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ANNEX I 

Breast milk and energy intake in exclusively, 

predominantly, and partially breast-fed infants 

 
Hinke Haisma, W Andrew Coward, Elaine Albernaz, G Henk Visser, 
Jonathan CK Wells, Antony Wright, Cesar G Victora 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

B
r

e
a

s
t

 m
il

k
 a

n
d

 e
n

e
r

g
y

 i
n

t
a

k
e

 

 

 

 

 

 

 

 

Eur j clin nutr 57 (12): 1633-42 

 
75 



abstract O b j e c t i v e :  To investigate the extent to which breast milk is 
replaced by intake of other liquids or foods, and to estimate 
energy intake of infants defined as exclusively (EBF), 
predominantly (PBF), and partially breast-fed (PartBF).  
D e s i g n:  Cross-sectional community based study in 70 infants 
aged 4 months of age recruited at birth in urban Pelotas, 
Southern Brazil.  
M a i n  o u t c o m e  m e as u r e s :  Breast milk intake measured using 
a “dose-to-the-mother” deuterium-oxide turnover method; 
feeding pattern and macronutrient intake assessed using a 
frequency questionnaire.  
R e s u l ts :  Adjusted mean breast milk intakes were not different 
between EBF and PBF (EBF, 806 g/d versus PBF, 778 g/d, p=0.59). 
The difference between EBF and PartBF was significant (PartBF, 
603 g/d, p=0.004).  Mean intakes of water from supplements were 
10 g/d (EBF), 134 g/d (PBF) and 395 g/d (PartBF). Compared to 
EBF these differences were significant (EBF versus PBF, p=0.005; 
EBF versus PartBF, p<0.001). 
Energy intake of infants receiving cow or formula milk 
(BF+CM/FM) in addition to breast milk tended to be 20% higher 
than energy intake of EBF infants (EBF, 347 kJ/kg/d versus 
BF+CM/FM, 418 kJ/kg/d, p=0.11). 
C o n c l u s i o n s :  There was no evidence that breast milk was 
replaced by water, tea or juice in PBF compared to EBF infants. 
Energy intake in BF+CM/FM infants tended to be 20% above 
latest recommendations (1996) for breast-fed and 9% above those 
for formula-fed infants. If high intakes are maintained, this may 
result in obesity later in life.  
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INTRODUCTION 
 
Exclusive breast-feeding (EBF), i.e., intake of nothing but breast milk, is now 
recommended during the first six months of an infant’s life (WHO, 2001a; WHO, 
2001b). However, in many societies infants are predominantly breast-fed (PBF), 
that is to say they receive water, tea, and juices (Labbok & Krasovec, 1990) in 
addition to receiving milk from breast-feeding. There is evidence that the early 
introduction of complementary foods reduces levels of breast milk intake 
(Heinig et al, 1993) and others have found an association between the 
introduction of formula foods and early termination of breast-feeding (WHO, 
1998a). It is also thought that even the introduction of non-nutritious liquids 
decreases breast milk production (Sachdev et al, 1991) but the precise extent to 
which breast milk intake is replaced by other liquids, milk or complementary 
foods remains a matter of some uncertainty.  
In the past few years there has been considerable renewed interest in the growth 
and energy requirements of breast-fed infants. Breast-fed infants tend to gain 
weight more rapidly in the first 2 to 3 months, but tend to weigh less than 
formula-fed infants between 6 and 12 months of age (Dewey et al, 1995; WHO, 
1994). This needs to be taken into account when constructing growth curves for 
infants. To this end, WHO is currently undertaking the development of new 
growth curves (WHO, 1998b) which are intended to replace those developed by 
the National Center for Health Statistics (NCHS) (National Center for Health 
Statistics, 1977) and their recently revised version as developed by the Center for 
Disease Control (CDC) (Kuczmarski et al, 2002). The new WHO growth curves 
will be based on breast-fed infants from high socio-economic class with no 
constraints to growth, whereas the NCHS and CDC curves were derived from a 
mixture of breast- and bottle-fed infants from all social levels. Although growth 
curves might ideally be based on infants who are exclusively breast-fed for the 
first 4-6 months, in practice this would significantly complicate data collection in 
many countries including Brazil where about 20% of the 3-month old infants are 
PBF, rather than EBF. Results for infants who are reported as EBF and PBF will 
therefore be pooled in the analysis of the WHO Multicenter Growth Reference 
Study (MGRS) on the basis that there is no difference in growth between these 
groups (De Onis et al, 2001; Victora et al, 1998). Partially breast-fed infants 
(PartBF), i.e., infants receiving cow or formula milk and/or solids in addition to 
breast milk, did show increased weight gain during the first year of life 
compared to EBF or PBF infants (Victora et al, 1998). Infants partially breast-fed 
before 4 months of age will not be included in the database used for the 
construction of the new growth curves. 
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In line with these differences in growth is the finding that energy requirements 
of breast-fed infants are different from those who are bottle-fed (Butte, 1996; 
Butte et al, 1990b), and there is substantial evidence that recommendations of 
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energy requirements (WHO, 1985) overestimate the needs by 9-39% (Butte, 
1996). Energy requirements have originally been based on measurements of 
energy intake (WHO, 1985). However, as it is difficult to obtain reliable food 
intake data, it was decided that energy requirements should be based on 
measurements of energy expenditure with an added component for growth of 
new tissue (IDECG, 1996). EBF infants may be a select group where reliable 
intake data can be obtained, and hence an accurate estimation of their energy 
requirements could be based on intake. We used the dose-to-the-mother 
deuterium-oxide turnover method to measure and compare intake of breast 
milk, and water from non-breast milk sources in EBF, PBF and PartBF infants 
aged 4 months of age. Our main objective was to investigate the extent to which 
breast milk is being replaced by the consumption of water, teas, juice, other milk 
or complementary foods. The age of 4 months was chosen as the latest possible 
age at which EBF would be common enough to achieve the sample size required. 
The study was designed to use the same inclusion criteria as the MGRS, so that 
results could be applied to the reference population included in the MGRS in 
Brazil. A second objective of the study was to estimate energy intake of infants 
who were exclusively, predominantly or partially breast-fed. 
The study was embedded in a lactation counselling intervention. Results of this 
work have been described elsewhere (Albernaz et al, 2003). 
 
 
METHODS 
 
Outline of study milestones 
The study was conducted in Pelotas, a city of about 330,000 habitants and 6,000 
births per year in the extreme south of Brazil (32° S and 52° W). Screening of 
subjects was done in the hospital at birth, from August 1999 to January 2000. The 
infants were followed up in their homes by two trained field workers at 14, 30, 
45, 60, 90 and 120 days of age, using the standard MGRS questionnaires (which 
contain information about socio-economic family conditions, babies’ and 
mothers’ health as well as a 24h recall) and measuring weight and length of 
mother and baby. At the time those infants eligible and breast-feeding were 105 
to 120 days of age, breast milk intake was measured over a two-week period 
using the deuterium-oxide turnover technique. A third field-worker was trained 
to: (1) administer the dose of deuterium-oxide to the mother on day 0, (2) collect 
saliva samples from the mother, (3) collect urine samples from the baby, (4) 
weigh the mother and the baby on day 0 and 14 of the study, (5) apply a food 
frequency and amount questionnaire (FQ) on day 14 of the study covering day 0 
to 14.  
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Subjects 
The study used the same inclusion criteria as applied in the WHO Multicenter 
Growth Reference Study (WHO, 1998b) as previously carried out at the Pelotas 
research centre. Every day of the week, mother-infant pairs were recruited from 
three main hospitals. Eligibility criteria were (De Onis et al, 2001): 1) the mothers 
were living in the urban area of Pelotas, were non-smokers and were willing to 
breast-feed; 2) the babies were single births, gestational age was between 37 and 
42 weeks and the post-natal stay at the intensive care unit was <24 hours; 3) 
family income was more than 800 R$ (reais). (At the time of the MGRS R$ 800 
was equivalent to about USD 800; at the time of the study this was USD 500 due 
to currency devaluation). Mothers who introduced formula or cow milk during 
the first 14 days after birth and those who started smoking during this period 
were excluded from participation. 
Quality control of the screening was done in each hospital for one whole day 
every three weeks throughout the screening process.  
The study was approved by the ethical committee of the Universidade Federal 
de Pelotas, and informed consent was given by the parents. At the end of the 
study a letter mentioning the volume of breast milk intake of their baby during 
the period of observation was sent to the mothers for their information. 
 
