
The first report on poverty in Kenya indicates that the
majority of the population (73%) live in rural areas and
23% are likely to have inadequate food intake and
hence a compromised body composition.1 Responses of
the body to reduced food intake include low body
weight and body mass index (BMI). There is marked
reduction in body fat (BF), and fat-free mass (FFM).2,3

Very few studies have been done on changes likely to

occur in the body composition of individuals in
developing countries living on long-term marginal food
intake.4 Assessment of nutritional status based on
determination of variations in BF, FFM and percentage
body fat (% BF) will help to bring the magnitude and
implications of low food intake into focus. This factor is
critical in determining the impact of community-based
nutritional interventions that aim at improving the body
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Background and objective. The deuterium oxide (DO) dilution method for measuring body composition

was validated against the widely used skinfold (SF) measurement-based equation of Durnin and

Womersley. The study involved 10 lactating women living in a rural community in Nandi, Kenya and

participating in a cross-sectional study aimed at determining their iron and vitamin A status. 

Methods. The selection criteria were exclusive breast-feeding, infants between 2 and 4 months of age,

maternal parity < 4, birth weight more than 2 500 g and no congenital abnormalities. Maternal and infant

anthropometric measurements were taken.

DO (approximately 0.1 g 2H2O/kg body water) was given orally to each mother accordingly to the

Maastricht protocol (DO) for total body water (TBW) determination. The 2H enrichment of the urine was

measured using gas-isotope-ratio mass spectrometry. Blood samples were collected. Serum retinol and

ferritin were determined using high- performance liquid chromatography (HPLC) and enzyme-linked

immunosorbent assay (ELISA) respectively. Body mass index (BMI) was determined as weight/height (m2).

The Bland-Altman pair-wise comparison was used to compare maternal fat-free mass (FFM), body fat (BF)

and percentage body fat (% BF) that were determined based on the DO and SF techniques.

Results. Maternal mean (± standard deviation (SD)) for parity, age, BMI, haemoglobin (Hb), serum ferritin

and serum retinol were 3 (2), 26 (4) years, 23.4 (4), 12.1 (1.8) g/dl, 10.3 (4.0) µg/l and 0.696 (0.300) µmol/l

respectively. The FFM, BF and % BF accordingly to the DO and SF methods respectively were 44.0 (4.7)

kg v. 42.9 (5.9) kg, 16.7 (8.8) kg v. 17.8 (7.5) kg and 26.2 (8.1)% v. 28.4 (6.4)%. Limits of agreement for

underestimation of FFM and % BF were 4.4 kg (SEE 3.4) and 11.6% (SEE 5.8) respectively. Bias in the

measurement of FFM and % BF was 1.1 kg (SEE 1.9), and –2.2% (SEE 3.3) respectively. 

Conclusion. The variability (5.8 - 17.5%) observed in the SF technique may result in lower prediction of

% BF. This may be an important factor for community-based nutritional interventions that aim at

improving the body composition of vulnerable groups such as pregnant and lactating women or subjects

with severe undernutrition.
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composition of vulnerable groups such as lactating
mothers or those with severe wasting due to acute and
frequent infections.

Techniques need to be accurate and practical in field
conditions. This factor, plus the cheapness and ready
availability of deuterium oxide (DO) (2H2O), has led to
its extensive use in body composition research.5-8 Use of
the Maastricht protocol7 under field conditions provides
the same accuracy as obtained in carefully controlled
laboratory settings. A limiting factor in DO research has
been the complexity of the laboratory  meaurements,
which require use of a mass spectrometer and trained
personnel. Because of this most DO validation studies
tend to be small in sample size.9,10 In our study,
transportation and analysis costs determined our
sample size of 10 lactating women from a rural
community in Nandi, Kenya. In future this may change.
A welcome recent development has been a faster and
easy measurement of deuterium oxide (DO) sample
enrichments using Fourier transformed infrared
spectrophotometer (FTIR).11,12

Anthropometric measurements are widely used in the
estimation of body composition indices. Compared with
laboratory-based methods they are relatively fast, non-
invasive, require the minimum of equipment and most
important of all the measurements can be done
anywhere.13 The skinfold (SF) thickness equations
developed for predicting body composition indices use
measurements usually obtained from well-nourished
subjects living in developed countries.14,15 To date the
validity of using the SF thickness equations in
predicting body composition of lactating mothers in a
rural community in Africa has not been established.
Therefore the objectives of this study were: (i) to use
the DO-based method under field conditions in a rural
Kenyan community to determine the body composition
of lactating women; and (ii) to determine the degree of
agreement between a widely used SF thickness method
and the DO-based Maastricht protocol for the
assessment of body composition.

