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Abstract Limited research has been conducted that elucidates the growth and body compo-
sition of preterm infants. It is known that these infants do not necessarily achieve extra-utero
growth rates and body composition similar to those of their term counterparts. Preterm in-
fants, who have difficulty in achieving these growth rates, could suffer from growth failure.
These infants display an increased intra-abdominal adiposity and abnormal body composition
when they achieve catch-up growth. These factors affect the quality of weight gain, as these
infants are not only shorter and lighter than term infants, they also have more fat mass (FM)
and less fat-free mass (FFM), resulting in a higher total fat percentage. This could cause meta-
bolic syndrome and cardiovascular problems to develop later in a preterm infant’s life. The
methods used to determine body composition in preterm infants should be simple, quick,
non-invasive and inexpensive. Available literature was reviewed and the Dauncey anthropo-
metric model, which includes skinfold thickness at two primary sites and nine body dimen-
sions, is considered in this review the best method to accurately determine body
composition in preterm infants, especially in resource-poor countries. It is imperative to accu-
rately assess the quality of growth and body composition of this fragile population in order to
determine whether currently prescribed nutritional interventions are beneficial to the overall
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nutritional status and quality of lifedin the short- and long-termdof the preterm infant, and
to enable timely implementation of appropriate interventions, if required.
Copyright ª 2017, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
1. Bibliographic search

The bibliographic search was performed electronically
using PubMed and SUNLearn databases as search engines.
The following keywords were used: “Air Displacement
Plethysmography (ADP) preterm infant”, “anthropometry
preterm infant”, “assessment of body composition preterm
infant”, “bioelectrical impedance preterm infant”, “body
composition preterm infant”, “compartment models body
composition”, “Dauncey anthropometric model preterm
infant”, “developing country body composition preterm
infant”, “DXA preterm infant”, “equipment body composi-
tion”, “formula feeds body composition preterm infant”,
“fortification of human breast milk”, “growth preterm in-
fant”, “Holtain calipers skinfolds preterm infant”, “human
breast milk body composition preterm infant”, “measuring
methods body composition”, “medication preterm infant
body composition”, “nutritional interventions preterm in-
fant”, “nutritional status preterm infant”, “resource-poor
setting body composition preterm infant”, “skinfold thick-
ness preterm infant”, “South Africa body composition pre-
term infant”, total parenteral nutrition body composition
preterm infant”, “zinc preterm infant body composition”,
and “zinc preterm infant growth”.

2. Introduction

According to an article in a 2012 edition of The Lancet, it
was estimated that in 2010 14.9 million babies worldwide
were born preterm, with this number rising. Fifty-two
percent of global livebirths occur in Sub-Saharan Africa
and South Asia, and of these 60% are born preterm. On
average, 12% and 9% of preterm infants are born in low-
income and higher-income countries respectively.1

There is an increasing interest in the relationship between
nutritional status during early infancy and childhood, and the
increased risk for adverse health effects as adults. Nutritional
care of preterm infants attempts to achieve growth rates
similar to the term infant in relation to size, anthropometry
and body composition at term equivalent age (TEA).2e5

However, it has been found that these infants generally
do not meet the required growth rates, resulting in growth
failure and adverse outcomes. Infants who experience rapid
catch-up growth develop an increased intra-abdominal
adiposity, resulting in an abnormal body composition.6

Preterm infants are not only shorter and lighter than term
infants, but have more FM and less FFM, resulting in a
higher total body fat percentage.7 These factors can in-
crease their risk of developing metabolic syndrome and
cardiovascular diseases in later life.6,8e12

A number of methods exist to determine body compo-
sition in the preterm infant. These methods range from
highly sophisticated, invasive and expensive to simple,
quick, non-invasive and inexpensive. They are used to
determine accurate measurements of anthropometric sta-
tus and body composition. Assessing the quality (fat and
muscle mass) of weight gain and growth in the preterm
infant is more important than assessing weight gain only,
even in a developing country where resources are limited.

Published research on nutritional interventions and the
effect thereof on preterm body composition is scarce.9,13

The purpose of this article is to review existing publica-
tions on body composition in the preterm infant with spe-
cial focus on different assessment methods and different
nutritional interventions. In addition, the effect of various
interventions on the short- and long-term overall growth
and body composition of these fragile infants will also be
considered.

