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ABSTRACT Aim of the study was to explore the lean body mass (LBM%) and fat mass (FM%) percent of weaning
age children from among the urban poor in Kolkata, India. We used a cross sectional study design. A convenience
sample of apparently healthy infants aged 6 month to 24 month were evaluated for LBM% derived by an
anthropometry based and a Bioelectrical Impedance analysis (BIA) based equations, validated earlier on a sample of
weaning age infants from this study population. Four hundred children (200 boys and 200 girls) from among the urban
poor participated in this study. We measured their length to the nearest 0.1 cm and weight to the nearest 10 gm. Total
body resistance was measured by a multifrequency BIA at 50 KHz. The calculated mean LBM% were 85.21 and 81.62
by anthropometry equation and, 82.72 and 82.56 by BIA equation in boys and girls respectively. LBM% values were
considerably higher for both boys and girls compared to reference data on infants from USA. Based on weight for
length, weight for age, length for age SD-scores stunting (21% boys, 11% girls), underweight (32.5% boys, 25.5%
girls) and wasting (17% boys, 13.5% girls) were present using <-2 SD score as cut off for each. The LBM% was
consistently higher in these infants aged 6 to 24 month compared to reference data on well infants in the West.
Significantly higher proportion of boys had severe wasting than girls in weaning age infants in India.

INTRODUCTION

A very rapid postnatal growth occurs in
infancy and is accompanied by major changes in
body composition. Knowledge of these changes
in body composition in infants is useful in
understanding the nutritional needs and
functional outcome of nutritional management for
healthy and sick infants (Koo 2000). Recent
studies have generated new interest on the
relationship between early nutrition and the future
health of humans (Barker 2008). Both poor growth
during early life and a large weight gain during
infancy have been associated with disorders in
adulthood. Repeated and accurate assessment
of body composition during infancy enables us
to determine the composition of the weight gained
over time and provides key information for
evaluating nutritional requirements, the efficacy
of diet and medical interventions, and the
influence of chronic diseases (Olhager et al. 2003).

Studies on how the state of nutrition interacts
with the process of growth and the composition
of incremental weight during early life in humans
are important.

The two-compartment molecular level model
in which body weight is divided into FM and
LBM is the most widely used model in adults.
The two widely used two-compartment models
are based on the assumption that LBM has
constant density and hydration. Although the
LBM density and hydration are considered to be
constant in healthy adults, they are not constant
in infants and young children. Butte et al. (2000)
reported a study designed to provide reference
body composition estimates in infants and young
children by using multi-component models. Butte
et al. (2000) derived values for the hydration,
density and potassium content of LBM in infants
and young children. This pediatric modeling
approach extends earlier pediatric models reported
by Fomon et al. (1982).

Cadaver analysis being the gold standard for
body composition analysis, no in vivo method
can meet the highest standard of accuracy.
Techniques for body composition such as
underwater weighing are not feasible in infants
and young children. Use of methods that involve
any degree of radiation (e.g. DEXA radioactive
tracers) is also not desirable for infants and small
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children. We have earlier used a stable isotope
dilution technique as the reference standard to
evaluate published equations for measuring total
body water (TBW) based on anthropometry and
on bioelectrical impedance analysis (BIA).
Isotope dilution methods use a two component
model to measure LBM and FM and are generally
safe, reliable, accurate and feasible in infants and
children. While they can be used in clinic and field
setting, expense and expertise limits such use.
Measurement of TBW with isotope dilution
method has been used as a reference method in
many of the classical studies of body composition
(Fomon et al. 1982; Haschke et al. 1981; Forbes
1987; Fomon et al. 2002). To derive LBM from TBW
one has to use age and sex specific hydration factor
for LBM derived by multicomponent models (Butte
et al. 2000; Fomon et al. 1982). While the hydration
of LBM changes with age and maturation, use of
age and sex specific hydration factors largely
avoids errors associated with maturation (Cameron
2004). As stated earlier, Butte et al. (2000) have
recently provided reference data for hydration
factor for ages 15 days to 24 months by using an
ambitious multicomponent model that provides age
and sex specific reference hydration factors for
LBM along with their confidence intervals. Their
reference data now allows use of 2 component
models using a stable isotope like D

2
O in infants

and young children with considerably more
confidence.