Classification criteria for infant feeding 
Consumption of non-breast milk liquids and complementary foods was assessed 
using a food frequency and amount questionnaire (FQ). This questionnaire was 
applied during the last day of the deuterium study, and mothers were asked to 
recall the number of days water, tea, juice, fruits, and solids had been given 
during the 14 days of the study. In addition, mothers estimated the volume of 
non-breast milk liquids, and reported the portion of a fruit and number of 
spoons of solid foods eaten during a meal. On the basis of this questionnaire, 
infants were classified by feeding pattern criteria during the 14 days of the 
study. These were (WHO, 1998b): (1) breast milk only (i.e., exclusively breast-
fed) – EBF; (2)  breast milk with teas, water or juice given on at least three days a 
week (i.e., predominantly breast-fed) – PBF; (3) breast milk with formula or cow 
milk given every day - BM+FM/CM; (4) breast milk + complementary foods 
given on at least three days a week - BM+CF; (5) breast milk plus formula or cow 
milk given every day and complementary foods given at least three days a week 
- BM+CF+FM/CM. Breast-fed children who received teas, water, or other milk on 
an occasional basis were considered as EBF. For some statistical analyses, data 
were pooled from babies from the last three categories, and will be referred to as 
partially breast-fed (PartBF). 
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The records were coded by the field workers, and checked by a medical student 
for quality control.  
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Macronutrient intake 
The volume of intake of water, tea, juice, formula and cow milk was estimated 
using the above-mentioned FQ. For this study, estimation of macronutrient 
intake was restricted to EBF, PBF and BF+CM/FM infants. Intake of energy 
(kJ/d), protein (g/d), fat (g/d), and carbohydrates (g/d) from tea, juice, cow milk 
and formula was estimated using a Brazilian food composition table (Instituto 
Brasileiro de Geografia e Estatística, 1981). Macronutrient intake from breast 
milk was calculated using data on breast milk composition as given by WHO 
(WHO, 1998a). For energy this was 67 kcal/100 ml.  
 
Measurements of breast milk intake  
Breast milk intake was measured using the dose-to-the-mother deuterium-oxide 
turnover technique (Butte et al, 1988; Coward et al, 1982; Orr-Ewing et al, 1986). 
This technique also allows estimation of non-breast milk water intake, and the 
mother’s body composition. A baseline sample of 2 ml of saliva from the mother 
and a urine sample from the child were collected on day 0, after which the 
mother received an oral dose of 10 g (0.5 mole) 2H2O, the quantity being 
determined to the nearest 0.01 g using an analytical Sartorius scale. A further 3 
saliva samples from the mother (days 1,4,14) and another 5 urine samples from 
the baby (day 1,3,4,13,14) were then collected over a 14 days’ period. Saliva 
collection was done after having been assured that the mother did not eat or 
drink in the previous 0.5h. The time of collection was recorded. Small pieces of 
cotton wool were used to collect saliva samples (2 ml), after which saliva was 
released by compressing them in a syringe. For urine collection, urine samples (2 
ml) were obtained as described elsewhere (Roberts & Lucas, 1985). Cotton wool 
balls were placed in clean diapers that were then checked every 10 minutes. 
After urination the sample was collected from the cotton wool by compression in 
a syringe. Urine and saliva samples were stored on ice during transport on the 
days of field work, and were stored in the field workers’ home freezer at the end 
of the day. When one week’s samples had been collected they were brought to 
the laboratory and stored at –20 °C until the end of the study. At the end of the 
study all samples were sent by air to UK unfrozen. 
 
2H analysis 
2H enrichment in the saliva and urine samples was measured by isotope ratio 
mass spectrometry after equilibration with H2 gas as described elsewhere 
(Hoffman et al, 2000b). Each sample was measured in duplicate. Precision of the 
measurements was 0.26 ppm. 
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Calculations 
Intake of breast milk and water from non-milk sources was calculated by fitting 
the isotopic (tracer) data to a model for water (tracee) turnover in the mothers 
and infants and the transfer of milk from mother to the baby (Coward et al, 1982; 
Orr-Ewing et al, 1986). 
 
For the mother, data was fitted to: 

tK
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where Em(t) is isotopic enrichment above background at time t (ppm), Em(0) is the 
zero time isotope enrichment (ppm), t is time post-dose (d) and Kmm is water 
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where Eb(t) is isotopic enrichment above background at time t (ppm), Fbm is the 
transfer of water from the mother to the baby via breast milk (kg/d), Vb is the 
infant’s total 2H2O distribution space (kg) and Fbb  is total water loss in the baby 
(kg/d). 
Curve fitting was performed by using the “Solver” function in Excel®  to 
minimise the sum of the squares of the differences between observed and fitted 
values for mother and baby data combined. Parameters fitted were Em(0), Fbm,  Kmm 
and Fbb. Vb  was assumed to change linearly with weight (W, kg) during the 
experimental period and was related to infant W as: 
 

82.084.0 WVb =  

 
Subsequent calculations and their basis are defined in Table 1.  
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 Anthropometry 
Weight and length of each baby was measured at birth by the medical and 
nursing students who did the screening interviews. At day 0 and 14 of the 
deuterium study the baby was weighed by trained field workers responsible for 
the urine and saliva collection. Length was measured at 120 days by field 
workers responsible for the follow-up visits. The infants were weighed without 
clothes using a portable electronic UNICEF scale accurate to 0.1 kg. Length was 
measured using a standardised anthropometer (AHRTAG baby length 
measures: London, UK). 
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Table 1. Calculations and assumptions used for calculating breast milk intake. 

Parameter Calculation Origin 

Breast milk intake (M) 

 

Total water input derived from breast milk 

(Fm) 

 

Water gained in growth during the 

experimental period (Fg ) 

 

Total water output from the baby (Fob) 

 

 

Non-oral water intake in the infant (Fa) 

 

 

Non-milk oral (supplement) water intake (Fs) 

M = Fbm /0.871 

 

Fm = Fbm+0.09M 

 

 

Fg = (Vb,14d-Vb,0d)/14 

 

 

Fob = Fbb/0.9915 

 

 

Fa = 0.063M 

 

 

Fs = Fob- Fm- Fa + Fg 

Breast milk is 87.1% water (Holland et al, 1991) 

 

The water in breast milk and the water of oxidation of milk solids. These give 

about 9 g water/100g breast milk. 

 

Calculated from the changes in Vb 

 

 

A correction for isotopic fractionation assuming that 15% of the infants’ water 

losses were fractionated 

 

Water exchange between atmospheric and mainly alveolar water is estimated as 

6.3% of milk intake (Wells & Davies, 1995a) 

 

Water input (Fs + Fm+ Fa ) equals water output plus water from growth (Fob + Fg) 

 

 



  

Mothers were weighed at day 0 of the deuterium study without shoes but with 
clothes using the same UNICEF scale, and maternal weight was calculated as the 
difference between the weight with clothes and the weight of clothes. Maternal 
height was measured to the nearest mm using a locally developed portable 
stadiometer. Maternal body mass index was calculated from: weight (kg)/ length 
(m)2.  
 
Maternal body composition 
The same dose of 0.5 M deuterium-oxide given to the mother for measuring 
breast milk intake, also served to measure maternal total body water. Zero time 
isotope enrichment (ppm) in the mothers was estimated as the intercept of the 
fitted maternal isotopic disappearance curve and pool size (ND, kg) calculated 
from this dilution of the dose.  Pool size was corrected for non-aqueous isotopic 
exchange to give total body water, fat free mass was calculated using a 
hydration coefficient of 73% (International Atomic Energy Agency, 1990), and fat 
mass as the difference between body weight and fat free mass i.e.,: 
Total body water (kg) = ND/1.04 
Fat free mass (kg) = total body water/0.73 
Fat mass (kg) = Body weight - fat free mass 
  
Sample 
To detect a 100 g/d difference in breast milk intake between exclusively versus 
predominantly breast-fed infants as statistically significant, assuming a standard 
deviation of 130 g/d the study required 27 mother-infant pairs in each group (to 
a total of 54 infants). These calculations assume a Type I error (alpha) of 5%, 
two-tailed, and a Type II error (beta) of 20%, that is, a statistical power of 80%. 
The standard deviation of 130 g/d used in the calculations was based on earlier 
studies that found a similar or lower SD (Butte et al, 1988; Infante et al, 1991; 
Lucas et al, 1987; Vio et al, 1991). 
Given the expected rates for discontinuing breast-feeding in the intervention and 
control groups, only about 30% of those recruited would be exclusively or 
predominantly breast-fed at 4 months. It was decided then that about 180 
eligible newborn infants should be recruited.  
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Figure 1 shows how the final participants were obtained. A total of 2640 mothers 
were interviewed at birth to provide a sample of 188 mothers eligible for the 
study. As in the MGRS, the main reason for exclusion was low income. Mothers 
were next randomised to receive or not receive lactation counselling (Albernaz et 
al, 2003), this was later taken into account in the analysis. During follow-up 
another 47 mother-infant pairs were excluded from participation; 26 mothers did 
not want to participate and 21 did not meet eligibility criteria mainly because of 
the introduction of other milk before 14 days. Of the remaining 141 mother- 
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Calculations of macronutrient intake were restricted to infants receiving liquid 
foods only in addition to breast milk, i.e., infants from the categories EBF, PBF, 
and BM+FM/CM. From one PBF infant volumes of intake were not known, 
therefore the total number of infants for the calculation of macronutrients was 
done in 61 infants. 
 
