth process, the fat
fraction percentage in adipose tissue is an important conversion
factor for calculating fat mass (Formula #1). There are two
methods, biopsy and water–fat MRI, to measure the fat fraction
percentage of adipose tissue in neonates and infants. Water–fat
MRI is considered to be suitable for obtaining the value of adipose
tissue fat fraction percentage in healthy infants. We have
calculated the mean value (72%) of adipose tissue fat fraction in
infants within the first month of life using three previously
reported studies.5–7 Thus the fat fraction percentage for convert-
ing the adipose tissue volume measured by MRI to fat mass is 72%
for neonates who are within 1 month of birth. However, due to a
lack of research, it is impossible to provide the change in fat
fraction percentage of white adipose tissue after 1 month of birth.
It is also unknown whether the adipose tissue fat fraction
percentage differs between preterm and term infants or between
breastfeeding and formula feeding.
There is no doubt that future research is needed, but one study

is noteworthy. The study measured the adipose tissue fat fraction
of the Bichat’s fat pad in infants between the ages of 1 day and
10 months.20 The masticatory fat pad is a unique adipose tissue
that transforms from brown adipose tissue to white adipose tissue
in early postnatal life. The authors reported that the fat fraction
percentage in the masticatory fat pad increased from birth to
1 month old and then was maintained at a similar level until
10 months old.20 Assuming that the same phenomenon occurs in
white adipose tissue, it is expected that the fat fraction percentage
will reach the level of children (about 87%) around the first month
of life.3 Overall, differences exist between neonates and adults, but
clearer standards need to be used to accurately determine the fat
mass in infants.
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