Measuring FFM or LBM in infants and
children is of both scientific and public health
interest. Recent findings on the relationship
between IUGR and diseases in adults such as
hypertension, type II diabetes, and CHD
generated renewed interest in studying the
developmental indicators of infants and young
children (Barker 1995, 1999, 2001; Eriksson et al.
2003). Further, it has been shown that more rapid
postnatal growth (catch-up growth) in infants
born with IUGR plays an important role on the
risk of these adult diseases (Barker et al. 1993;
Eriksson et al. 1999; Lucas 1991; Singhal and
Lucas 2004). In the present study we have
measured the LBM in 6 months to 2 years old
urban infants and children from low socio-eco-
nomic group using anthropometry and Bio-
electrical impedance analysis (BIA) equations
validated earlier (Sen et al. 2009; Sen et al. 2009
unpublished) for this population and inves-
tigated the pattern of percentage LBM (LBM%)
in boys and girls. We have earlier evaluated

published equations based on anthropometry
and BIA for children using D

2
O dilution as

reference method on infants and children in West
Bengal (Sen et al. 2009; Sen et al. 2009 Unpub-
lished). We have found that two equations, one
based on anthropometry (i.e. of Morgenstern et
al. 2002) and the other based on BIA (i.e. of Fjeld
et al. 1990) are suitable for use in our study
children.

In this paper we have explored the changes in
LBM during the weaning period of infants and
children from among the urban poor families. We
have also compared the differences if any for LBM
between boys and girls at such an early age of
development.

METHODOLOGY

Subjects and Methods: The study was
conducted in apparently 400 healthy children (200
boys and 200 girls) from among the urban poor
attending an immunization clinic of a large
charitable government hospital in the city of
Kolkata. The hospital service is provided free.
The eligibility criteria for inclusion in the study
were, age 6 to 24 months of either sex, absence of
any reported illness during the preceding one
month, absence of gross congenital anomalies
and chronic diseases and parents willing to
participate. The socio-economic and demo-
graphic features of the families are given in table
1. These children were from low socio-economic
status and records on birth weight and gestation
were not available for consideration. Written
informed consent was obtained from the parents
and the study was approved by the ethical review
committee of the society for Applied Studies,
Kolkata, India.

Sample Size: We calculated sample size to
evaluate the difference in LBM% between boys
and girls. Based on our earlier studies we wished

Table 1:  Socioeconomic status of the families

Variables Number (%)

House with cement floor, wall & roof 62 (15.2%)
Lives and cooks in one room 271 (68%)
family income per month(median) Rs. 2000/-
Currently breast fed 358 (89.5%)
Mothers education
Illiterate 75 (18.75%)
1-5 years of school 298 (74.5%)
6-10 years of school 27 (6.75%)
>10 years of school 0
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to detect a difference of 2% in LBM% with a
standard deviation of 5 between boys and girls
with 95% confidence and 80% power. The
estimated sample size of each group is 100. To
detect a difference of 1.75% in TBW with the same
assumptions the sample size is 131 in each group
(The total would be 262). To detect a difference in
LBM% of 1.5% with a standard deviation of 5
with the same assumptions we need a sample of
176 in each group. To allow for withdrawal of
consent during the study we decided to recruit
200 boys and 200 girls for this study.

Anthropometric Measurements: All mea-
surements were taken in the morning. The anthro-
pometric measurements were made using reco-
mmended protocols (Lohman et al. 1988; Cameron
2004) and are briefly described.

Length: Recumbent length was measured
with a wooden measuring board as described
earlier (Shaikh et al. 2002). The board was made
sufficiently broad to cover the shoulder blades.
The reading was taken to the nearest 0.1cm.

Weight: Weight was measured nude, using
an electronic platform balance with a precision of
10gm. The balance was checked regularly for
accuracy using standard weights.

We used the anthropometry based best fitted
equation by Morgenstern et al. (2002). They are:

For Boys: TBW(kg) = 0.0846 × (L×W)0.65 ...(1)
For Girls: TBW(kg) =0.0846 × 0.95 × (L×W)0.65

..........................................................................(2)
Where L= length in cm, W= weight in kg.