Statistical analysis 
Differences between feeding patterns were studied using a t-test for independent 
samples, or where n<5 Mann-Whitney’s U-test was used (SPSS software 
package). Factors considered as potential confounding variables were lactation 
counselling, maternal age, maternal weight, maternal height, maternal body 
mass index, maternal fat mass, maternal lean body mass, percentage body fat, 
maternal education, type of birth (normal or Caesarean), parity, sex of the child, 
birth weight, length at birth. A factor was considered to be a possible 
confounder if: (1) its association with the feeding pattern variables had a p-value 
<0.20, (2) if the association (using Pearson correlation coefficient) with the 
outcome variables (i.e., breast milk intake, and intake of non-breast milk water) 
also had a p<0.20, (3) if the factor was known not to be part of the causal chain 
between feeding pattern and the outcome variables (Rothman & Greenland, 
1998). Multiple linear regression analysis was then used to study the effect of the 
possible confounder on the outcome variable. A factor was considered as a 
definite confounder if its inclusion in the equation led to a change of 10% or 
more in the crude difference between feeding pattern groups. 
 
 
RESULTS 
 
Classification of feeding pattern 
At the time of the deuterium study 35 infants were designated as EBF, 16 as PBF 
and 19 as PartBF on the basis of the questionnaires. PartBF infants were 
subdivided into three sub-categories: breast-feeding and receiving formula or 
cow milk (BF+FM/CM: 11 infants, of those only one infant received cow milk); 
breast-feeding and receiving complementary foods (BF+CF: 3 infants), and 
breast-feeding, receiving complementary foods, and formula or cow milk 
(BF+FM/CM+CF: 5 infants). 
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Description of mother-infant pairs 
Table 2 presents characteristics of mother-infant pairs by feeding pattern. Of the 
infants included in the study, 38 were male, 32 female. The average age of the 
mothers was 28.4 years. Mothers who were predominantly breast-feeding were 
significantly younger than exclusively breast-feeding mothers (PBF, 24.6 years 
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Table 2. Characteristics of mother-infant pairs by feeding pattern. 

 EBF  
(n=35) 

PBF 
(n=16) 

PartBF 
(n=19) 

Total  
(n=70) 

Age of the mother (years) 
Parity 
Years of education mother 
Family income (reais) 
Family income (no. of minimum salaries) 
Mother’s height (cm) 
Mother’s weight at 4 mo. (kg) 
Mother’s body mass index at 4 months (kg/m2) 
Mother’s % body fat at 4 months  
Baby’s birth weight (kg) 
Baby’s length at birth (cm) 
Baby’s weight at 4 months (kg) 
Baby’s length at 4 months (cm) 
Weight for length (%) 
Sex ratio (male/ female) 
Lactation support (yes/ no) 
Type of birth (normal/ Caesarean) 

30.0 (5.0)§ 
2.1 (2.0) 

11.1 (3.3) 
1465.86 (1175.14) 

10.8 (8.6) 
159.1 (6.4) 
62.7 (9.3) 
24.8 (3.5) 
33.8 (6.1) 

3.2 (0.4) 
48.4 (1.7) 
6.6 (0.9) 

63,3 (2,1) 
55,7 (29,8) 

19/ 16 
22/ 13 
18/ 17 

24.6 (6.1)  

1.8 (0.9) 
11.4 (2.5) 

1416.50 (802.45) 
10.4 (5.9) 

160.3 (5.5) 
58.3 (6.9) 

22.9 (2.7)  

30.8 (9.3) 
3.2 (0.3) 

48.8 (2.2) 
6.4 (0.6) 

63,5 (2,5) 
52,6 (28,1) 

12/ 4 
7/ 9 

10/ 6 

28.5 (5.6) 
2.0 (0.9) 

11.2 (3.0) 
1730.58 (993.82) 

12.7 (7.3) 
158.5 (5.3) 
65.7 (11.3) 
26.2 (4.8) 
37.3 (7.2) 
3.1 (0.3) 

48.5 (1.5) 
6.5 (0.6) 

62,7 (1,8) 
59,2 (28,2) 

7/ 12 
9/ 10 
7/ 12 

28.4 (5.8) 
2.0 (1.0) 

11.2 (3.0) 
1526.43 (1046.06) 

11.2 (7.7) 
159.2 (5.9) 
62.5 (9.7) 
24.7 (3.9) 
34.0 (7.5) 
3.2 (0.3) 

48.5 (1.8) 
6.5 (0.7) 

63,1 (2,1) 
56,0 (28,7) 

38/ 32 
38/ 32 
35/ 35 

EBF=exclusively breast-fed; PBF=predominantly breast-fed; PartBF=partially breast-fed. 
§means and standard deviations. 
Significantly different from EBF: p<0.05, p<0.001. 

 



 
Figure 1. Sampling scheme of mother-infant pairs included in the study. 
 
 
infant pairs 115 were still eligible and breast-feeding at 4 months; the first 78 of 
them were recruited to the breast milk intake study. Eight mothers did not take 
part because they either refused (six subjects) or were not available at the time. 
This resulted in 70 mother-infant pairs but the required number of 27 PBF 
mothers was not reached so from the remaining mothers that were eligible and 
breast-feeding at 4 months, only the PBF mothers were asked to participate. This 
resulted in another two PBF mothers being added and a total of 72 mother-infant 
pairs participating in the study. At the stage of analysis, two mother-infant pairs 
were excluded. In one case the baby was breast-fed by both the mother and an 
aunt and in the second mother-infant pair the baby stopped breast-feeding 
during the deuterium study. The results on breast milk intake are therefore 
based on a total of 70 mother-infant pairs. A criterion of five standard deviations 
above or below the mean was used to identify outliers. No subjects had to be 
excluded for that reason.  
As follow-up of the babies was done at regular intervals, descriptive data on the 
eight dropouts were readily available, and a comparison was made with the 
mother-infant pairs included.  
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and EBF, 30.0 years; p=0.001). On average, parity was 2.0, with 1.8 life-born 
infants. Generally both the father and the mother had completed second grade 
schooling (i.e.,, 11 years of education), and family monthly income averaged R$ 
1526 (about USD 970), or 11.2 times the minimum salary for Brazil (R$ 135). 
Mean weight of the mothers at 4 months after giving birth was 62.5 kg, and there 
were no significant differences for PBF and PartBF compared to EBF (EBF versus 
PBF, p=0.137 and EBF versus PartBF, p=0.294). In contrast, body mass index was 
highest in partially breast-feeding mothers, and decreased in exclusively and 
predominantly breast-feeding mothers (PartBF, 26.2; EBF, 24.8; PBF, 22.9). The 
difference between EBF and PBF was significant (p=0.05). Similarly, percentage 
body fat appeared to be highest in partially breast-feeding mothers, although the 
difference compared to exclusively breast-feeding mothers did not reach 
significance (p=0.06). Mean birth weight was 3.2 kg and mean length at birth was 
48.5 cm. On average babies participated in the study from 108 to 122 days of age, 
mean weight was 6.5 kg, they measured on average 63.2 cm, and they were on 
the 56th percentile for weight-for-height. In the EBF and PBF feeding category, 
the male to female ratio was > 1, whereas for the PartBF group, the number of 
males was smaller than the number of female infants.  
The 8 drop-outs differed from the 70 mother-infant pairs included in that they 
were older (33.3 versus 28.4 years; p=0.023), had more schooling (14.3 versus 11.2 
years; p=0.007), higher income (18.2 versus 11.2 minimum salaries; p=0.025), and 
all of them had their babies by Caesarean birth (p=0.007). From six of them food 
intake data were available at 4 months: one infant was EBF, 2 were PBF, 2 were 
PartBF and one was BF+CM/FM.  
 
