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ABSTRACT

Properties of bioelectrical impedance analysis (BIA) reflect body-composition and may serve as stand-alone
indicators of maternal health. Despite these potential roles, BIA properties during pregnancy and lactation
in rural South Asian women have not been described previously, although pregnancy and infant health
outcomes are often compromised. This paper reports the BIA properties among a large sample of pregnant
and postpartum women of rural Bangladesh, aged 12-46 years, participating in a substudy of a community-
based, placebo-controlled trial of vitamin A or beta-carotene supplementation. Anthropometry and single
frequency (50 kHz) BIA were assessed in 1,435 women during the first trimester (<12 weeks gestation),
in 1,237 women during the third trimester (32-36 weeks gestation), and in 1,141 women at 12-18 weeks
postpartum. Resistance and reactance were recorded, and impedance and phase angle were calculated.
Data were examined cross-sectionally to maximize sample-size at each timepoint, and the factors relating
to BIA properties were explored. Women were typically young, primiparous and lacking formal education
(22.246.3 years old, 42.2% primiparous, and 39.7% unschooled among the first trimester participants).
Weight (kg), resistance (1), and reactance (Q2) were 42.1+5.7, 688177, and 73£12 in the first trimester;
47.745.9, 646x77, and 64+12 in the third trimester; and 42.7+5.6, 699179, and 72+12 postpartum respec-
tively. Resistance declined with age and increased with body mass index. Resistance was higher than that
observed in other, non-Asian pregnant populations, likely reflecting considerably smaller body-volume
among Bangladeshi women. Resistance and reactance decreased in advanced stage of pregnancy as the rate
of gain in weight increased, returning to the first trimester values by the three months postpartum. Norma-
tive distributions of BIA properties are presented for rural Bangladeshi women across a reproductive cycle
that may be related to pregnancy outcomes and ultimately be used for assessing body-composition in
this population.
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INTRODUCTION

Bioelectrical impedance analysis (BIA) is widely
used in evaluating body-composition in epidemi-
ological studies and clinical settings (1-4), usually
by applying measures of resistance or impedance
to population-specific, predictive equations for
estimating total body-water (TBW), fat-free mass
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(FFM), and fat mass. Such equations have primarily
been derived within well-nourished populations
in developed-country settings (5-9). Application of
BIA to determine body-composition in undernour-
ished populations has been less common.

In South Asia, equations exist for predicting TBW
in children aged 6-12 months (10) and school-
age pre-adolescent Indian children (11,12) and fat
mass in Indian men (13). The use of BIA for body-
composition among South Asian women has been
largely confined to groups of immigrants in other
countries (5,14). Even fewer data are available des-
cribing BIA properties during pregnancy or lacta-
tion in any South Asian populations, possibly due
to uncertainty of the value of BIA in assessing the
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health or nutritional status in the absence of popu-
lation-specific equations for body-composition
(14). Additionally, complex relationships between
intra- and extra-cellular water and foetal and ma-
ternal nutrition and body mass compartments
challenge the validity of BIA for estimating body-
composition during pregnancy (15-17). Population
studies of BIA, on the other hand, are emerging that
describe distributions of resistance (R), reactance
(Xc), and impedance (Z) in normal pregnancy in
developed countries and reveal their potential to
reflect risk of pregnancy-related complications. In
Italian mothers, for example, Ghezzi et al. found
that second trimester BIA indices were predictive of
birthweight (17).

Maternal BIA could be particularly useful in South
Asia where malnutrition and adverse pregnancy
outcomes, including intrauterine growth retarda-
tion and preterm birth, are prevalent (18). Inves-
tigating relationships of pregnancy and health
outcomes directly with BIA properties eliminates
the need to derive estimates of body-composition.
Further, BIA data obtained in large population
studies could improve the understanding of the
public-health use of BIA, especially where predic-
tive equations based on sophisticated methods of
body-composition measurement are unavailable.