These equations were derived from studies on
the US subjects and aged 3 months to 13 years.

The LBM was calculated as TBW divided by
an age-and sex-specific hydration factor for LBM
(Butte et al. 2000).

BIA Method: BIA measures impedance of the
body to a small electric current. The generic
theoretical model treats the body as a single
cylinder, with measurements made between
electrodes placed manually on the wrist and ankle.
Adjustment of bioelectrical data for height allows
estimation of TBW. In our study, impedance was
measured with a multi-frequency bioelectrical
impedance analyzer (Xitron model 4000b; Xitrons
technologies Inc. San Diego, USA) using a single
frequency of 50 kHz. Children with dry light
clothes lay supine (Deurenberg et al. 1988;
Deurenberg et al. 1889) with arms apart from the
body and legs separated so that the thighs did
not touch. After cleaning the skin contact area
with alcohol, one pair of electrodes (foil

disposable 5 cm2 ECG electrodes) was placed on
the dorsal surfaces of the right hand at the distal
metacarpal joints and between the distal
prominence of the right radius and ulna. Another
pair was placed at the distal metatarsal joints and
between the lateral malleoli of the right foot.
Resistance (R) value was recorded and used to
calculate the total body water (TBW) using the
following equation (Fjeld et al. 1990)

TBW(kg) = 0.76 + 0.18×(L^2/R)+0.39×W  (3)
Where L= length in cm and W= weight in kg

and R is resistance at 50 KHz.
The LBM was calculated as TBW divided by

an age-and sex-specific hydration factor for LBM
(Butte et al. 2000).

This equation was derived from studies on
Peruvian children aged 3-30 months.

Statistical Analysis: Statistical programs Epi
InfoTM (CDC, Atlanta, USA, Epi 1994) and StataTM

version 7.0 (Stata Corporation, 4905 Lakeway
Drive, College Station, TX 77845, USA) were used
(Dibley 1987; Stata 1985). For anthropometric data,
a software package based on the NCHS data base
as provided with the Epi Info software was used.
These anthropometric calculations were based
on the growth reference curves developed by the
NCHS and CDC using data from the Fels Research
Institute and US Health Examination Surveys
(WHO 1986). These growth curves are reco-
mmended by the World Health Organization
(WHO) for international use. Data entry and
editing were done using Epi Info Version-6 in a
desktop computer. Statistical analysis was done
using Stata Version-7. Means were compared
using t-test and proportions were compared using
chi-squared test. Regression models were used
for adjusted analysis. Box-plots and trend lines
were used to understand trends and associations.

RESULTS

The age distribution was similar between boys
and girls. However, the proportion of boys in the
age group of 6-9 months tended to be higher
(p=0.092). A larger proportion of boys had weight
for height SD score <-2 (p=0.006) suggesting that
the boys are more wasted (Table 2). A similar trend
is noted for weight for age, the proportion with <-
2SD score being higher in boys (p=0.12); similarly
for height for age the proportion with <-2SD score
showed a trend of being higher in boys (p=0.33).

LBM% are generally very high compared to
reference data for infants in USA (Fig. 1). We have
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compared the LBM% of the boys with the girls
derived by the two equations based on
anthropometry and BIA (Table 3). LBM% derived
by the anthropometry equation is higher for boys
(p<0.001). But for the BIA equation, this difference

is very small and not significant. The trend lines
in Figure 1 also illustrate this point.

Based on the anthropometry equation the lean
body mass percent increased with increasing age
in boys (Fig. 2a, p<0.001, ANOVA). However,

Characters Boys (n=200) Girls (n=200) p-value
Mean or number, SD Mean or number, SD

Age(month) 12.64, 5.16 13.35, 5.09 0.167
6-9 month 77 (38.5%) 61(30.5%) 0.092*

>9-12 month 38 (19%) 42 (21%)
>12-18 month 49 (24.5%) 59 (29.5%)
>18-24 month 36 (18%) 38 (19%)
Length (cm) 73.87, 5.71 73.37, 6.19 0.401
Weight (kg) 8.10, 1.41 7.82, 1.48 0.057
Resistance 757.61, 86.91 798.75, 76.64 <0.001
1WHZ -1.10, 1.07 -0.97, 0.92 0.219
WHZ <-2 42 (21%) 22 (11%) 0.006*