Confounding variables  
Maternal age, maternal body mass index, maternal fat mass and percentage 
body fat were found to be different (p<0.20) between EBF and PBF, and also 
associated (p<0.20) with breast milk intake. Multiple linear regression showed 
that only maternal age and body mass index resulted in a >10% change in the 
crude difference in breast milk intake between feeding pattern groups. These 
confounding variables were included in the subsequent analysis. None of the 
potential confounding factors were associated with intake of non-breast milk 
water. For the comparison between EBF and PartBF infants, none of the 
proposed factors studied fulfilled the criteria for confounding. 
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Breast milk intake  
Means and 95% confidence intervals of intake of breast milk and non-breast milk 
water (that is the water content of other liquids or foods), and total intake by 
food pattern are given in Table 3. Breast milk intake decreased from EBF to PBF 
to PartBF (EBF, 815 g/d; PBF, 763 g/d; PartBF, 603 g/d). There appeared to be a 
small difference favouring the EBF group (53 g/d), but this was not statistically 
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Table 3. Intake of breast milk and other liquids by feeding pattern, means and 95% confidence intervals. 

Reported feeding pattern1 N Breast milk intake (ml/d) p-valuea Non breast milk water 

intake (ml/d) 

p-value Total water intake  

(ml/d) 

p-value 

EBF  

PBF  

PartBF  

- BM+FM/CM 

- BM+CF 

- BM+FM/CM+CF 

All infants 

35 

16 

19 

11 

3 

5 

70 

806 (753-859)b,c 

778 (714-842)b 

603 (473-734) 

585 (357-812) 

729 (470-987) 

569 (378-761) 

746 (696-800) 

- 

0.590 

0.004 

0.050 

0.401 

0.005 

- 

10 (0-21) 

134 (53-216) 

395 (225-566) 

536 (267-806) 

57 (-158-273) 

288 (251-325) 

143 (82-204) 

- 

0.005 

0.000 

0.001 

0.401 

0.005 

- 

720 (675-766) 

799 (700-897) 

921 (754-1087) 

1046 (772-1319) 

692 (646-738) 

784 (625-942) 

889 (831-947) 

- 

0.091 

0.024 

0.025 

0.714 

0.318 

- 

1EBF=exclusive breast-feeding; PBF=predominant breast-feeding; PartBF=partial breast-feeding; BM+FM/CM=breast milk + formula or 
cow’s milk; BM+CF=breast milk + complementary foods; BM+FM/CM+CF – breast milk + formula or cow’s milk + complementary foods. 
ap-values are compared to EBF. 
bvalues are adjusted for confounders (maternal age, maternal body mass index). 
cmeans and 95% confidence intervals. 

 



  

significant (p=0.26). Maternal age was a positive confounder, i.e., it decreased the 
difference in breast milk intake between EBF and PBF from 53 to 22 g/d (p=0.66); 
body mass index was a negative confounder, and augmented the difference to 58 
g/d (p=0.23). Adjusted for both confounders, the difference was 28 g/d (p=0.59), 
with adjusted means of breast milk intake of EBF and PBF of 806 g/d (95% CI 
753-859 g/d) and 778 g/d (95% CI 714-842 g/d) respectively. In EBF infants intake 
of other liquids was 10 g/d, with a 95% confidence interval of 0-21 g/d, i.e., not 
significantly different from zero (p=0.08). Intake of other liquids increased in PBF 
and PartBF (PBF, 134 g/d; PartBF, 395 g/d). Compared to EBF these differences 
were highly significant (EBF versus PBF, p=0.005 and EBF versus PartBF, 
p<0.001). In addition, total water intake (being a proxy for energy intake) was 
different between EBF compared to PartBF infants (EBF, 720 ml/d; PartBF, 921 
ml/d, p=0.024). Data were also normalised for body weight of the baby, using: 
breast milk intake (g)/ W0.77 (kg)  (Drewett & Amatayakul, 1999). The overall 
mean was 176 g/kg0.77/d, and was highest in EBF (190 g/kg0.77/d). Comparisons 
between the groups on this basis were not different from the non-normalised 
data. We found a positive association between weight for height and weight for 
age percentiles and breast milk intake (r2=0.28, p=0.018, and r2=0.38, p=0.001 
respectively). However, no associations were found between infant size and 
intake of non-breast milk liquids. Pearson’s correlation coefficient between the 
time (months) since introduction of formula or cow milk and breast milk intake 
was calculated for those infants receiving other milk (BF+FM/CM or 
BF+FM/CM+CF, n=16). The association was poor (r2=-0.07, p=0.80).  
 
Figure 2 demonstrates the extent to which breast milk was replaced by intake of 
other liquids. Consumption of water, tea, juices or complementary foods (i.e.,  
had little effect on breast milk intake. In contrast, introduction of formula or cow 
milk did partially replace breast milk intake (see also Table 3). 
 
Macronutrient intake 
Table 4 presents results on macronutrient intake by feeding group. Energy 
intake of EBF infants was calculated to be 82.6 kcal (347 kJ)/kg/d. Macronutrient 
intake was very similar between EBF and PBF. Only protein intake was different 
between the two groups (1.3 and 1.4 g/kg/d; p=0.048). Energy intake of 
BM+CM/FM appeared to be higher than in EBF infants (100.0 versus 82.5 
kcal/kg/d), however, as a result of the large SD found in the BM+CM/FM group 
(32.2 kcal/kg/d) this difference did not reach statistical significance (p=0.11). 
Protein intake and carbohydrate intake were both significantly higher in 
BM+CM/FM compared to EBF infants (2.3 versus 1.3 g/kg/d, p=0.003; 11.7 versus 
9.4 g/kg/d, p=0.028). 
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Comparisons between groups using energy intake normalised for weight0.77 
(Drewett & Amatayakul, 1999) were not different from the non-normalised data.
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Table 4. Macronutrient intake by feeding pattern. 

   N Energy  

(kcal/kg/d) 

Protein  

(g/kg/d) 

Fat 

(g/kg/d) 

Carbohydrate  

(g/kg/d) 

EBF 

PBF 

BF + CM/FM 

35 

15 

11 

82.6 (78.9-85.8)a 

82.5 (74.8-88.9) 

100.0 (77.9-121.9) 

1.3 (1.2-1.4) 

1.4 (1.3-1.5)  

2.3 (1.7-2.8)  

4.8 (4.6-5.0) 

4.6 (4.2-5.1) 

5.2 (3.9-6.4) 

8.9 (8.6-9.3) 

9.4 (8.7-10.0) 

11.7 (9.3-14.0)  

ameans and 95% confidence intervals. 
*significantly different from EBF: p<0.05, p<0.005. 

 



  

 

 
 

Figure 2. Scatterplot of the association between intake of breast milk and non-breast 
milk water PBF)  
 