The present study was designed to generate and
compare normative cross-sectional distributions
of bioelectrical impedance properties in early preg-
nancy, late pregnancy, and at three months post-
partum in a cohort of women with viable pregnan-
cies or live infants at the time of analysis in a typical
rural setting in northern Bangladesh.

MATERIALS AND METHODS
Population and study design

This study was nested within a large randomized
community-based trial evaluating vitamin A and
beta-carotene supplementation on all-cause, preg-
nancy-related maternal and infant mortality in
northwestern Bangladesh during August 2001-Feb-
ruary 2007 (19,20). Pregnancies were identified
by registering married women of reproductive age
and enrolling them into a five-weekly, home-based
surveillance system, with a human chorionic gona-
dotrophin-based urine test confirming pregnancy
among women reporting 30 consecutive amen-
strual days. Data presented here were collected in a
contiguous substudy area of 22 sq km with an esti-
mated population of ~42,000, where pregnancies
were enrolled and followed by the standard proto-
col but with additional clinical, anthropometric,
biochemical and body-composition assessments
done. Inclusion requirements for results reported

here were provision of a valid BIA measurement
obtained from women meeting the following cri-
teria: (a) an early-pregnancy measurement taken
within the first 12 weeks of gestation (first trimes-
ter); (b) a late-pregnancy measurement obtained
between 32 and 36 weeks of gestation, inclusive
(third trimester); or (c) a postpartum measurement
obtained between 12 and 18 weeks postpartum,
inclusive, among women with a living infant at
the time of the visit. Women did not necessarily
contribute data to all three time-points often due
to their absence from home in the third trimester
of pregnancy.

Data-collection

Maternal weight and height were measured by
trained and routinely-standardized anthropo-
metrists. Weight with light clothing was measured
at all visits on solar-powered SECA digital scales to
the nearest 0.2 kg (SECA UNICEF Electronic Scale
890). Height was measured at the first trimester
and three months postpartum visits to the nearest
0.1 cm using a portable Harpenden Pocket Stadio-
meter (Cromwell, Crymch, UK), modified with a
spirit-level affixed to the cross-bar to position sub-
jects along the Frankfurt Plane. The mean of three
readings was taken as the value for height. Intra-
and inter-worker technical standard deviations,
expressed as percent coefficient of variation, were
maintained at <1% of mean maternal height. Body
mass index (BMI) was derived as weight/height?
(kg/m?). First-trimester height was used for calcu-
lating the BMI and BlIA-related values at the third
trimester, assuming negligible statural change dur-

ing pregnancy.

Maternal age was recorded at the time of enroll-
ment into the five-weekly pregnancy surveillance
system, aided by a local and national events calen-
dar, and updated for each subsequent visit by com-
puter to account for time lapsed. Gestational ages at
the time of the first and third trimester visits were
calculated as the difference between the date of as-
sessment and the recorded date of the last menstru-
al period (LMP), obtained at the enrollment visit
based on the woman’s recall, and checked for con-
sistency against previous five-weekly surveillance-
history data. The duration of time elapsed from
birth to the time of the postpartum assessment was
derived from the known date of birth.

Resistance (R) and reactance (Xc) were measured us-
ing single-frequency portable bioelectrical imped-
ance analyzers (Quantum II, RJL system, MI, USA).
Instruments were checked daily for accuracy, using
a standard resistor. During the visit, women were
seated at least 15 minutes while a health check-
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up was conducted, after which resistance and re-
actance were measured in women lying flat on a
non-conductive surface following removal of shoes
and jewelry (21). Displayed values were recorded
when stabilized.

Both resistance and reactance were expressed as
denominators in relation to height-squared. These
are conventional height-adjusted derivations of re-
sistance and reactance used in prediction equations
for body-composition. Thus, height?/R (cm?/Q)
and height?/Xc (cm?/Q) were calculated for the
first trimester and third trimester and for the three
months postpartum time-point. Impedance (Z)
and phase angle (PA) were calculated using the for-
mulae: Z?=R?>+Xc? and PA=arctan (Xc/R) (22).