3. Body composition in preterm infants

Limited literature exists on the assessment of preterm body
composition, with only a few studies focusing on the growth
and development of preterm infants.8,14 Research shows
that preterm infants should achieve extra-utero growth
rates in relation to size, anthropometry and body compo-
sition similar to the term infant still growing in utero.2e5

However, preterm infants generally do not meet these
growth rates resulting in growth failure and debilitating
outcomes.6,15 A systematic review and meta-analysis by
Johnson et al.13 confirmed this by comparing the FM, FFM
and total body fat percentage (TBF%) of preterm infants to
term equivalent age (TEA). The review concluded that in-
fants born preterm did not achieve the reference data for
either growth nor body composition at TEA.

The meta-analysis comprised eight studies, which
compared the body composition of appropriate for gesta-
tional age (AGA) preterm infants with a mean gestational
age of 30 weeks, to term infants. The study concluded that
the body composition of TEA preterm infants displayed
more similar FM and less FFM, resulting in a higher per-
centage TBF than infants born at term.5,13 These results
were supported by Giannı̀ et al.8 and showed that preterm
infants at TEA are not only shorter and lighter; they also
displayed more FM and less FFM when compared to refer-
ence data of term infants.2,12,15e17

3.1. The relation of body composition to growth in
preterm infants

Little research has been conducted on the changes in body
composition in preterm infants during the first few months
after birth. It is imperative to determine neonatal adiposity
as it can be used to predict morbidity during the first few
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months of life and thereafter.8,14 Preterm small for gesta-
tional age (SGA) infants who experience rapid catch-up
growth throughout infancy have shown to be at risk to
develop increased intra-abdominal adiposity, abnormal
body composition and an altered isolated decline in insulin
sensitivity. These factors increase their risk of developing
metabolic syndrome in later life.8,10e12 A recent study by
Simesk et al.18 concluded that preterm infants tend to have
a higher percentage TBF at TEA when compared to term
newborn infants. This may increase the chances of preterm
infants to develop cardiovascular problems in the future.6

Research confirms that weight loss in term and preterm
infants during the first week of life is common.4 However,
rather than focusing on weight gain only, neonatologists
and dietitians in the clinical setting need to know the body
composition of preterm infants to evaluate the treatment
progress and special nutritional care of these fragile in-
fants.19 Non-invasive and accurate measurements of the
preterm infant are valuable to assess the quality of
anthropometry and body composition, allowing the moni-
toring of nutritional requirements and the possible effect of
nutritional interventions on these components.7

3.2. Compartment models of body composition

Compartment models divide the body into different com-
partments, each containing distinctive components. These
models allow for the opportunity to develop new methods
of assessing unidentified components by using an identified
component.20 According to current literature, four main
compartment models are identified: 2-compartment (2-C),
3-compartment (3-C), 4-compartment (4-C) and 5-
compartment or multi-compartment models. Please refer
to Fig. 1. Each compartment model is an expansion on the
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Figure 1 Basic compartment model figure adapted from
more basic model. For example, the 3-C model is an
expansion on the 2-C model, the 4-C model is an expansion
on the 3-C model, and so on.

The most recent literature states that the 3-C model was
developed to decrease limitations when used on healthy
adults and children. Therefore, it is not suitable for use on
newborns, infants and subjects experiencing muscle
wastage or depleted bone mineral mass (BMM).20e23 The
generally accepted 5-C or multi-compartment model,
which requires a structural framework, was reviewed by
Ellis,24 who concluded that this method had become the
standard for body composition research.21,25 According to a
review by Lee and Gallagher,26 the 4-C model is the most
applicable and commonly used criteria method to assess
body composition in children. Their conclusion was based
on the fact that the 4-C model includes the Extra Cellular
Water (ECW) component that measures hydration status.
However, they do not disclose whether this method is
suitable for newborns and infants.

Compartment models are useful when one body
compartment has not or cannot be measured, but the
values of other compartments within the model are known.
Using simple arithmetic, the value of the unknown
compartment can be determined.

The compartment models are dependent on the
different body components for assessment or research, and
different types of measuring methods to assess body
composition are dependent on the number of compart-
ments assessed or researched.