 
DISCUSSION 
 
The issue of replacement of breast milk intake was assessed in predominantly or 
partially breast-fed infants compared to exclusively breast-fed infants. The study 
was designed to use the same criteria as applied in the MGRS, aiming to assist in 
interpreting the MGRS results, and to give unique information on nutrient 
intake of 4-month old infants growing according to the new growth reference.  
Breast milk intake of EBF infants was on average 806 g/d, and we found no 
difference between EBF and PBF infants. Breast milk intake of PartBF was 
reduced to 74% compared to EBF infants. Intake of other liquids was negligible 
in EBF, and increased in PBF and PartBF infants. Total water intake was highest 
in PartBF infants, and calculated energy intake in the latter group tended to be 
20% higher than in EBF infants. 
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The study was embedded into a lactation counselling trial (Albernaz et al, 2003). 
Briefly, the outcome of the intervention was that mothers who were not 
counselled stopped breast-feeding earlier than those who were. However, within 
the group of breast-fed babies, there was no difference in feeding pattern, or in 
breast milk intake between infants from counselled and non-counselled mothers. 
Therefore, the intervention did not confound our results, and data did not need 
to be adjusted for participation in the lactation counselling trial.  
The number of infants that would be PBF at 4 months was estimated using data 
from a 1993 birth cohort, and the number of infants recruited at birth was based 
on this estimation. However, the rate of PBF apparently has reduced in the past 
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few years, resulting in a smaller number of PBF infants in our study than 
expected. Post-hoc calculation of statistical power given the numbers actually 
included and standard deviations found showed a power of 76% using a one-
sided test to detect a difference of 100 g/d in breast milk intake between 
exclusively versus predominantly breast-fed infants. Use of a one-sided test is 
justified because a priori it was expected that intake of other liquids would 
replace breast milk intake in PBF infants.  
Two factors confounded the relationship between feeding pattern and breast 
milk intake: maternal age was a positive confounder, and body mass index a 
negative one. Although the unadjusted difference between EBF and PBF could 
have been large enough (7% of daily intake) to have some impact on growth, 
adjusted for maternal age and body mass index the difference became small (3% 
of daily intake) and unlikely to affect growth. These findings are in line with 
those found by Victora et al (1998) and recently reviewed by the WHO Working 
Group on the Growth Reference Protocol (WHO, 2002) showing no difference in 
growth between EBF and PBF.  
Eight mother-infant pairs refused to participate. These mothers appear to have 
been a select group, as they were higher educated, had higher incomes, were a 
bit older and all of them had Caesarean birth. Only age of the mother was a 
confounder in our study, however, as they were evenly distributed among 
feeding groups, it is unlikely that the results have been biased by their refusal to 
participate. 
On the basis of our findings we make the following conclusions that are 
supportive of the methodology used in the MGRS: 1) intake of non-breast milk 
liquids of babies reported to be EBF is negligible, and 2) the difference in breast 
milk intake between EBF and PBF is small and statistically not significant. This 
finding suggests that EBF and PBF infants can be pooled for the construction of 
the growth reference, as their nutrient intake is virtually identical.  
One of the limitations of the study concerns its external validity. So that the 
results could be used for the interpretation of MGRS results, only mothers of 
high socio-economic status were included. Another typical characteristic of the 
participating mothers was that they tended to be overweight (but not obese) 
(Food and Nutrition Board (FNB), 2002), and this too may have affected breast-
feeding behaviour. It is possible that in other populations the introduction of 
other liquids or foods could have an effect on breast milk intake. An advantage 
of our stringent inclusion criteria was that important characteristics were the 
same between groups, for example birth weight and length, and also weight and 
length at 4 months, which was invaluable for the comparison between feeding 
groups. 
Our data further show that the introduction of cow milk or formula affects the 
level of breast milk intake, but it only partly replaces it. Consequently, the total 
milk intake (breast milk plus cow milk) of BM+CM/FM infants is significantly 
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higher than total intake of exclusively breast-fed infants. Total energy intake was 
estimated using a frequency questionnaire for the assessment of intake of non-
breast milk liquids. A comparison with the intake of non-breast milk water as 
obtained from the deuterium-oxide turnover method showed that the FQ tended 
to underestimate intake. Therefore our conclusion that total energy intake of 
BM+CM/FM is 20% higher than of EBF infants is conservative. Indeed, if 
quantities obtained from the deuterium-oxide turnover method are used to 
calculate energy intake the difference between EBF and BM+CM/FM infants 
becomes as large as 27%. Even though 20% is a considerable difference, it was 
not statistically significant due to the large variation within the BM+CM/FM 
group. On the macronutrient level, protein and carbohydrate intake appeared to 
have contributed most to the increased energy intake, and these differences were 
significant. It would be tempting to conclude that the BM+CM/FM infants were 
overfed, but alternatively energy requirements could have been higher in the 
latter group because of two possible mechanisms: 1) bioavailibility of nutrients 
from formula or cow milk is less than from breast milk; 2) BM+CM/FM infants 
may have higher energy requirements compared to EBF infants due to metabolic 
differences. Although there is substantial evidence that absorption of nutrients 
from breast milk is higher compared to formula or cow milk (Food and 
Nutrition Board (FNB), 2002), lower absorption alone could not have explained 
the large differences in macronutrient and energy intake found. The second 
mechanism seems to be a more plausible explanation of the differences in intake 
between EBF and BM+CM/FM found. In the latest review on energy 
requirements for infants (Butte, 1996), at 4 months an 11% difference between 
breast- and formula fed infants was described (Butte, 1996). We calculated total 
energy intake of EBF infants to be 347 kJ (82.6 kcal)/kg/d, which is the same as 
the suggested modified energy requirements of breast-fed infants by Butte 
(1996). Total energy intake of BM+FM/CM infants was 418 kJ (100 kcal)/kg/d, 
which is 20% above energy requirements for breast-fed and 9% above energy 
requirements for formula fed infants as given by Butte (1996).  
Breast-fed infants appear to have lower requirements than formula-fed infants 
(Butte, 1996), as has been shown from various studies on energy expenditure 
using the doubly labelled water method (Davies et al, 1990; De Bruin et al, 1998; 
Salazar et al, 2000). Butte et al (1990b) compared sleeping metabolic rate in 
breast- and formula-fed babies and found higher values in the latter group. The 
same author also found differences in sleep organization between formula or 
breast-fed infants (Butte et al, 1992). These metabolic differences between 
formula and breast-fed infants do not necessarily apply to our comparison 
between sub-groups of breast-fed infants, and earlier studies in Pelotas indicate 
that the surplus of energy is stored, resulting in increased weighed gain of 
partially compared to exclusively breast-fed infants during the first year of life 
(Victora et al, 1998). In our study at 4 months we did not find a difference in 
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weight or length between EBF and BM+FM/CM infants, but the latter tended to 
have a slightly higher weight for length than EBF and PBF infants. It is possible 
that more eminent differences will occur at a later stage during growth if feeding 
patterns are maintained. In fact, this different growth pattern between infants 
who are breast-fed or bottle-fed is among the primary reasons why WHO has 
undertaken the Multicentre Growth Reference Study to develop new growth 
curves based on infants who will be EBF or PBF until 4 to 6 months of life, and 
from that age will receive complementary foods in addition to breast milk 
(Dewey et al, 1995; WHO, 1994).  
Our data do suggest that intake of BM+FM/CM infants exceeds requirements. In 
a country in nutritional transition, as is Brazil, with an increasing prevalence of 
obesity (Mondini & Monteiro, 1997), energy intake above WHO 
recommendations is not desired, and there is a need for nutrition support 
directed particularly to mothers who are giving other sources of milk to their 
babies. Results from our parallel study on the impact of lactation counselling on 
breast milk intake (E. Albernaz, 2000, unpublished results) showed that lactation 
support increases the relative contribution of breast milk intake in this particular 
feeding group.  
Recently much attention has been given to the possible programming effect of 
high protein intake in early infancy and the development of obesity later on in 
life (Parizkova & Rolland-Cachera, 1997). The high protein intake of the 
BM+FM/CM infants may therefore be reason for concern. 
Although only three mothers were categorised as breast-feeding and giving 
complementary foods, it seems as if the introduction of such foods has little 
effect on breast milk intake. This seems to be in contrast to earlier findings 
(Heinig et al, 1993) but our numbers are too small to allow any conclusions. 
Summarizing, breast milk displacement by water, tea or juice is small in infants 
from mothers from high socio-economic class. Similarly displacement by other 
foods also seems to be small. Displacement by other milk is larger, but relatively 
high volumes of breast milk intake are still maintained. The high energy intake 
of this feeding category can eventually lead to obesity, a matter of growing 
concern during childhood in Latin America (De Onis & Blössner, 2000).  
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ANNEX II 

The 2H2O turnover method as a means to detect bias in 

estimations of intake of non-breast milk liquids in  

breast-fed infants 

 
Hinke Haisma, W Andrew Coward, Elaine Albernaz, Aluísio Barros, 
Cesar G Victora,  Antony Wright, G Henk Visser  
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abstract  O b j e c t i v e s :  (1) To investigate the utility of the measurement 
of non-breast milk water intake (NB-WI, ml/d) from isotopic 
data as a proxy of energy and macronutrient intake from 
complementary liquid food intake of breast-fed infants. NB-WI 
was measured using the dose-to-the-mother 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2H2O turnover 
method (NB-WIDO) and compared with NB-WI as calculated 
from FQ (NB-WIFQ) covering the same 14-day period. (2) To 
compare food, and macronutrient intake as obtained from the 
same frequency questionnaire (FQ) covering a 14-day period 
and a single 24-h recall. 
D e s i g n:  Cross-sectional community based study in 67 breast-
fed infants aged 4 months of age in urban Pelotas, Southern 
Brazil.  
M a i n  o u t c o m e  m e as u r e s :  (1) Bias in NB-WIFQ relative to 
NB-WIDO; (2) Bias in estimations of food and macronutrient 
intake of the 24-h recall relative to the average of 24-h recall and 
FQ. 
R e s u l ts :  The first two quintiles included negative values for 
NB-WIDO, and as NB-WIFQ  can only be null or positive, the bias 
of NB-WIFQ relative to NB-WIDO was towards overestimation in 
the 1st (p=0.001) and 2nd quintile (p=0.638). Bias was negative for 
the three highest quintiles, and within this group, 
underestimation by FQ was significant for the 3rd and 4th 
quintile (-57.4%, p=0.019, and -43.7%, p=0.019).  
In infants with an non-breast milk energy intakeFQ above the 
50th percentile (1.03 kcal/d), estimations of energy and 
macronutrient intake were not different between the two 
methods.   
C o n c l u s i o n s :  (1) NB-WIFQ appeared to be a good proxy for 
macronutrient and energy intake in breast-fed infants receiving 
other liquids. In infants with NB-WIDO>0, the method provides 
a useful tool for the detection of bias from FQ. (2) At the age of 
4 months an FQ covering a 14-d period and a single 24-h recall 
for estimations of complementary liquid foods provide similar 
results for food and macronutrient intake.  
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INTRODUCTION 
 