WHZ >=-2 and <-1 70 (35%) 82 (41%)
WHZ >=-1 88 (44%) 96 (48%)
2WAZ -1.47, 1.10 -1.34, 1.10 0.236
WAZ <-2 65 (32.5%) 51 (25.5%) 0.12*

WAZ >=-2 and <-1 73 (36.5%) 82 (41%)
WAZ >=-1 62 (31%) 67 (33.5%)
3HAZ -0.98, 1.15 -0.83, 1.40 0.228
HAZ <-2 34 (17%) 27 (13.5%) 0.33*

HAZ >= -2 and <-1 60 (30%) 67 (33.5%)
HAZ >= -1 106 (53%) 106 (53%)

Table 2: Characteristics of subjects:

1WHZ, 2WAZ, 3HAZ are weight for height, weight for age and height for age standard deviation scores respectively
compared to National Center for Health Statistics (NCHS) reference.
* Chi-square test

Fig. 1. Individual data points for LBM percent derived by the best fitted equations,  (a) anthropometry
based equation (Morgenstern et al. 2002) and (b) BIA based equation (Fjeld et al. 1990) are plotted
against age in months. Age- and sex-specific reference values of LBM percent in healthy American
infants derived by multicomponent models (Butte et al. 2000) are plotted for comparison (data points are
connected). Boys (×), Girls (▲), boys ( , Butte et al. 2000), girls ( , Butte et al. 2000). Trend lines for LBM
percent in boys and girls are shown.
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based on the BIA equation this trend was not
seen (Fig. 2b, p=0.09, ANOVA). In girls also the
LBM% consistently increased (p<0.001, ANOVA)
when we used the anthropometry equation (Fig.
2c). But using BIA equation there is a significant
nonlinear relationship (Fig. 2d, p= 0.001, ANOVA).
The LBM% increased upto 12 months, then

formed a plateau till 18 months. After 18 months
of age LBM% decreased.

The conventional way to assess wasting or
thinness is to compare weight for height with the
reference data of the same age and sex. This is
usually expressed as weight for height SD score
or percentile. We compared the LBM% derived

Table 3: The mean and SD of LBM% of body weight derived by the two equations

Methods Boys (n=200) Girls (n=200) P-Value
Mean or number, SD Mean or number, SD

Anthropometry 85.21, 3.53 81.62, 2.93 <0.001
(Morgenstern et al. 2002)
BIA (Fjeld et al. 1990) 82.72, 3.18 82.56, 2.57 0.941

Fig. 2. Box plots of LBM% derived by the anthropometry based (Morgenstern et al. 2002) and BIA based
(Fjeld et al. 1990) equations by age groups in boys (2a, 2b) and girls (2c, 2d) are shown. The age groups
are, 6 to 9 month =1(boys: 44, girls: 36), >9 to 12 month =2 (boys: 65, girls: 54), 12 to 18 month =3 (boys:
47, girls: 58), >18 to 24 month =4 (Boys: 44, girls: 52). The line in the middle of the box represents the
median. The box extends from the 25th percentile to 75th percentile. The lines emerging from the box are
upper or lower adjacent rules which extend ± 1.5 times the interquartile range.
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by anthropometry and BIA equations of boys
and girls according to weight for height SD
scores (Table 3). The 4 categories of increasing
weight for height SD-score (WHZ) we used were
WHZ <-2 =1, WHZ >-2 to < -1 =2, WHZ >-1 to <0
=3 and WHZ >0 =4 (Fig. 3, p<0.001, ANOVA).
The LBM% derived by both anthropometry and
BIA equations consistently decreased and
therefore FM% increased with increasing weight
for height SD-score.

DISCUSSION

The LBM% derived by validated equations
based on anthropometry as well as on BIA is
consistent with the conventional method of

assessing leanness such as weight for height
standard deviation scores. Using either method
lean body mass percent was inversely
proportional to weight for height Z-score. Higher
the LBM% lower is the FM% and more wasted
the child is.