Statistical analysis

Statistical analysis was performed with the Stata
software (version 10) (Stata Corporation, College
Station, TX). Mean and standard deviations (SDs)
were calculated to describe central tendencies and
variability of data. Probability density plots were
generated for resistance and reactance. Correlation
analysis was used in evaluating associations of BMI
with BIA measurements. The differences in cross-
sectional BIA variable distributions were not tested
across time-points due to lack of independence, al-
though distributions of paired differences between
the first and the third trimester, and the first or
the third trimester and three months postpartum
measures were tested against a null hypothesis of
no change over time by analysis of variance (ANO-
VA) and paired t-test where longitudinal data were
available. Within a cross-sectional visit, the differ-
ences in BIA variable distributions across maternal
age-defined groups (<20, 20-29 and >30 years) were
tested by ANOVA corrected by the Scheffe multi-
ple comparison test (23). The statistical significance
was set at p<0.05.

Ethical approval

The Institutional Review Board of the Johns Hop-
kins Bloomberg School of Public Health in the USA
and the Bangladesh Medical Research Council in
Bangladesh approved the study. All women were
consented by approved methods before participa-
tion.

RESULTS

In total, 2,734 pregnancies were ascertained in the
substudy area. Of these, 2,118 pregnant women
consented and completed the first trimester visit,
1,338 completed the third trimester visit, and 1,602
completed the postpartum visit. After exclusions
(e.g. BIA measurement not taken within timeframe

for inclusion in the first or the third trimester or
three months postpartum definitions) and losses
to follow-up, 1,435, 1,237, and 1,141 women con-
tributed data on BIA properties at the first trimes-
ter, third trimester, and three months postpartum
respectively, for cross-sectional analyses at these
times. Of those women, a large proportion con-
tributed data at multiple time-points, such that
855 subjects contributed data both at the first and
the third trimester, 757 at the first trimester and at
three months postpartum, and 935 at the third tri-
mester and three months postpartum.

Maternal supplementation with vitamin A, beta-
carotene, or placebo had no effect on maternal
measures of resistance () at the third trimester
(placebo 647+80; vitamin A 641+73.3; beta-caro-
tene 648+77; p=0.37) and three months postpar-
tum (placebo 698+8; vitamin A 702+76; beta-caro-
tene 695+82; p=0.40) visits. There were also no
differences in reactance (Q2) in the third trimester
(placebo 64.3+12.2; vitamin A 63.2+11.2; beta-caro-
tene 63.6 +11.3; p=0.40) or three months postpar-
tum (placebo 72.3+12.2; vitamin A 71.6+12.2; beta-
carotene 71.4+12.7; p=0.60). The comparability of
BIA distributions enabled the pooling of data across
supplement groups for remaining analyses.