Assessment of dietary intake is essential for defining relationships between diet 
and health. For breast-fed infants, this means that the intakes of both breast milk 
and complementary foods need to be accurately measured. Breast milk intake 
can be measured by test weighing or calculated from water turnover measured 
using stable isotope labelled water (deuterium oxide, 2H2O). In the latter case 
isotope doses may be given either to the infant (Butte et al, 1983; Butte et al, 1991; 
Coward et al, 1979; Lucas et al, 1987) or to the mother (Butte et al, 1988; Coward, 
1984; Coward et al, 1982; Haisma et al, 2003; Orr-Ewing et al, 1986). A 
comprehensive review of comparisons between the isotope methods and test-
weighing (Scanlon et al, 2002) indicates that they give comparable results but in 
the case of the dose to the infant method appropriate corrections need to be 
made for environmental water influx. In contrast, the dose-to-the-mother 2H2O 
turnover method yields estimates for all water fluxes that contribute to water 
turnover in the baby. These include water from milk, and the water from non-
breast milk foods or liquids.   

Assessment of complementary feeding is a challenging task for several reasons: 
(1) infants eat small amounts of foods at frequent intervals; (2) they often spend 
time under the care of several different persons; (3) they are unable to complete 
questionnaires on their own. A number of methods have been used to estimate 
the intake of complementary foods, including direct weighing of foods 
consumed (de Bruin et al, 1998; de Kanashiro et al, 1990; Piwoz et al, 1994), or 
estimations from food diaries (Lanigan et al, 2001), frequency questionnaires 
(Nielsen et al, 1998), and 24-h dietary recall (Ferguson et al, 1994; Olinto et al, 
1995). Most widely used is the 24-h recall because of its practicability in field 
studies. However, this method may be affected by recall bias, and several 
authors have evaluated their validity against a reference method. The latter 
studies have compared the 24-h recall against food-weighing or the doubly 
labelled water method, and demonstrated both under- (Ferguson et al, 1994; 
Klesges et al, 1987; Livingstone & Robson, 2000), and over-estimation (Horst et al, 
1988; Olinto et al, 1995). In adults between-day variation can be quite large 
(Balogh et al, 1971; Beaton et al, 1979), and it is recommended that repeated 
recalls are obtained for assessment of usual intake. This may be less important in 
infants, as day-to-day variation of infants’ food intake is likely to be smaller 
(Kylberg, 1986), however, day-to-day variation was found to increase with the 
introduction of solids in infants 2 to 4 months of age (Black et al, 1983), and was 
also found to be larger in Indo-Asian (Harbottle & Duggan, 1994) as compared 
to Caucasian infants (Black et al, 1983). 
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In the present study, non-breast milk water intake as measured during a 14-day 
period using the dose-to-the-mother 2H2O turnover method (NB-WIDO) was 
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compared against non-breast milk water intake as calculated from an FQ 
covering the same 14-days (NB-WIFQ) in breast-fed infants aged 4 months of age. 
NB-WI was used as a proxy for macronutrient intake, and a bias in NB-WIFQ 
relative to NB-WIDO was interpreted as a bias in estimation of macronutrient 
intake from FQ. NB-WI included the metabolic water from oxidation of foods. A 
second objective was to compare the same FQ (covering a 14-day period) and a 
single 24-h recall for the estimation of intake of macronutrients from 
complementary liquid foods. This work was an ancillary part of a study on 
breast-milk and energy intake (Haisma et al, 2003).  
 
 
METHODS  
 
Subjects 
Mother-infant pairs were recruited at birth from three main hospitals in Pelotas, 
a city in the South of Brazil. Eligibility criteria were (de Onis et al, 2001): 1) the 
mothers were living in the urban area of Pelotas, were non-smokers and were 
willing to breast-feed; 2) the babies were single births, gestational age was 
between 37 and 42 weeks, and after birth they were not kept separate from their 
mother for more than 24 hours; 3) family income was greater than 800 reais per 
month (at the time the work was done this was equivalent to about USD 500 per 
month). Mothers who introduced formula or cows’ milk during the first 14 days 
after birth, and who started smoking during this period were also excluded from 
participation.  
NB-WIDO was measured in 70 infants, of whom 68 where recruited 
consecutively, and 2 predominantly breast-fed infants were selectively included 
because of their feeding pattern. A detailed sampling scheme can be found 
elsewhere (Annex I and Haisma et al, 2003). From two infants no data were 
available on the volume of liquids consumed using the FQ, and from one infant 
a 24-h recall was not obtained. A complete data set was available from 67 
infants, and analyses were based on that sample. 
 
Non-breast milk water intake (NB-WI) 
NB-WI (ml/d) was assessed using two methods: 1) the dose-to-the-mother 2H2O 
turnover method (reference method); 2) an FQ.  
 
1) Dose-to-the-mother 2H2O turnover method 
Breast milk intake was measured over a 14 days’ period and was initiated when 
the infants were on average 108 days of age (range 101 to 120 days). Details of 
the method are described elsewhere (Haisma et al, 2003), but in short the method 
included the administration of about 10 grams of deuterium to the mother (exact 
quantity determined to the nearest 0.01 g using an analytical Sartorius scale)  
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and sampling of saliva samples from the mother on day 0 (baseline), 1,4,14, and 
of urine from the baby on day 0 (baseline), 1,3,4,13,14. Samples were considered 
to represent the body water pool of the mother and the baby, and were sent to 
MRC Human Nutrition Research, Cambridge, UK for analysis. 2H enrichment 
was measured using isotope ratio mass spectrometry after equilibration with H2 
gas as described by Hoffman et al (2000).  Precision of the measurements was 
0.26 ppm. Curve fitting was performed by using the “Solver” function in Excel® 
to minimise the sum of the squares of the differences between observed and 
fitted enrichment values for mother and baby data combined. This procedure 
yields estimates for (1) the water flux from mother to baby (i.e., water from milk, 
including metabolic water from milk oxidation); (2) the water flux from non-
breast milk foods or liquids (i.e., non-breast milk water, including metabolic 
water from oxidation of foods and liquids (NB-WIDO)).  
Infants were divided into quintiles of NB-WIDO for discrimination between those 
who were not receiving any liquids or foods other than breast milk and those 
who were. In infants having no water intake from non-breast milk sources, 
random error will produce both negative and positive estimates of  NB-WIDO 
around a zero mean, and the first two quintiles included infants with negative 
NB-WIDO values. The cut-off of the first quintile was – 9.8 ml/d (n=13), of the 
second 15.8 ml/d (n=14), the third 63.4 ml/d (n=13), the fourth 288 ml/d (n=14), 
and the fifth quintile included infants with a NB-WIDO > 288 ml/d (n=13). 
 
2) Frequency questionnaire (FQ) 
NB-WIFQ (ml/d) over the 14 days’ period was calculated:  
NB-WIFQ (ml/d) = the water content of the daily food intake + daily metabolic 
water production from oxidation of food nutrients.  
The water content of foods was calculated using Brazilian food composition 
tables (IBGE, 1981). No information was obtained on the type of fruit or 
vegetable stew consumed, but in the calculations of water intake we used the 
average food composition data of most commonly consumed fruits (i.e., banana, 
apple, papaya), and for vegetable stew we used the average composition of 
pumpkin, potato, and carrot. Metabolic water from the oxidation of foods was 
calculated by assuming that 1 g of fat, protein and carbohydrate yield 1.07, 0.41, 
and 0.55 g metabolic water, respectively (Bergmann et al, 1974). Deposition of 
nutrients in growth rather than complete oxidation was ignored, as corrections 
would have been trivial.  
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Food and macronutrient intake 
Food and macronutrient intake were assessed in the same children using 1) an 
FQ (reference method); 2) a 24-h recall. 
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1. Frequency questionnaire (FQ) 
On the last day of the deuterium study, when the infants were on average 122 
days old (range 115-134 days) an FQ was administered. Mothers were asked to 
recall the number of days water, tea, juice, fruits, and solids had been given 
during the entire 14d study. In addition, mothers estimated the volume of non-
breast milk liquids, and reported the intake of fruits (whole, half, one third, etc) 
and solid foods (in table spoons). The weight of a fruit or solid was calculated 
from these units using standardised Brazilian tables. No information was 
obtained on the type of fruit or composition of the vegetable stew consumed, 
and weights of intake of solids are presented only to show that intake was 
negligible in these infants.  
Infants were classified by energy intake as measured using FQ. A comparison 
with 24-h recall was made only for those infants with an energy intake from 
non-breast milk sources above the 50th percentile (1.03 kcal/d), as below that 
infants would be receiving no other liquids or foods in addition to breast milk. 
33 infants had an energy intake lower than 1.03 kcal/d, and 34 had an energy 
intake higher than the cut-off. 
 