LBM% derived by both BIA based and
anthropometry based equations are substantially
higher in these children than the reference
children from USA (Fig. 1). This reflects the
presence and the magnitude of wasting in these
infants and suggests inadequate nutrition in the
weaning period. It is of interest to note that the
vast majority of them are breastfed and mothers
traditionally breastfeed them for longer periods.
However, the energy density and protein content

Fig. 3. Box plots of LBM% derived by the anthropometry based (Morgenstern et al. 2002) and BIA based
(Fjeld et al. 1990) equations by weight for height Z-score (WHZ) groups in boys (3a,3b) and girls (3c,3d)
are shown. The WHZ groups are, WHZ<-2 =1(boys: 42, girls: 22), WHZ≥-2 to <-1 = 2 (boys: 70, girls: 82),
WHZ≥-1 to <0= 3 (boys: 55, girls: 69) and WHZ≥0 = 4 (boys: 33, girls: 27). The line in the middle of the
box represents the median. The box extends from the 25th percentile to 75th percentile. The lines emerging
from the box are upper or lower adjacent rules which extend ± 1.5 times the interquartile range.
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of the traditional weaning food are known to be
low and the degree of wasting may largely reflect
this feeding practice. Mothers from low-middle
socioeconomic strata breastfeed their children and
prolonged breast feeding into the 2nd year of life
is very common.

The changes in LBM% with increasing age
produced inconsistent results by the two
methods. Using the anthropometry based
equation the LBM% increased with age both in
boys and girls, albeit at a lower rate in girls.
However, the LBM% derived by the BIA equation
did not show this consistent trend.

Generic problem with equations based on
length/height and weight is that they do not
distinguish fat and lean masses. In most children
with obesity increase in FM is also associated
with increase in LBM albeit at a lesser rate.
Because of this relationship the equations based
on height and weight are able to predict the LBM
with reasonable confidence. Body mass index
(BMI, calculated as an index of relative weight) is
often expressed as a standard deviation score to
take into account age and sex in children. Al-
though correlated with fat percent (largely be-
cause both LBM and FM increase in obesity),
BMI cannot distinguish fat and lean masses, and
there is a twofold range of variation in fatness for
a given BMI value in individual children (Wells
2000).

The theoretical basis of bioelectrical impe-
dance analysis indicates that it is well suited to
assess TBW (Lancet 1992). The method is based
on the phenomenon that only water (containing
electrolytes) in the human body can conduct elec-
tricity. Fat is relatively devoid of water and res-
tricts the flow of current through it. At any given
current frequency the impedance of a cylindrical
body system is a function of its length and cross
sectional area. Nyboer (1972) developed the
theoretical relation which is as follows:

V α L2 /Z
Where V is volume of the body water in the

subject, Z is impedance, and L is the length of the
subject.

Impedance to the flow of current in body
tissues is a function of resistance (R) and
reactance (Xc). Cell membranes act as small
capacitors and thus offer a reactive resistance
(i.e. reactance) to the flow of current. Based on
electrical theory, current at relatively higher
frequencies passes through both extracellular and
intracellular fluid and can provide an index of

TBW. Thus, BIA method can distinguish between
non-fat body mass (LBM) and fat mass (FM)
(Tang 997). Of the two anthropometry based and
three BIA based equations was evaluated by us
the one by Morgenstern et al. (2002) based on
Anthropometry and the other by Fjeld et al. (1990)
based on BIA were found to give the best
prediction of TBW compared to the reference
method (Sen et al. 2009). Butte et al. (2000) have
recently provided reference data on the body
composition of children aged 0.5 to 24 months
from the USA. As expected the LBM% is con-
sistently higher in the study infants (coming from
low socio-economic group families) compared to
those in USA (Sen et al. 2009).

To derive LBM, one has to use age- and sex-
specific hydration factors such as the ones
derived by multicomponent models (Butte et al.
2000; Ziegler et al. 1976). While the hydration of
LBM changes with age and maturation, use of
age and sex specific hydration factor largely
minimizes errors associated with maturation. For
this age group the hydration factor for LBM
ranged from 80.7 to 77.0 for boys and 80.7 to 78.0
for girls (Butte et al. 2000).