3.3. Assessment of body composition

Basic non-invasive anthropometric measurements such as
weight, length and head circumference assess basic
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growth of the preterm infant. A need exists to accurately
assess relative components such as FM, FFM and the
quality of weight gain to predict body composition.9 Body
composition can predict short- and long-term adverse
outcomes, which are associated with altered fat deposi-
tion and a high TBF%.27 There are many different types of
equipment and measuring methods available to assess
body composition in the preterm infant. The equipment
and measuring methods range from simple, quick, non-
invasive, safe and inexpensive to complex, sophisticated
and expensive.

3.3.1. Skinfolds
Even though standard anthropometric assessment of pre-
term infants such as weight, length and head circumfer-
ence is easy to record in the clinical setting, it is not
appropriate for a full assessment of the nutritional status
and body composition of this population.13,18,19 Therefore,
more sophisticated methods to assess and measure the
body composition of these infants are suggested as a pri-
ority in early life.13

Performing Skinfold Thickness (SFT) measurements on
fragile preterm infants could perhaps be considered
controversial and invasive due to the size of the instru-
ment in comparison to the infant. In addition, the pos-
sibility exists of injuring the skin of the premature infant
when SFT measurements are taken, especially in the case
of an extremely low birth weight (ELBW) infant. However,
these measurements are useful, simple, inexpensive and
non-invasive to determine body composition in these in-
fants.18,28,29 Determining neonatal subcutaneous fat with
caliper SFT measurements allows for the evaluation of
the distribution of FM in specific areas of the body.30

Caution is advised when measuring SFT in infants with
immature, friable skin, as in the case of ELBW infants. In
such cases, conducting SFT measurements may not be
indicated.

Holtain calipers provide a common method to assess and
measure SFT in order to determine subcutaneous fat stores
in preterm infants, their term counterparts and child-
ren.18,30e35 However, SFT is notoriously influenced by the
hydration status of the preterm infant. In order to obtain
more precise body composition measurements it is recom-
mended to use additional sophisticated methods with
specialized technology.26

Dauncey et al.36 conducted a study to assess the TBF
in infants by using SFT at two sites (subscapular and tri-
ceps) in conjunction with nine other body dimensions.
The formula has been tentatively applied to infants up to
the GA of 40 weeks and for preterm infants. The
measurements needed for the dimensions include cir-
cumferences (head, chest, the abdomen at the umbilicus,
mid-upper arm, mid-thigh and mid-calf) and lengths
(upper arm, lower arm and crown-rump length). The
triceps and subscapular SFT measurements are used to
determine the amount of fat covering the limbs and trunk
respectively.36,37

3.3.2. Bioelectric impedance
Bioelectric Impedance Analysis (BIA) is described as a
method for assessing body composition by measuring the
impedance or resistance of the body. This is done by
passing a weak alternating electrical current at a fixed
frequency, usually 50 kHZZ, through the body.9 The
measure of impedance is directly and inversely propor-
tional to the volume of the conductor through which the
current flows. In the human body the conductor is the
total body water (TBW), as it is almost entirely found in
the lean body mass (LBM) and made up of water and
electrolytes, which are both excellent conductors.
Therefore, it can be used as an estimate to calculate FFM.
FM and bone are resistant to electrical current. In
conclusion, BIA measures the TBW, which provides for the
calculation of FM and FFM.38

At present, BIA has been identified as a method with
great potential value to assess body composition in preterm
infants.19 This method is inexpensive, simple, quick, safe,
portable and minimally invasive, as it does not involve the
removal of supportive ventilation and monitoring cords of
the preterm infant, or the removal of the infant from the
Neonatal Intensive Care Unit (NICU).5,9,19,26,38,39,29,40e42

However, conflicting results from Dung et al.19 suggested
that no research evidence confirmed the use of FFM pre-
diction equations in neonates using BIA.