The demographic and socioeconomic character-
istics are summarized in Table 1. The participants
were mostly young adults aged 22.2+6.3 years at
the time of their first trimester pregnancy ascer-
tainment. At any given time point (because par-
ticipants differed at first trimester, third trimester,
and postpartum visits), 41-46% of the women were
aged less than 20 years, 67-75% were in their first
or second pregnancy, and 60-65% were not em-
ployed (Table 1). Anthropometric and BIA variables
in Table 2 show that women were low in initial
and postpartum weight (~42 kg), short in stature
(~149 cm), and thin by BMI (~19 kg/m?). The av-
erage difference in weights between the first and
the third trimester was 5.6 kg, comparable with an
increment of 5.2+2.4 kg observed in the longitudi-
nal cohort (p<0.001). Weight and BMI distributions
by the third month postpartum were comparable
with those in the first trimester. In the longitudi-
nal cohort, the difference in weights from the first
trimester to the third month postpartum was only
0.31+2.7 kg (p<0.01). The mean resistance and
impedance were lower in the third trimester than
the first trimester and only slightly higher at three
months postpartum than during the first trimester.
Reactance and phase angle were also lower in late
pregnancy but were higher again at the postpartum
period, similar to early pregnancy values (Table 2).
Height?/R and height?/Xc increased from the first
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Table 1. Sociodemographic characteristics of rural Bangladeshi women by timing of bioelectrical
impedance analysis during pregnancy and at postpartum
First trimester Third trimesterf Postpartum{
Characteristics (n=1,435) (n=1,237) (n=1,141)
No. % No. % No. %
Age (years)”
<20 592 41.3 564 45.7 525 46.1
20-29 643 44.8 556 45.0 504 44.2
230 199 13.9 115 9.3 110 9.7
Parity
0 604 42.2 606 49.0 540 47.4
1 358 25.0 326 26.4 301 26.5
22 471 32.8 304 24.6 297 26.1
Education
None 568 39.7 426 34.5 415 36.5
Primary 320 22.4 283 22.9 258 22.7
>Secondary 544 38.0 527 42.6 465 40.8
Employed™
Yes 577 40.3 451 36.5 402 35.3
No 856 59.7 785 63.5 737 64.7
*Age at pregnancy confirmation, first trimester; TMissing values: age (n=1), parity (n=2), education (n=3),
and occupation (n=2); ¥Missing values: age (n=2), parity (n=1), education (n=1), and occupation (n=1);
IMissing values: age (n=2), parity (n=3), education (n=3), and occupation (n=2); **Employment includes
any work for which women were paid in cash or in kind, including self-employment and household-
based economic activities

to the third trimester but also resembled early preg-
nancy by three months postpartum. The differenc-
es in the distributions of resistance and reactance
by time of pregnancy visit are evident in Figure 1
and 2.

BMI and resistance negatively covaried in the
first trimester (r=-0.49, p<0.001). The relationship

between BMI and reactance was also negative, al-
though weaker (1=-0.22, p<0.001). Conversely, the
correlation between BMI and height?/R was posi-
tive (r=0.43, p<0.001). Similar cross-sectional as-
sociations were present at the third trimester and
three months postpartum.

Age was a determinant of bioelectrical impedance

pregnancy and postpartum®

Table 2. Anthropometry and bioelectrical impedance values at first and third trimesters of

Variable First trimestert Third trimester# Postpartum
(n=1,435) (n=1,237) (n=1,141)
Weight (kg) 42.14£5.7 47.745.9 42.745.6
Height (cm) 149.445.2 NA 149.11£5.2
BMI (kg/m?)8 18.8+2.1 21.442.1 19.242.0
Resistance (Q) 688+76.6 646+76.6 699+79.4
Reactance (Q) 73£12.0 64+11.5 72+12.4
Impedance (Q) 692+76.5 649+76.7 702+79.4
Phase angle (°) 6.1£1.1 5.7+0.9 5.9+1.1
Height?/R (cm?/Q)8 32.944.5 35.1+4.9 32.314.6
Height?/Xc (cm?/Q)8 315+£54.2 362+69.6 319457.1

*Values are mean+SD; TMissing values: weight (n=6) and BMI (n=6); ¥Missing values: weight
(n=16), BMI (n=22), height?/R (n=6), and height?/Xc (n=6); IMissing values: weight (n=13),
BMI (n=13), reactance (n=1), impedance (n=1), phase angle (n=1), and height?>/Xc (n=1); $First
trimester height used for calculating third trimester BMI, height?/R, and height?*/Xc; BMI=Body
mass index; NA=Not applicable; R=Resistance; SD=Standard deviation; Xc=Reactance
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Fig. 1. Probability density of resistance (2) measures (single frequency BIA with 50 kHz current) in first
trimester, third trimester, and at three months postpartum among women of rural Bangladesh
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Fig. 2.Probability density of reactance ({2) measures (single frequency BIA with 50 kHz current)
in the first trimester, third trimester, and at three months postpartum among women of
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at each visit, with women aged less than 20 years
(i.e. adolescents), having the most distinct charac-
teristics (Table 3). Resistance and impedance were
higher in women aged less than 20 years than in
older age-groups at each visit. Reactance was not as-
sociated with age but phase angle was consistently
lower in adolescents compared to women aged 20-

29 years. Height?/R was consistently lower in ado-
lescents than in age-groups of 20-29 years and =30
years.