Subjects and methods

Study area

The study was conducted in seven villages based in a
rural community in Nandi, about 30 km south-west of
Eldoret in Kenya. The subjects were lactating women
and their infants. These women were participants in a
cross-sectional study aimed at determining iron and
vitamin A status during lactation.16 In the sampling
strategy we used a cluster of seven Nandi villages. The
selection criteria for inclusion in the study were
exclusive breast-feeding, infants between 2 and 4
months of age, maternal parity < 4, birth weight more
than 2 500 g and no congenital abnormalities. Maternal
body composition was assessed and recorded for 10
women randomly selected from each village by quota.
Maternal body composition indices were determined

based on the isotope dilution technique and
anthropometric measurements. Clearance to conduct
the study was obtained from Moi University, Eldoret,
and the Kenyan government, and informed consent was
obtained from all 10 subjects.

Anthropometry and blood collection

Maternal body weight was measured to the nearest 0.1
kg using an electronic scale (SECA) and height was
measured to the nearest 0.1 cm using a height meter.
BMI was computed as weight/height (m2). The mid
upper arm circumference (MUAC) was measured using
standard techniques. A Holtain SF thickness calliper
(UK) was used to measure quadruple biceps, triceps
supra-iliac and subscapular SF thickness.17 One
investigator did all the measurements. The infant’s
body weight was measured to the nearest 0.1 kg using
a baby weighing scale and height was measured to the
nearest 0.1 cm using a height stadiometer. Five
millilitre venous blood samples were taken and stored
on ice for transportation to the laboratory. Serum was
separated from blood by centrifugation at 3 000
revolutions for 10 minutes at room temperature on
arrival and samples were stored at –70°C until analysed
for serum retinol and ferritin.

Urine sample collection and 
processing

A background urine sample was collected in the
evening  5 - 10 minutes before the DO intake. The next
morning 1 - 3 hours before the final urine sampling the
mothers were asked to empty their bladders. This part
of the urine was not collected. A sample was collected
from a second urine voiding 1 hour later. As far as
possible the time between drinking of DO and the last
urine sampling was 10 hours (± 10 minutes). The urine
samples were frozen and stored at –20°C until
transported to the analytical laboratory in Maastricht.

Determination of body composition

DO: The stock mixture of DO (2H2O)  was prepared from
separate (un) labelled water. The subjects were given a
standard dose of 70 ml water with 5 APE DO8 after
preparation using the Pt equilibration technique;18 the
samples were analysed using an isotope ratio mass
spectrometry (Aqua Sira VG, UK).

DO was measured in hydrogen gas. Hydrogen gas was
produced from the sample on-line using the hot
uranium technique.19 The FFM was calculated as total
body water (TBW)/0.724 as suggested by van Raaij.20

Maternal BF and % BF were calculated from BW by
difference. Thus BF = BW – FFM and % BF = (BF × 100)
/BW.

SF measurement: Bicep, tricep, subscapular and
supra-iliac SF measurements were used to estimate
body density.14 The Siri equation21  was used to
determine BF and % BF. Based on maternal body
weight (BW) the estimates for FFM were determined as
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BW – BF.13,15 A body weight < 52 kg and FFM < 42.8 kg
were considered indicative of mild to chronic
undernutrition.4