Based on skin-fold measurement, Yajnik et al.
(2003) have shown that Indian babies are not only
small at birth they also have less muscle mass and
relatively more fat mass, the so called ‘thin fat
baby’ syndrome (Yajnik et al. 2002, 2003). They
further showed that thin fat babies grow up to
become thin fat adults with thinner limbs and high
waist-hip ratio; they appear to be foetally
programmed and predisposed to diabetes. He also
showed that the smallness and thinness of Indian
babies is present at birth and an unusual thin-fat
body composition is associated with the insulin
resistance syndrome (Yajnik 2004). The conven-
tional weight for height indices and BMI per-centile
are likely to be inadequate to understand the
growth and development of LBM. On the other
hand BIA measurements relate best with TBW, a
good proxy for LBM in a steady state condition.

These published equations should go a  long
way in fulfilling the need for in-depth studies to
understand the early origin (i.e. fetal, neonatal
and early childhood) of adult diseases of great
pubic health importance such as, diabetes,
hypertension, coronary heart disease.

CONCLUSION

While the degree of wasting as indicated by
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anthropometric indices increases with increasing
age in weaning age infants among the urban poor
in India, a more direct measure of lean body mass
percent derived by BIA does not show this phe-
nomenon. Prolonged and predominant breast-
feeding may play a role in modifying the adverse
effect of inadequate weaning food. The body
composition changes in the weaning age infants
in this population should be studied further by
using methods relatively independent of anthro-
pometry such as, BIA.

ACKNOWLEDGEMENTS

We thank Md. Jakir Hossain for statistical
assistance. The study was supported by Society
for Applied Studies Trust.

REFERENCES

Anonymous 1992. Bioelectrical impedance and body
composition. [editorial] Lancet, 340: 1511.

Barker DJ 1995. Fetal origins of coronary heart disease.
BMJ, 311(6998): 171-174.

Barker DJ 1999. The long-term outcome of retarded
fetal growth. Schweiz Med Wochenschr, 129(5): 189-
196.

Barker DJ 2001. A new model for the origins of chronic
disease. Med Health Care Philos, 4(1): 31-35.

Barker DJ 2008. Human Growth and Cardiovascular
Disease. In: DJ Barker, RL Bergmann, PL Ogra
(Eds.): The Window of Opportunity: Pre-Pregnancy
to 24 Months of Age. Nestle Nutr Workshop Ser
Pediatr Program, 61: 21-38.

Barker DJ, Gluckman PD, Godfrey KM, Harding JE,
Owens JA, Robinson JS 1993. Fetal nutrition and
cardiovascular disease in adult life. Lancet,
341(8850): 938-941.

Butte NF, Hopkinson JM, Wong WW, Smith EO, Ellis
KJ 2000. Body composition during the first 2 years
of life: an updated reference. Pediatr Res, 47(5):
578-585.

Cameron N 2004. Measuring growth. In: RC Hauspie, N
Cameron, L Molinari (Eds.): Methods in Human
Growth Research. U.K: Cambridge, P. 68.

Deurenberg P, Weststrate JA, Paymans I, van der Kooy
K 1988. Factors affecting bioelectrical impedance
measurements in humans. Eur J Clin Nutr, 42(12):
1017-1022.

Deurenberg P, van der  Kooy K, Leenen R, Schouten FJ
1989. Body impedance is largely dependent on the
intra- and extra-cellular water distribution. Eur J
Clin Nutr, 43(12): 845-853.

Dibley MJ, Goldsby JB, Staehling NW, Trowbridge FL 1987.
Development of normalized curves for the inter-
national growth reference: historical and technical
considerations. Am J Clin Nutr, 46(5): 736-748.

Epi InfoTM 1994. A Word Processing, Data Base and
Statistics Program for Epidemiology on Micro-
computers. Atlanta, Georgia, USA: Centers for
Disease Control and Prevention.

Eriksson JG, Forsen T, Tuomilehto J, Osmond C, Barker
DJ 2003. Early adiposity rebound in childhood and
risk of Type-2 diabetes in adult life. Diabetologia,
46(12): 190-194.

Eriksson JG, Forsen T, Tuomilehto J, Winter PD,
Osmond C, Barker DJ 1999. Catch-up growth in
childhood and death from coronary heart disease:
longitudinal study. BMJ, 318(7181): 427-431.