DISCUSSION

This study is the first to report distributions of bioe-
lectrical impedance properties from a rural popula-
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tion of pregnant and postpartum women in South
Asia, typical for the region in being stunted and
thin, poorly educated, and in experiencing first
pregnancy at a young age. The distributions may
be considered normative in that the measurements
were from a population-based sample of women
with a viable pregnancy or a live, breastfed infant
at the time of respective measurements. BIA may
be a particularly useful tool during pregnancy as it
has safely been used for exploring distributions of
bioelectrical properties, hydration status, and body-
composition components in various studies during
pregnancy (3,13-17). However, characterizing pop-
ulation-specific distributions of these properties
is required to realize their potential for describing
health implications for mothers and offspring.

Bioelectrical impedance is the degree to which a
standard current, typically 50 kHz, is slowed (resist-
ance) or stopped (reactance) as it passes through
the body. Resistance is typically reduced by body-
fluids, which are proportional to lean body-mass
and is increased by body-fat, through which a cur-
rent is not readily conducted. Reactance reflects
cell-membrane capacitance. Resistance and reac-
tance are vectors that are related by phase angle,
for which a larger value reflects increased body-cell
mass (24,25). However, these generalizations must
be interpreted carefully within the population of
interest as bioelectrical properties and their rela-
tionship to body-composition are affected by body-
size, factors relating to health, nutrition, hydration,
and stage of life.

As such, the magnitude of the values reported here
for resistance and reactance among rural Bangla-
deshi women are higher than those observed in
other non-Asian populations. The mean values
of both the variables in the first and the third tri-
mester were 688 and 73 Q and of 646 and 64 ()
respectively, which are higher than those reported
from two small studies in the United States (15,16)
and a larger one in Italy (17) using similar single-
frequency BIA techniques. In those investigations,
the mean resistance and reactance values were 560-
589 O and 49-69 Q in the first trimester and 506-
521 Q and ~60 Q in the third trimester respectively.
During the postpartum period, the mean values in
our study were nearly identical to the first trimes-
ter values (699 Q) and 72 Q respectively), similar to
the pattern observed in the American and Italian
studies, where the mean postpartum resistance and
reactance were 537-590 Q) and 67-69 () respectively
(15-17).

A difference in body-volume, which is markedly
smaller in South Asian than Western women, may
be one explanation for inter-population differences

in resistance (24,26). Estimated total body-volume
of the American and Italian first-trimester gravida
~160 cm in height and ~60 kg in weight is ~56.4
L whereas the body-volume of the first-trimester
Bangladeshi mothers is ~38.9 L, or approximately
30% lower (27). Higher resistance measures among
the smaller Bangladeshi women are consistent with
the fact that resistance is inversely proportional to
the volume of the mass, or body, through which it
is conducted (24).

The pattern of decline in resistance and reactance
in late pregnancy and the upward shift at postpar-
tum, in association with gain and loss in weight,
have been observed elsewhere during pregnancy
(15-17,28). Gains in body-weight during pregnan-
cy distribute across the conceptus (foetus, placen-
ta, and amniotic fluid), uterine and breast-tissue,
body-fluid compartments, and maternal fat-tissues.
In American and Swedish women, declines in
pregnancy-associated resistance and reactance pre-
dicted gains in total body-water, which represented
~50% of total pregnancy-associated weight gain
(15,16,29). It is likely that changes in resistance and
reactance in Bangladeshi women also reflect preg-
nancy-associated alterations in total body-water.