Biochemical analysis

A Coulter counter, model 560 was used to determine
haemoglobin (Hb). Retinol levels in serum were assayed
using high-performance liquid chromatography.
Meaurement of serum ferritin was performed using the
enzyme-linked immunosorbent assay (ELISA)
(Boehringer Mannheim Immundiagnostike, Mannheim,
Germany). Nutritional anaemia was considered present
if Hb was less than 12 g/dl.22 Depletion of iron stores
was based on the levels of serum ferritin concentration
as follows: severe < 12 µg/l, marginal 12 - 29 µg/l and
normal ≥ 30 µg/l.23 Vitamin A status was based on
serum retinol concentration as follows: deficient < 0.35
µmol/l (10 µg/dl), and marginal < 0.70 µmol/l (20
µg/dl).24

Statistical analyses

Means, standard deviations (SDs) median and ranges
were computed. The Bland-Altman pair-wise
comparison25 was used to compare BF, FFM and % BF
estimated by using the SF and DO techniques
respectively. The degree of bias and the limits of
agreement between the two methods were determined.
Data were analysed using the SPSS/PC statistical
package version 11.1.

Results

Mean values for nutritional and biochemical
characteristics of the 10 lactating mothers are given in
Table I. Infant growth is comparable to NCHS/World
Health Organisation reference standards. For this group
of 10 lactating Nandi women, Hb status was within the
normal range, vitamin A status was marginal and iron
stores were severely deficient. Based on BMI (< 20) 20%
of the mothers would be considered underweight. The

mean values for body composition are shown in Table
II. Using a FFM cut-off point of 42.8 kg, 60% of the
mothers would be considered undernourished based on
SF calculations compared with 40% based on the DO
method. Although not significantly different, the % BF
estimates derived from SF measurements were higher
while those for FFM were lower compared with the DO
method.

The body composition indices derived from the DO and
SF measurements were all significantly (p < 0.01) and
positively correlated for BF (r = 0.95), FFM (r = 0.88) and
% BF (r = 0.82). For the DO-derived body composition
indices (mean ± SD) maternal TBW, FFM, and BF were
53.4 (5.9)%, 73.8 (8.08)% and 26.15 (8.1)% expressed as
a percentage of body weight respectively. The
estimates for BF, FFM and % BF derived from the DO
method account respectively for 91%, 78%, and 66% of
the total variability observed in the values derived from
the SF measurements.

The relation between differences in body composition
indices obtained from the DO and SF methods and the
average of the values from these two methods are
shown in Fig. 1. The estimates for % BF had the
biggest bias, with a mean (± SD) difference of –2.2%
(4.7). Across the range of body composition indices
represented by this population of lactating mothers, the
Bland-Altman relation of inter-method differences and
means indicate considerable lack of agreement
between the two methods and some bias in the body
composition indices derived from the SF method.

The limits of agreement and differences in accuracy
levels for the two methods are shown in Table III. The
range of agreement between the two methods is large
for all the body composition indices. The limits of
agreement estimates (± 95% confidence interval (CI))
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Mean*
Age 25.8 ± 4.7
No. of children 3.4 ± 2.4
Infant weight/age z-score† 0.067 ± 0.860
Lactation duration (months) 4.0 ± 3.3
Weight (kg) 60.7 ± 12.4
Height (m) 1.6 ± 0.1
BMI (m2) 23.4 ± 4.0
MUAC (cm) 25.3 ± 3.1
Hb (g/dl) 12.1 ± 1.8
Serum ferritin (µg/l)‡ 10.3 ± 4.0
Serum retinol (µmol/l) 0.696 ± 0.300

*Mean ± SD.
†Based on NCHS World Health Organisation reference standards.
‡Logarithmic values.
BMI = body mass index (weight/height); MUAC = mid upper arm
circumference.

Table I. Nutritional and biochemical
characteristics of 10 lactating Nandi
women

Nandi wom
Mini- Maxi-

Mean* mum mum
Skinfold thickness

Biceps (mm) 9.9 ± 6.7 5.0 24.6
Triceps (mm) 16.7 ± 6.7 8.0 29.5
Supra-iliac (mm) 13.4 ± 7.7 5.2 29.6
Subscapular (mm) 20.6 ± 10.5 8.3 38.5

Total body water (TBW) 31.8 ± 3.4 25.9 35.8

Body composition (SF)†

BF (kg)‡ 17.8 ± 7.5 8.7 34.0
FFM (kg)‡ 42.9 ± 5.9 33.4 51.2
% BF 28.4 ± 6.4 18.2 39.9

Body composition (DO)§

BF (kg)‡ 16.7 ± 8.8 8.1 36.7
FFM (kg)‡ 44.0 ± 4.7 35.7 49.5
% BF 26.2 ± 8.1 16.8 43.1

*Mean ± SD.
†Estimates based on skinfold thickness measurements (SF).
‡ Body fat (BF), fat-free mass (FFM), percentage body fat (% BF).
§ Estimates based on deuterium oxide (DO).