3.3.3. Dual-energy X-ray Absorptiometry (DEXA) and Air
Displacement Plethysmography (ADP)
Specialized equipment, such as the common Dual-energy X-
ray Absorptiometry (DEXA)19 and gold standard Air
Displacement Plethysmography (ADP),14 is expensive to use
to assess body composition in preterm infants. These as-
sessments can be challenging to perform on preterm infants
as the DEXA method requires the infant to be removed from
the NICU and minimal movement from the infant is required
for accurate results.16,18,22,43 The ADP method, on the
other hand, requires the infant to be removed from the
incubator and placed in the PEA POD� machine for an
average of 2 min.18,44 Both apparatus are quick, safe and
non-invasive when used to determine body composition in
preterm infants, but do require immobilization of the
infant.19,45

Continuous assessment and monitoring of body compo-
sition by means of simple as well as sophisticated methods
are imperative to obtain accurate results in preterm in-
fants. According to the literature available, the best
method with which preterm body composition can be
assessed is the anthropometric model of Dauncey.29,36,37,46

This method is safe, inexpensive, quick, non-invasive and
can be conducted at the patient’s bedside.46 Little well-
documented research regarding preterm infants and body
composition exists, especially in the South African context.
With the above-mentioned measuring methods available,
valuable research can be done to investigate these fragile
populations. Please refer to Table 1: Summarizing the ad-
vantages and disadvantages of different techniques for
measuring body composition in preterm infants.

3.4. Interventions affecting body composition in
preterm infants

3.4.1. Nutritional interventions
Preterm infants require high recommended daily allow-
ances to help them achieve in utero growth rates.6,39 Due



Table 1 Summarizing the advantages and disadvantages of different techniques for measuring body composition in preterm
infants.

Technique Advantages Disadvantages

SFT and the Dauncey
anthropometric model

Evaluation of the distribution of FM in specific
areas of the body.
Simple, inexpensive and non-invasive and can
be done at the bedside.
Assess the quality of weight gain and indicates
a pattern of change over a time period.

Can be considered controversial and invasive
due to the size of the instrument in comparison
to the infant.
Influenced by the hydration status.

BIA Measures the TBW, which provides for the
calculation of FM and FFM.
Simple, inexpensive, quick, safe, portable and
minimally invasive. Does not require removal of
supportive ventilation and monitoring cords.

Dung et al.19 suggested that no research
evidence confirmed the use of FFM prediction
equations in neonates using BIA.

DEXA Quick, safe and non-invasive. Expensive.
Infant needs to be removed from the NICU.
Minimal movement from preterm infant to
ensure accurate readings.

ADP Golden standard.
Quick, safe and non-invasive.

Expensive.
Preterm infant is removed from the incubator
and placed in the PEA POD�.

ADP, Air Displacement Plethysmography; BIA, Bioelectrical Impedance; DEXA; Dual-energy X-ray Absorptiometry; FM, Fat Mass; FFM Fat-
Free Mass; NICU, Neonatal Intensive Care Unit; SFT, Skinfold Thickness; TBW, Total Body Water.
Conclusion: In a resource poor setting, the use of the Dauncey anthropometric model is one of the best methods to determine body
composition in the preterm infant in terms of FM and FFM as it is accurate, safe, inexpensive, non-invasive and can be performed at the
bedside.
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to the underdeveloped and immature systems of the pre-
term infant, growth failure is common. However, high
postnatal weight gain can also result in adverse outcomes in
the long term.6,9,10,15

Preterm infants, especially those born with a very low
birth weight (<1500 g), are challenging to feed due to the
high recommended daily allowance (RDA) of energy, pro-
tein and nutrients required to achieve in utero growth
rates. The European Society for Pediatric Gastroenterology,
Hepatology and Nutrition (ESPGHAN) recommends enteral
and parenteral energy intakes of 110e135 kcal/kg/day and
110e120 kcal/kg/day respectively and a protein intake of
3.5e4 g/kg/day. Growth failure in the preterm infant is
common, which can put these fragile infants at risk of poor
neurodevelopment, complications, detrimental effects and
adverse outcomes.2,4,9,10,47,48

It is suggested that rapid weight gain in the preterm
infant (which is associated with aggressive nutritional
management) can increase the risk of developing meta-
bolic disease and cardiovascular problems in later
life.6,9,10,15

Limited literature exists on nutritional interventions and
the effect thereof on the quality of growth and body
composition of the preterm infant.9 This is supported by a
meta-analysis of the detailed relationship between nutri-
tional interventions and body composition in preterm
infants.12