The measured phase angle among Bangladeshi
women during pregnancy also differed from values
reported in non-Asian populations. Lukaski et al.
reported a mean value of 6.6 degrees for phase an-
gle in early pregnancy (12-14 weeks gestation) that
remained unchanged throughout pregnancy into
the postpartum months (16). In contrast, phase
angle in the present study was 6.1 degrees in early
pregnancy and declined to 5.7 degrees late in preg-
nancy, possibly indicating a more compromised
body-cell mass profile at the outset of pregnancy
and with advancing gestation among Bangladeshi
women.

Among the participating women, resistance and re-
actance were lower, and height?/R was higher with
increasing BMI. The direction of these cross-sec-
tional associations is similar to those described in
German adults with Western distributions of BMI
(30,31). Future work will reveal whether this asso-
ciation is explained by increases in lean or fat-mass,
both of which contribute to BMI. We also detected
age-related differences in bioelectrical impedance
variables that likely reflect maturational differences
in body-composition between younger and older
women. For example, resistance and impedance
were higher and phase angle was generally lower
among adolescent gravid compared to older preg-
nant women. These differences may reflect both
smaller body-size and lower lean mass of younger
women as they continue to grow towards peak stat-
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ure and fat-free mass. Such maturational differenc-
es in resistance and reactance have been observed
elsewhere (30-33). Other studies of the impact of
pregnancy and lactation on adolescent statural and
lean body-growth in this population have shown
that it is attenuated compared to that observed in
non-pregnant young women of the same age (34).
Continued assessment of our Bangladeshi mothers
might reveal the full cost of early pregnancy and
lactation on attained adult size and body-composi-
tion. Finally, declines in phase angle with advanc-
ing age have been observed here and elsewhere
(30,35,36), and determining whether the extent of
such declines is related to early or frequent child-
bearing in this nutritionally-challenging environ-
ment is of interest.

We observed distributions of resistance and reac-
tance that are displaced upward compared to Eu-
ropean and American populations but that exhibit
qualitatively similar changes during pregnancy and
at the postpartum period. Bioelectrical impedance
distributions at three months postpartum suggest a
return to an early-pregnancy body-composition by
that time across a single reproductive cycle. Given
the unique anthropometric characteristics of this
population, population-specific prediction equa-
tions will be required to derive body-composition
estimates in these women. We intend to further
explore these BIA properties and subsequent body-
composition measures in relation to maternal
health, pregnancy outcomes, and infant health
and survival.

ACKNOWLEDGEMENTS

The study was funded by the Bill & Melinda Gates
Foundation, Seattle, WA, USA (Grant No. 614 Glo-
bal Control of Micronutrient Deficiency), US Agen-
cy for International Development, Washington,
DC, USA (Global Research Activity GHS-A-00-03-
00019-00), and Sight and Life Research Institute,
Baltimore, MD, USA. The study was conducted
under an agreement with the National Integrated
Population and Health Programme of the Ministry
of Health and Family Welfare of the Government
of the People’s Republic of Bangladesh. The contri-
butions of the JiVitA field and data management
teams and Johns Hopkins collaborators (Allan Mas-
sie, Maithilee Mitra, and Lee Wu) are gratefully ac-
knowledged.

REFERENCES

1. Ellis K], Bell SJ, Chertow GM, Chumlea WC, Knox
TA, Kotler DP et al. Bioelectrical impedance methods
in clinical research: a follow-up to the NIH Technolo-

10.

11.

12.

13.

14.

gy Assessment Conference. Nutrition 1999;15:874-
80.

Mattar JA. Application of total bioimpedance to the
critically ill patient. Brazilian Group for Bioimped-
ance Study. New Horiz 1996;4:493-503.