Table II. Body composition indices of 10
lactating Nandi women



95% CI for

Body
95% CI for limits of agreement‡

composition Mean* Precision† Agreement‡ < DO value > DO value

BF (kg)§ –1.11 ± 2.80 –1.11 ± 1.99 –1.11 ± 5.6 6.71 ± 3.46 4.49 ± 3.46
FFM (kg)§ 1.11 ± 2.80 1.11 ± 1.99 1.11 ± 5.6 4.49 ± 3.46 6.71 ± 3.46
% BF§ –2.25 ± 4.70 –2.25 ± 3.34 –2.25 ± 9.4 11.65 ± 5.81 7.15 ± 5.81

*Mean difference ± SD.
†Mean difference ± (t x SE).25

‡Mean difference ± 2SD (t x 3SE).25

§Body fat (BF), fat-free mass (FFM), percentage body fat (% BF).

for % BF were –2.2 ± 9.4 resulting in a SF % BF
estimation that is 11.6% (SEE 5.8) below the DO value
for % BF. For FFM the limits of agreement (± 95% CI)
between the two methods was 1.1 ± 5.6 indicating that
the SF and FFM estimates were likely to be 6.7 kg (SEE
3.5) above the estimates made from the DO method.
For % BF and FFM limits of precision (± 95% CI) were
–2.2 ± 3.4 and 1.1 ± 1.9 respectively. The accuracy of
the SF estimates for % BF may be up to 5.6% below the
values derived from DO. The accuracy for FFM above
the DO-derived values could be as high as 3.1 kg.

The variability (5.8 - 17.5%) observed in the SF
technique may result in lower prediction of % BF. The
Maastricht protocol for assessment of body composition
was applied with relative ease under the field
conditions in a rural community in Kenya. The
combination of this method with other nutritional
status indicators can provide valuable information for
monitoring community-based nutritional interventions.

Discussion

Studies of body composition in developing countries
require accurate and practical techniques that interfere
minimally with the busy physical life of rural
communities. All the subjects in this study were
lactating mothers living in a rural community in Kenya.
Their TBW was etimated based on the Maastricht
protocol for determination of body composition.7,8 Since
it is administered in the evening, the method does not
interfere with the lactating mother’s busy daytime
routine. The very minimal field laboratory requirements
and ease of sample collection will make researchers in
developing countries appreciate the tremendous strides
that the Maastricht protocol entails. Its application in a
field situation in a rural community provides an
opportunity to make a fairly accurate assessment of
nutritional status. In this study the body composition
indices derived on the basis of SF thickness from the
DO dilution technique were only compared with body
composition indices derived from the age- and sex-
specific logarithmic equation of Durnin and
Wormersley.14 The purpose of the study was to provide
further validation for the use of the isotope dilution
technique in the estimation of body composition
indices.

FFM is assumed to contain all the TBW that comprises
730 g/kg FFM. Isotope dilution provides an indirect
measure for TBW. Hence by measuring TBW the FFM
can be estimated as TBW/0.730.20 An 8 - 10-hour
equilibration time for determination of DO enrichment
gives more accurate estimates of TBW. The Maastricht
protocol recommends 10 hours as the optimal time for
isotopic equilibrium for DO.6,8 Its application under field
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Fig. 1. Mean difference and 95% CI for body composition
indices derived from deuterium oxide (DO) and from
skinfold-thickness measurements (SF) plotted against the
mean value for both the methods.