The primary nutritional interventions prescribed for
preterm infants include: human breast milk, supplemented
or fortified human breast milk, formula feed and total
parenteral nutrition. These are explained in more detail
below.
3.4.1.1. Human breast milk. Human breast milk is globally
accepted as the optimal nutritional intervention for infants
and preterm infants. Intake is associated with better neu-
rodevelopmental outcomes.49

Despite its benefits, human breast milk alone is consid-
ered inadequate to meet the preterm nutritional re-
quirements during early neonatal life, especially in infants
born with very low birth weight (VLBW), as it only provides
about 60% of the protein requirements when fed in
adequate amounts to obtain energy requirements in pre-
term infants. This is of concern as a low protein-energy
ratio can result in fat retention during growth.2,49 However,
Atkinson and Randall-Simpson16 were of the opinion that
this needed further investigation.
3.4.1.2. Fortification of human breast milk. Supple-
mentation of human breast milk with a fortifier (protein,
nutrients, vitamins and minerals) is common practice in
many NICUs to achieve nutritional requirements and
successive intrauterine growth rates in preterm infants,
while the benefits of human breast milk are continually
derived.49 A study comparing post-breastfeeding practices
and supplementation of breast milk with formula-feeding
practices after hospital discharge found that the
fortification of breast milk showed improvements in short-
term growth. However, there appears to be no benefit for
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long-term outcomes with regard to growth and body
composition.49 Furthermore, VLBW infants who received
fortified breast milk or formula feed, achieved
recommended intrauterine growth rates, but showed a
significant increase in adiposity, when assessed at TEA.17

3.4.1.3. Formula feeds. Often formula feeds are given to
infants when human breast milk is unavailable. Roggero
et al.7 studied the changes in body composition of 48
preterm infants with a birth weight of �1800 g and a GA
of �34 weeks. The infants received exclusive formula
feed on demand, from birth to discharge, and the
changes in body composition were studied in relation to
protein and energy intakes from term until 3 months
corrected age (CA). According to the results from this
study the high-protein intake was indirectly proportional
to the percentage FM and the high-energy intake had no
effect on the percentage FM. The study concluded that a
high-protein intake with an adequate energy supply
resulted in a lower weight gain but a higher percentage
LBM during the first month of CA.

3.4.1.4. Total parenteral nutrition. An evident gap in
literature exists regarding the effect of Total Parenteral
Nutrition (TPN) on the body composition of preterm in-
fants.47 For this reason, this area requires more research.

The various nutritional interventions all strive towards
similar outcomes for preterm infants. The most important
factor to consider when nutritional intervention is neces-
sary, is the energy-protein ratio of the preterm infant.
Research showed that a high protein nutritional inter-
vention resulted in preterm infants having a lower overall
weight gain but a higher LBM. This is beneficial to the
health of the preterm infant in the long term.2 Breast milk
is universally known as the most optimal feed for preterm
infants. However, it is also a known fact that the protein-
energy ratio is not achieved when preterm infants receive
solely breast milk.2 Therefore, fortification of breast milk
is necessary to achieve optimal growth rates. The type of
sector, such as hospitals in a developing country or
resource-poor setting, could have an influence on the type
of nutritional interventions prescribed for preterm in-
fants. This could in turn have an effect on the nutritional
status, body composition and future outcomes of preterm
infants.

3.4.2. Preterm infants: pharmacological interventions
A gap in investigatory literature exists regarding the effects
of certain medications commonly prescribed to preterm
infants on their body composition. These medications
include antenatal corticosteroids,50 surfactant,51 dopa-
mine, antibiotics,52 diuretics and micronutrient supple-
mentation. The TBF% in extremely preterm infants can be
as little as 1%. Infants and neonates have higher TBF% and
intracellular and extracellular water volumes when
compared to adults.53

Several nutritional intervention studies indicate that
zinc supplementation has a positive effect on linear growth
in preterm infants.54,55 A longitudinal, double-blind, ran-
domized clinical trial found higher mean values in total
body weight in the group that received supplementation.
However, no significant difference in FM was noted, which
could indicate a positive effect of zinc supplementation on
FFM.56 It is known that antenatal corticosteroids can in-
fluence an infant’s gestational size, increase postnatal
growth, impair muscle mass accretion and result in growth
failure, all of which are associated with changes in adult
body composition.50,57 A recent study by Simon et al.50

found that antenatal corticosteroid treatment had a sig-
nificant influence on the preterm infant’s body composition
at hospital discharge, resulting in preterm infants having a
greater FM and impaired FFM deposition in the neonatal
period. Postnatal glucocorticoid treatment has also been
known to increase protein breakdown in the preterm
infant.