Morita H, Takeuchi K, Funakoshi T, Mizutori M,
Maruo T. Potential use of bioelectrical impedance
analysis in the assessment of edema in pregnancy.
Clin Exp Obstet Gynecol 1999;26:151-4.

Roubenoff R, Baumgartner RN, Harris TB, Dallal GE,
Hannan MT, Economos CD et al. Application of bio-
electrical impedance analysis to elderly populations.
] Gerontol A Biol Sci Med Sci 1997;52:M129-36.

Deurenberg P, Deurenberg-Yap M. Validation of skin-
fold thickness and hand-held impedance measure-
ments for estimation of body fat percentage among
Singaporean Chinese, Malaya and Indian subjects.
Asia Pac ] Clin Nutr 2002;11:1-7.

Deurenberg P, Deurenberg-Yap M. Validation of
body composition methods across ethnic population
groups. Acta Diabetol 2003;40 (Suppl):S246-49.

Kushner RF, Kunigk A, Alspaugh M, Andronis PT,
Leitch CA, Schoeller DA. Validation of bioelectrical-
impedance analysis as a measurement of change in
body composition in obesity. Am J Clin Nutr 1990;
52:219-23.

Xie X, Kolthoff N, Barenholt O, Nielsen SP. Validation
of leg-to-leg bioimpedance analysis system in assess-
ing body composition in postmenopausal women.
Int ] Obes Relat Metab Disord 1999;23:1078-84.

Deurenberg P, Westerterp KR, Velthuis-Te Wierik EJ.
Between-laboratory comparison of densitometry and
bio-electrical impedance measurements. Br ] Nutr
1994;71:309-16.

Sen B, Mahalanabis D, Shaikh S, Kurpad AV, Bose K.
Evaluation of equations for fat-free mass based on an-
thropometry in infants and young children in South
Asia. Br ] Nutr 2009;101:551-7.

Shaikh S, Mahalanabis D, Kurpad AV, Khaled MA.
Validation of an anthropometric equation and bioe-
lectrical impedance analysis (BIA) technique to meas-
ure body composition of children in India using D,0
dilution method. Nutr Res 2002;22:685-94.

Shaikh S, Mahalanabis D, Chatterjee S, Kurpad AV,
Khaled MA. Lean body mass in preschool aged urban
children in India: gender difference. Eur J Clin Nutr
2003;57:389-93.

Bhat DS, Yajnik CS, Sayyad MG, Raut KN, Lubree HG,
Rege SS et al. Body fat measurement in Indian men:
comparison of three methods based on a two-com-
partment model. Int ] Obes (London) 2005;29:842-8.
Rush EC, Chandu V, Plank LD. Prediction of fat-free
mass by bioimpedance analysis in migrant Asian In-

Volume 29 | Number 3 | June 2011

243



Distribution of bioelectrical impedance properties among rural pregnant women

Saijuddin S et al.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

dian men and women: a cross validation study. Int]
Obes (London) 2006;30:1125-31.

Lukaski HC, Siders WA, Nielsen EJ, Hall CB. Total
body water in pregnancy: assessment by using bio-
electrical impedance. Am J Clin Nutr 1994;59:578-85.

Lukaski HC, Hall CB, Siders WA. Assessment of chan-
ges in hydration in women during pregnancy and
postpartum with bioelectrical impedance vectors.
Nutrition 2007;23:543-50.

Ghezzi F, Franchi M, Balestreri D, Lischetti B, Mele
MC, Alberico S et al. Bioelectrical impedance analysis
during pregnancy and neonatal birth weight. Eur |
Obstet Gynecol Reprod Biol 2001;98:171-6.

Lawn JE, Cousens S, Zupan J; Lancet Neonatal Surviv-
al Steering Team. 4 million neonatal deaths: when?
Where? Why? Lancet 2005;365:891-900.

Labrique AB, Christian P, Klemm RD, Rashid M,
Shamim AA, Massie A et al. A cluster-randomized
maternal vitamin A or beta-carotene supplementa-
tion trial in Bangladesh: design and methods. Trials
2011;12:102 [Epub ahead of print].