Table III. Mean differences and variation in the limits of precision and agreement between
maternal body composition indices estimated from the DO dilution technique and
anthropometric measurements of skinfold thickness for the 10 rural lactating mothers



conditions seems quite feasible. The various levels of
accuracy and limits of agreement examined in this
study show considerable variability in etimates for FFM
and % BF. In this study using DO as the more accurate
method, evaluation of the relative accuracy of the SF
method shows that the limits of agreement for FFM
were 1.1 ± 5.6 kg. This gives a SF overestimation of 6.7
kg (SEE 3.5) compared with the limits of agreement for
% BF which were –2.2 ± 9.4 % leading to an 11.7% (SEE
5.8) SF underestimation of % BF. The advantages of the
DO dilution technique are the relative ease with which
it can be applied in developing country field conditions
and the possibility of combining this type of evaluation
with other nutritional indices providing valuable
information for nutritional interventions. The main
disadvantage may be the complexity of the laboratory
measurements, which requires use of a mass
spectrometer and trained personnel. This limitation
may now be reduced by using the Fourier transformed
infrared spectrophotometer (FTIS) to measure DO
sample enrichment.11,12 This new development will
facilitate wider use of the DO method.

As shown in this study, the DO method can be
combined with other nutritional indicators, thus
providing a better assessment of the subject’s
nutritional status. The method offers the opportunity to
determine maternal body composition and breast-milk
output simultaneously,26 a factor critical in studying
breast-feeding practices. A good example of this is the
study done on 30 Otomi Indians from Mexico27 where it
was observed that lactation performance correlated
significantly with maternal size and body composition.
In a number of investigations of energy requirements
and expenditure FFM has been used as a primary
predictor of basal metabolic rate (BMR). A general
prediction equation of BMR = 370 + 21.6 (FFM) has
been suggested by Cunningham.28 This equation
explains 65 - 90% of the variation in BMR. It predicts 1
235 kcal (5.17 MJ day) for a standard individual of 40 kg
FFM living in a developing country. In our study the DO
estimation for maternal FFM was 44.0 kg. When the
Cunningham prediction equation is applied it yields a
maternal BMR of 1 320 kcal/day (5.52 MJ/day). The
validity of generalised regression equations is
debatable and the use of predictive equations
applicable to the subjects under study is generally
recommended.29,30 The DO FFM combined with local
estimations of BMR can be used to generate local
prediction equations for BMR. Average energy
expenditure may then be estimated from BMR
multiplied by an appropriate activity factor that varies
from 1.2 to 1.4.30 This may be useful in studies of energy
requirements and expenditure in developing countries
where pregnant and lactating women tend to be
undernourished, are overworked due to too many
demands on their time, and often have limited access
to resources that could help them cope with their
circumstances.

Accurate assessment of body composition indices
continues to be necessary because determining
changes in body size and composition provides
important information on the consequences of lowered
energy intake, especially if sustained at low levels as is
often the case in rural communities in the developing
world. The most pronounced outcome of this study is
that the observed limits of agreement for FFM and %
BF can be attributed to the variation in SF-derived
body composition indices. Compared with the DO-
derived body composition indices, when the Durnin
and Womersly SF thickness equation is used individual
% BF can be underestimated by as much as 11.6% (SEE
5.81) or overestimated by up to 7.1% (SEE 5.8). The
variability (5.8 - 17.5%) in the SF measurements lower
prediction of % BF must be taken into account in the
evaluation of undernutrition in a rural African
community.
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Objective. To evaluate the effectiveness of iron and folate supplementation in antenatal clinics.

Design. A cross-sectional analytical study. 

Setting. Villages in the central region of Limpopo province, which are serviced by Mankweng Hospital. 

Subjects. Third-trimester pregnant women (N = 262) attending antenatal clinics at eight local clinics in

the villages.

Results. The prevalence of anaemia (haemoglobin < 10.5 g/dl) in this study population was 16.4%. The

mean number of clinic visits during pregnancy was 4.1 (standard deviation (SD) 2.18). There were no

differences in clinic attendance for the anaemic and non-anaemic participants. Maternal weight was

found to be lower (p = 0.051) in the anaemic than the non-anaemic group. Iron, vitamin B12 and folate

deficiencies are  still common in this area, with 50.9%, 16.4% and 10.3% of the pregnant women

respectively having biochemical evidence of these deficiencies. In the anaemic group iron deficiency was
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