2. 24-h recall 
When the infants were on average 122 days of age (range 115-129 days), a 24-h 
recall was used to assess the frequency of intake of complementary foods. For 
liquid foods the volume of intake was also estimated using household measures. 
No quantitative information was obtained on the intake of fruits and solids. 
Macronutrient intake from liquid foods was calculated using a Brazilian food 
composition table (IBGE, 1981). The 24-h recall was used within a time frame of 
8 days before, until 14 days after the FQ. 
 
Statistical analysis 
Food and macronutrient intakes were not normally distributed, and differences 
between methods were therefore tested using a Wilcoxon signed rank non-
parametric test for paired samples (SPSS 11.00 software package). 
Bias of the FQ relative to the 2H2O turnover method for estimation of NB-WI was 
calculated using the technique of Bland and Altman (Bland & Altman, 1986). The 
2H2O turnover method was considered to be superior to the FQ, and the Bland & 
Altman method was therefore slightly adapted in that the difference in NB-WIFQ 
and NB-WIDO was plotted against NB-WIDO rather than against the average of 
NB-WIFQ and NB-WIDO. Mean differences and the limits of agreement (mean 
differences ± 2 * standard deviation) are presented in the tables. Bias of the FQ 
relative to the 2H2O turnover method was calculated as follows: 
Bias FQ (%) =  (NB-WIFQ - NB-WIDO) * 100% /  NB-WIDO
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For the comparison of FQ and 24-h recall, the Bland & Altman method was used 
unchanged (i.e., plotting the average of FQ and 24-h recall against the difference 
between the two methods) (Bland & Altman, 1986). Bias of the 24-h recall 
relative to the average of FQ and 24-h recall was calculated from: 
Bias 24-h recall (%) = (macronutrient24-h - macronutrientFQ) * 100% / 
((macronutrient24-h + macronutrientFQ)/2) 
 
The effect of order of application of 24-h recall and FQ on energy and 
macronutrient intake was studied using a Kruskal-Wallis non-parametric test for 
comparison of multiple independent samples. 
 
Ethics 
The study was approved by the ethical committee of the Universidade Federal 
de Pelotas, affiliated with the National Commission on Research Ethics of the 
Brazilian Ministry of Health, and a written informed consent was given by the 
parents.  
 
 
RESULTS 
 
Sample 
Table 1 presents characteristics of mother-infant pairs.  
 
Table 1. Characteristics of mother-infant pairs (n=67).  

Mean (sd) 

Age of the mother (years) 

Parity 

Maternal education (years) 

Family income (reais per month) 

Family income (no. of  minimum salaries) 

Mother’s height (cm) 

Mother’s weight at 4 months (kg) 

Mother’s percentage fat 

Baby’s birth weight (kg) 

Baby’s length at birth (cm) 

Baby’s weight at 4 months (kg) 

Baby’s length at 4 months (cm) 

Sex ratio (male/ female) 

28.4 (5.9)* 

2.0 (1.0) 

11.2 (3.1) 

1535 (1069) 

11.3 (7.9) 

159.2 (5.9) 

62.3 (9.6) 

33.6 (7.0) 

3.2 (0.3) 

48.4 (1.7) 

6.7 (0.8) 

63.1 (2.1) 

36/ 31 
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Figure 1. Scatterplot of NB-WI as measured with deuterium-oxide and FQ. Drawn line 
represents the association between deuterium-oxide turnover method and FQ. 
 
 
Comparison of NB-WIFQ and NB-WIDO  
Figure 1 shows a scatter plot of NB-WIFQ  and NB-WIDO. Spearman’s rho was 
0.735 (p=0.000). Means, standard deviations, and ranges are presented in Table 2, 
and Table 3 shows absolute and relative biases, and limits of agreement. The first 
two quintiles included negative values for NB-WIDO, and as NB-WIFQ  can only be 
positive, the bias of NB-WIFQ relative to NB-WIDO was towards overestimation by 
110 and 44.6% in the 1st and 2nd quintile respectively. Bias was negative for the 
three highest quintiles, and within this group, underestimation by FQ was 
significant only for the 3rd and 4th quintile (-57.4%, p=0.019; -43.7%, p=0.019).  
 
Table 2. Comparisons of NB-WIFQ  and NB-WIDO (ml/d). 

 FQ (ml/d) 2H2O turnover method (ml/d) p-value 

Quintile Mean SD Range Mean SD Range  

< -9.8 ml/d  

<15.8 ml/d  

<63.4 ml/d 

<288 ml/d  

≥ 288 ml/d  

All infants 

2.6 

6.8 

9.8 

105 

404 

104 

4.0 

16.1 

21.9 

113 

263 

197 

0 - 10.8 

0 – 48.6 

0 – 74.2 

0 – 389 

18.5 – 817 

0 - 817 

-25.5 

4.7 

35.7 

156 

542 

141 

15.5 

8.7 

14.7 

76.0 

352 

259 

-58 - -10 

-10 – 15 

18 – 60 

64 – 284 

294 – 1306

-58 - 1306 

0.001 

0.638 

0.019 

0.019 

0.279 

0.135 
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Table 3. Absolute, and relative bias and limits of agreement of NB-WIFQ versus NB-
WIDO. 

NB-WIDO Bias (ml/d) Limits of agreement (ml/d) Bias  (%) 

< -9.8 ml/d (n=13) 

<15.8 ml/d (n=14) 

<63.4 ml/d (n=13) 

<288 ml/d (n=14) 

≥ 288 ml/d (n=13) 

All infants 

28.1 

2.1 

-25.8 

-51.1 

-138 

-36.7 

31.7 

38.4 

58.8 

133 

758 

349 

110 

44.6 

-72.3 

-32.8 

-25.5 

-26.0 

 
 
Figure 2 illustrates that underestimation was systematic in the lower range of  

NB-WIDO, and that with higher NB-WIDO bias was more randomly distributed. 
 
NB-WIDO as a proxy of macronutrient intake 
Figure 3 shows the association between NB-WIFQ and energy intake from non-
breast milk liquids as measured with FQ. Spearman’s rho was 0.973 (p=0.000). 
The association with protein, carbohydrate was of the same magnitude (r=0.968, 
p=0.000; r=0.979, p=0.000). The association with fat intake was slightly lower 
(r=0.748, p=0.000). 
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Figure 2. Bias of the FQ method (%) relative to the deuterium-oxide turnover method 
for measurement of NB-WI (ml/d). 
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Figure 3. Scatterplot of the association between NB-WIFQ and energy intake as 
measured with FQ. 
 
 
Comparison of 24-h recall versus FQ  
Of the 67 infants, 34 had an energy intake from non-breast milk sources above 
the 50th percentile (1.03 kcal/d), and comparisons between FQ and 24-h recall are 
restricted to those infants. Mean energy intakeFQ of infants below the 50th 
percentile was 0.06 (SD 0.15) kcal/d, and above the 50th percentile energy intakeFQ 
was 118 (SD 162) kcal/d. Figure 4 shows a scatter plot of energy intakeFQ versus 
energy intake24-h. Spearman’s rho was 0.885 (p=0.000). FQ and 24-h recall did not 
differ in their estimations of food (Table 4) or macronutrient intakes (Table 5 and 
6), and bias was not significant. Table 4 also shows that intake of fruits and 
solids was very low in these infants. 
 

 
Figure 4. Scatterplot of energy intake (kcal/d) as measured with FQ and 24-h recall. 
Drawn line represents the relationship between FQ and 24-h recall. 
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Table 4. Comparisons of sample means of intakes of food as measured with a 24-h 
recall and FQ (n=34). 