4. Conclusion

A gap in published research regarding the relationship be-
tween preterm infants, nutritional and pharmacological
interventions and body composition exists,8,13,14 particu-
larly in a resource-poor setting as there is a definitive
nonentity regarding this.

There are many different types of factors with regards
to measuring techniques that can affect the assessment of
body composition in preterm infants. These factors include
equipment and techniques which range from simple, quick,
non-invasive, safe and inexpensive to complex, sophisti-
cated and expensive. The effect of nutritional in-
terventions on the body composition of preterm infants is
determined by and dependent on the protein-energy ratio
of the feed. Fortification of breast milk allows for ideal
achievement of protein-energy ratio as well as optimal
growth rates in the preterm infant, which could have an
effect on the body composition and nutritional status of
these infants.

Available literature confirms the use of the Dauncey
anthropometric model, which includes SFT at two primary
sites and nine body dimensions, as one of the best methods
to determine body composition in the preterm infant in
terms of FM and FFM. The use of this method to determine
body composition is accurate, safe, inexpensive, non-
invasive and can be performed at the bedside,29,36,37,46

which therefore does not excessively disturb these fragile
infants.36 Nonetheless, great care should still be taken
during SFT measurements on the preterm infant due to the
infant’s delicate skin and general fragility.

Accurate assessment of this population is imperative
when appropriate nutritional interventions are prescribed
to increase the quality of life for these fragile infants. Such
research could be important to researchers, neonatologists
and dietitians in a resource-poor setting, as it could allow
experts in the field to better understand the nutritional
status, body composition and growth of the preterm infant,
future outcomes and how to implement timely and appro-
priate interventions.
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Pérez-González JM. Gender differences in newborn subcu-
taneous fat distribution. Eur J Pediatr 2004;163:457e61.

32. Schmelzle HR, Fusch C. Body fat in neonates and young infants:
validation of skinfold thickness versus dual-energy X-ray ab-
sorptiometry. Am J Clin Nutr 2002;76:1096e100.

33. Farmer G. Neonatal skinfold thickness. Measurement and
interpretation at or near term. Arch Dis Child 1985;60:840e2.

34. Paul AA, Cole TJ, Ahmed EA, Whitehead RG. The need for
revised standards for skinfold thickness in infancy. Arch Dis
Child 1998;78:354e8.

35. Guida B, Pietrobelli A, Trio R, Laccetti R, Falconi C, Perrino NR,
et al. Body mass index and bioelectrical vector distribution in 8-
year-old children. Nutr Metab Cardiovasc Dis 2008;18:133e41.

36. Dauncey MJ, Gandy G, Gairdner D. Assessment of total body fat
in infancy from skinfold thickness measurements. Arch Dis
Child 1977;52:223e7.

37. Catalano PM, Thomas AJ, Avallone DA, Amini SB. Anthropo-
metric estimation of neonatal body composition. Am J Obstet
Gynecol 1995;173:1176e81.

38. Fosbøl MØ, Zerahn B. Contemporary methods of body composi-
tion measurement. Clin Physiol Funct Imaging 2015;35:81e97.

39. Rigo J, de Curtis M, Pieltain C. Nutritional assessment in pre-
term infants with special reference to body composition.
Semin Neonatol 2001;6:383e91.