West KP, Jr., Christian P, Labrique AB, Rashid M,
Shamim AA, Klemm RDW et al. Vitamin A or beta-
carotene supplementation and mortality related to
pregnancy: a cluster-randomized, double-masked,
placebo-controlled trial in Bangladesh. JAMA 2011;
205:1986-95.

Nichols J, Going S, Loftin M, Stewart D, Nowicki E,
Pickrel J. Comparison of two bioelectrical impedance
analysis instruments for determining body composi-
tion in adolescent girls. Int ] Body Compos Res 2006;
4:153-60.

Lukaski HC. Biological indexes considered in the der-
ivation of the bioelectrical impedance analysis. Am |
Clin Nutr 1996;64 (Suppl):S397-404.

Maxwell SE, Delaney HD. Designing experiments and
analyzingdata:amodelcomparison perspective. Phila-
delphia, PA: Lawrence Erlbaum Associates, 2004:
217-8.

Kyle UG, Bosaeus I, De Lorenzo AD, Deurenberg P,
Elia M, Gémez JM et al. Bioelectrical impedance anal-
ysis—part I: review of principles and methods. Clin
Nutr 2004;23:1226-43.

Barbosa-Silva MC, Barros A]J, Post CL, Waitzberg DL,
Heymsfield SB. Can bioelectrical impedance analysis

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

identify malnutrition in preoperative nutrition as-
sessment? Nutrition 2003;19:422-6.

Foster KR, Lukaski HC. Whole-body impedance-what
does it measure? Am J Clin Nutr 1996;64 (Suppl):S388-
96.

Takasaki Y, Yamasaki M, Kamataki A. A simplified
method for calculation of total body volume in men:
with reference to body composition. Annals Physiol
Anthrop 1983;2:151-4.

Larciprete G, Valensise H, Vasapollo B, Di Pierro G,
Menghini S, Magnani F et al. Maternal body compo-
sition at term gestation and birth weight: is there a
link? Acta Diabetol 2003;40 (Suppl):S222-4.

Lof M, Forsum E. Hydration of fat-free mass in healthy-
women with special reference to the effect of preg-
nancy. Am J Clin Nutr 2004;80:960-5.

Dittmar M. Reliability and variability of bioimped-
ance measures in normal adults: effects of age, gender,
and body mass. Am ] Phys Anthropol 2003;122:361-
70.

Bosy-Westphal A, Danielzik S, Dorhofer RP, Piccoli A,
Muller MJ. Patterns of bioelectrical impedance vec-
tor distribution by body mass index and age: implica-
tions for body-composition analysis. Am ] Clin Nutr
2005;82:60-8.

Phillips SM, Bandini LG, Compton DV, Naumova EN,
Must A. A longitudinal comparison of body composi-
tion by total body water and bioelectrical impedance
in adolescent girls. ] Nutr 2003;133:1419-25.

Buffa R, Floris G, Marini E. Bioelectrical impedance
vector in pre- and postmenarcheal females. Nutrition
2002;18:474-8.

Rah JH, Christian P, Shamim AA, Arju UT, Labrique
AB, Rashid M. Pregnancy and lactation hinder gro-
wth and nutritional status of adolescent girls in rural
Bangladesh. ] Nutr 2008;138:1505-11.

Denti L, Pasolini G, Sanfelici L, Ablondi F, Freddi M,
Benedetti R et al. Effects of aging on dehydroepian-
drosterone sulfate in relation to fasting insulin lev-
els and body composition assessed by bioimpedance
analysis. Metabolism 1997,46:826-32.

Biasioli S, Eoroni R, Petrosino L, Cavallini L, Zambel-
lo A, Cavalcanti G et al. Effect of aging on the body
composition of dialyzed subjects. Comparison with
normal subjects. ASAIO ] 1993;39:M596-601.

244