Fjeld CR, Freundt- Thurne J, Schoeller DA 1990. Total
body water measured by 18O dilution and bioelectrical
impedance in well and malnourished children. Pediatr
Res, 27(1): 98-102.

Fomon SJ, Haschke F, Ziegler EE, Nelson SE 1982. Body
composition of reference children from birth to age
10 years. Am J Clin Nutr, 35(5): 1169-1175.

Fomon SJ, Nelson SE 2002. Body composition of the
male and female reference infants. Annu Rev of Nutr,
22: 1-17.

Forbes G 1987. Human Body Composition: Growth,
Aging, Nutrition and Activity. New York: Springer-
Verlag.

Haschke F, Fomon SJ, Ziegler EE 1981. Body composition
of a nine-year-old reference boy. Pediatr Res, 15(5):
847-849.

Koo WW 2000. Body composition measurements during
infancy. Ann N Y Acad Sci, 904: 383-392.

Lohman TG, Roche AF, Martorell R 1988. Anthro-
pometric Standarization Reference Mannul.
Chicago: Human Kinetics Books.

Lucas A 1991. Programming by early nutrition in man.
Ciba Found Symp, 156: 38-50.

Morgenstern BZ, Mahoney DW, Warady BA 2002.
Estimating total body water in children on the basis
of height and weight: a reevaluation of the formulas
of Mellits and Cheek. J Am Soc Nephrol, 13(7):
1884-1888.

Nyboer J 1972. Workable volume and flow concepts of
bio-segments by electrical impedance plethysmo-
graphy. TIT J Life Sci, 2(1): 1-13.

Olhager E, Forsum E 2003. Total energy expenditure,
body composition and weight gain in moderately
preterm and full term infants at term postconcep-
tional age. Acta Paediatr, 92(11): 1327-1334.

Sen B, Mahalanabis D, Shaikh S, Kurpad AV, Bose K
2009. Evaluation of equations for fat- free mass
based on anthropometry in infants and young
children in South Asia. Br J Nutr, 101: 551-557.

Shaikh S, Mahalanabis D, Kurpad AV, Khaled MA 2002.
Validation of an anthropomeric equation and
bioelectrical impedance analysis (BIA) technique to
measure body composition of children in India using
D

2
O dilution method. Nutr Res, 22: 685-694.

Singhal A, Lucas A 2004. Early origins of cardiovascular
disease: is there a unifying hypothesis? Lancet,
363(9421): 1642-1645.

Stata Version 7 1985-2001, by Stata Corporation, Stata
Press, 4905 Lakeway Drive, College Station, Texas,
USA; 77845.

Tang W, Ridout D, Modi N 1997. Assessment of total
body water using bioelectrical impedance analysis in
neonates receiving intensive care. Arch Dis Child
Fetal Neonatal Ed, 77(2), F123-F126.

Wells JC 2000. A Hattori chart analysis of body mass
index in infants and children. Int J Obes Relat Metab
Disord, 24(3): 325-329.



35SEX-WISE VARIATION IN LEAN BODY MASS

WHO working group 1986. Use and interpretation of
anthropometric indications of nutritional status. Bull
WHO, 64: 929-941.

Yajnik CS 2004. Early life origins of insulin resistance
and type 2 diabetes in India and other Asian countries.
J Nutr, 134(1): 205-210.

Yajnik CS, Fall CH, Coyaji KJ, Hirve SS, Rao S, Barkar
DJ, Joglekar C, Kellingray S 2003. Neonatal
anthropometry: the thin-fat Indian baby. The Pune

Maternal Nutrition Study. Int J Obes Relat Metab
Disord, 27(2): 173-180.

Yajnik CS, Lubree HG, Rege SS, Naik SS, Deshpande JA,
Deshpande SS, Joglekar CV, Yudkin JS 2002. Adiposity
and Hyperinsulinemia in Indians are present at birth.
J Clin Endocrinol Metab, 87(12): 5575-5580.

Ziegler EE, O’Donnell AM, Nelson SE, Fomon SJ 1976.
Body composition of the reference fetus. Growth,
40: 329-341.