40. Tang W, Ridout D, Modi N. Assessment of total body water
using bioelectrical impedance analysis in neonates receiving

http://refhub.elsevier.com/S1875-9572(16)30176-0/sref1
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref1
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref1
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref1
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref1
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref1
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref2
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref2
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref2
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref2
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref2
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref3
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref3
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref3
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref3
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref3
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref4
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref4
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref4
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref5
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref5
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref5
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref5
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref5
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref6
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref6
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref6
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref6
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref7
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref7
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref7
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref7
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref7
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref8
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref8
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref8
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref8
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref8
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref9
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref9
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref9
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref9
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref9
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref10
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref10
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref10
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref10
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref11
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref11
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref11
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref12
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref12
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref12
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref12
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref13
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref13
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref13
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref13
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref14
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref14
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref14
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref14
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref14
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref15
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref15
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref15
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref15
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref15
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref16
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref16
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref16
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref16
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref17
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref17
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref17
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref17
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref17
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref18
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref18
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref18
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref18
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref18
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref19
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref19
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref19
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref19
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref19
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref19
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref20
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref20
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref20
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref20
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref20
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref21
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref21
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref21
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref21
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref22
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref22
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref22
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref23
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref23
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref23
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref23
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref23
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref24
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref24
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref24
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref25
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref25
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref25
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref25
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref26
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref26
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref26
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref27
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref27
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref27
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref28
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref28
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref28
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref28
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref29
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref29
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref29
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref30
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref30
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref30
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref30
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref30
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref31
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref31
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref31
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref31
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref32
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref32
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref32
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref32
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref33
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref33
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref33
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref34
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref34
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref34
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref34
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref35
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref35
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref35
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref35
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref36
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref36
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref36
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref36
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref37
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref37
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref37
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref37
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref38
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref38
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref38
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref39
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref39
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref39
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref39
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref40
http://refhub.elsevier.com/S1875-9572(16)30176-0/sref40


128 K. Strydom et al
intensive care. Arch Dis Child Fetal Neonatal Ed 1997;77:
F123e6.

41. Lingwood BE, Storm van Leeuwen AM, Carberry AE,
Fitzgerald EC, Callaway LK, Colditz PB, et al. Prediction of fat-
free mass and percentage of body fat in neonates using
bioelectrical impedance analysis and anthropometric mea-
sures: validation against the PEA POD. Br J Nutr 2012;107:
1545e52.

42. Lingwood BE, Coghlan JP, Ward LC, Charles BG, Colditz PB.
Measurement of extracellular fluid volume in the neonate using
multiple frequency bio-impedance analysis. Physiol Meas 2000;
21:251e62.

43. Van de Lagemaat M, Rotteveel J, van Weissenbruch MM,
Lafeber HN. Small-for-gestational-age preterm-born infants
already have lower bone mass during early infancy. Bone 2012;
51:441e6.

44. Hull HR, Dinger MK, Knehans AW, Thompson DM, Fields DA.
Impact of maternal body mass index on neonate birthweight
and body composition. Am J Obstet Gynecol 2008;198:416.

45. Urlando A, Dempster P, Aitkens S. A new air displacement
plethysmograph for the measurement of body composition in
infants. Pediatr Res 2003;53:486e92.

46. De Beer M, Timmers T, Weijs PJM, Gemke RJBJ. Validation of
total body water analysis by bioelectrical impedance analysis
with deuterium dilution in (pre)school children. Eur J Clin Nutr
Metab 2011;6:223e6.

47. Dinerstein A, Nieto RM, Solana CL, Perez GP, Otheguy LE,
Larguia AM. Early and aggressive nutritional strategy (paren-
teral and enteral) decreases postnatal growth failure in very
low birth weight infants. J Perinatol 2006;26:436e42.

48. Ahrabi AF, Schanler RJ. Human milk is the only milk for premies
in the NICU! Early Hum Dev 2013;89:S51e3.
49. Wauben IP, Atkinson SA, Shah JK, Paes B. Growth and body
composition of preterm infants: influence of nutrient fortifi-
cation of mother’s milk in hospital and breastfeeding post-
hospital discharge. Acta Paediatr 1998;87:780e5.

50. Simon L, Frondas-Chauty A, Senterre T, Flamant C, Darmaun D,
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