 24-h recall FQ   

Food Mean SD Range Mean SD Range 
Bias (% 

mean) 
p-value 

Water (ml/d) 

Tea (ml/d) 

Juice (ml/d) 

Milk (ml/d) 

Fruits (unit/d) 

Solids (spoons/d) 

7.9 

31.0 

25.2 

147 

-- 

-- 

23.3 

54.6 

51.9 

230 

-- 

-- 

0-100 

0-240 

0-230 

0-800 

-- 

-- 

3.8 

34.4 

29.4 

149 

0.15 

0.06 

11.6 

51.6 

49.4 

235 

0.38 

0.30 

0-60 

0-240 

0-180 

0-800 

0-2 

0-1.7 

71.0 

-10.3 

-15.4 

-1.1 

-- 

-- 

0.507 

0.768 

0.501 

0.556 

-- 

-- 

 

 

The infants were evenly distributed between those in whom the 24-h recall was 
applied before (n=11), on the same day (n=9), or after the FQ (n=14), and there 
was a tendency for 24-h recall to give higher values of energy and macronutrient 
intake as compared to FQ in the first two categories, and lower values in the 
latter. This trend was significant only for carbohydrates (p=0.038). 
 

Table 5. Comparison of sample means for intake of energy and energy-yielding 
nutrients from non-breast milk liquids (n=34). 

 24-h recall  FQ  

Nutrient Mean SD Range Mean SD Range p-value 

Energy (kJ/d) 

Energy (kcal/d) 

Protein (g/d) 

Fat (g/d) 

Carbohydrate (g/d) 

27.2 

6.5 

4.1 

4.4 

16.3 

37.5 

9.0 

5.3 

6.9 

19.4 

0-128 

0-30.6 

0-17.6 

0-24.0 

0-63.3 

28.2 

6.8 

4.0 

4.5 

17.5 

38.7 

9.2 

5.3 

7.0 

20.3 

0.2-130 

1-31.1 

0-18.5 

0-24.0 

0.34-67.3 

0.235 

 

0.908 

0.556 

0.448 
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Table 6. Absolute and relative bias and limits of agreement of 24-h recall versus FQ 
(reference) (n=34). 

Nutrient Bias  Limits of agreement  Bias  (% mean) 

Energy (kJ/d) 

Energy (kcal/d) 

Protein (g/d) 

Fat (g/d) 

Carbohydrate (g/d) 

-1.00 

-4.28 

0.06 

-0.04 

-1.22 

22.6 

94.4 

3.7 

3.7 

14.8 

-3.6 

 

1.5 

1.0 

7.2 

 

 
DISCUSSION 
 
In studies of food intake of breast-fed infants, both breast milk intake and intake 
of complementary foods need to be accurately assessed. While the adequacy of 
techniques available for measuring breast-milk intake has been subject to 
substantial recent assessment (Scanlon et al, 2002), very little information is 
available on accuracy in the measurement of complementary food intake 
although a variety of different techniques have been used, including direct 
weighing (de Bruin et al, 1998; de Kanashiro et al, 1990; Piwoz et al, 1994), food 
dairies (Lanigan et al, 2001), frequency questionnaires (Nielsen et al, 1998), and 
24-h recall (Ferguson et al, 1994; Olinto et al, 1995). 
In the present studies the relationship between water intake calculated from FQ 
data with that calculated from water turnover measurements made using an 
isotopic technique has been examined.  This shows that NB-WIFQ overestimates 
intake if NB-WIDO<0, and this reflects the fact that NB-WIDO can be negative, 
whereas a mother’s recall would only give positive or null intake values. In 
infants with a NB-WIDO>0, FQ seems to underestimate intake, but this was 
significant only for the 3rd and 4th quintile. Although a comparison was 
presented only for NB-WIFQ and NB-WIDO, NB-WI24-h and NB-WIDO were also 
compared, with very similar results. 
The validity of the dose-to-the-mother 2H2O turnover method for the assessment 
of NB-WI has been demonstrated by Infante et al (1991). They used formula milk 
labelled with exponentially decreasing doses of 2H2O  that represented milk from 
a 'pseudo mother' of exclusively bottle-fed infants. Unlabelled formula 
represented milk from other sources. Good agreement existed between mean 
NB-WI data obtained using weighted bottles, and 2H2O . At an individual level 
however, the 2H2O turnover method may either over- or underestimate NB-WI 
due to analytical errors or deviations from the model, and the negative values 
found in our study are obvious examples of underestimation.  
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Validation studies of food consumption have used food-weighing as the gold 
standard (Dop et al, 1994; Lanigan et al, 2001). Or alternatively, the DLW method 
has been used to compare with energy intake (Lanigan et al, 2001; Perks et al, 
2000). But to our knowledge, the 2H2O turnover method has not been used for 
this purpose before.  
The appropriateness of using NB-WI as a proxy of energy and macronutrient 
intakes depends on the association between water and nutrient intake, and this 
in turn depends on the accuracy with which water intake from foods can be 
estimated. In infants not yet receiving solid foods, NB-WIFQ appeared to be an 
excellent proxy of energy and macronutrient intakes, and the dose-to-the-mother 
2H2O turnover method proved to be a useful tool in the detection of bias from FQ 
in these infants.  
In studies where breast milk intake is measured using the 2H2O turnover 
method, data on intake of other foods are usually obtained from conventional 
food intake data. A comparison of NB-WI between the methods does not include 
any extra work or costs. Still, for interpretation of macronutrient intake 
including both breast milk and non-breast milk liquids, it can make an important 
contribution. 
Unfortunately however, the use of 2H2O for comparison of NB-WI cannot be 
extended to infants already receiving complementary foods. Although in theory, 
the method should also work in older infants, in another study (Haisma, 
unpublished results) we found that the association between energy intake from 
complementary foods and NB-WI measured with 1-day food weighing was 
poor, due to difficulties in estimating the water content of solids and prepared 
foods.  
A strength of the 2H2O turnover method (both for measurement of breast milk 
intake and NB-WI) is that it does not interfere with daily routine and activities, 
and that (for NB-WI) it covers consumption of foods at times when the infant 
was not under the direct supervision of the parent (or the person interviewed). 
This is difficult to achieve with any recall method. It is therefore not surprising 
that the 2H2O turnover method gives higher values for non-breast milk water 
intake than FQ.  
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The second objective of our study was to compare food and macronutrient 
intake as assessed using an FQ covering a 14d period and a single 24-h recall. In 
adults, repeated measurements are needed to obtain accurate estimates of 
macronutrient and energy intake (Balogh et al, 1971; Beaton et al, 1979), but in 
young infants this may be not be necessary due to smaller day-to-day variation 
in food intake (Kylberg, 1986). We found very similar results for a 14-d FQ and a 
single day 24-h recall, suggesting that indeed day-to-day variation of intake of 
complementary liquid foods is small in infants 4 months of age. 
A last comment concerns the external validity of the study. The mothers 
participating in this study were all from high socio-economic class, and it is 
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possible that different results would be obtained in infants from lower socio-
economic class. For example, from the same research centre over-estimation of 
dietary intake using a 24-h recall was reported in infants from low socio-
economic class (Olinto et al, 1995), and the estimation of breast-feeding duration 
also appeared to depend on socio-economic class (Huttly et al, 1990).  
Summarizing, the 2H2O turnover method not only provides data on breast milk 
intake, but also on water intake from non-breast milk foods. We suggest that in 
breast-fed infants in whom complementary solid foods have not yet been 
introduced the latter component be used for a comparison with data obtained 
from conventional methods that usually complement the isotope work. This will 
help interpreting estimations of macronutrient intake in these infants, which are 
known to be difficult to obtain accurately. This in turn, will have direct relevance 
to studies of dietary intake of infants and its relationship with growth and 
health.  
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Complementary feeding with cows’ milk alters sleeping 

metabolic rate in breast-fed infants  
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abstract 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

O b j e c t i v e s :  (1) To compare minimal observable energy 
expenditure (MOEE) between two sub-groups of breast-fed 
infants: (a) BM group, i.e., receiving breast milk as the only 
source of milk; (b) BCM group, i.e., receiving cows’ milk in 
addition to breast milk. (2) To identify potential mediators of a 
feeding pattern effect. 
D e s i g n:  Respiration calorimetry was used to measure MOEE 
in 62 infants (35 BM, 27 BCM group) aged 8.7 months of age in 
Pelotas, southern Brazil.  
M a i n  o u t c o m e  m e a s u r e s :  Breast milk intake was measured 
using deuterium-oxide, complementary food intake by 1-day 
food-weighing, total energy expenditure and total body water 
using doubly labelled water; anthropometric indices were 
calculated.  

R e s u l ts :  MOEE was 399 (SD 42) kcal/d in the BM group 
compared to 444 (SD 50) kcal/d in the BCM group (p<0.001). 
Mass-specific MOEE was 48.0 (SD 5.9) kcal/kg/d in BM versus 
51.6 (SD 7.6) kcal/kg/d in BCM infants (p=0.041). MOEE (kcal/d) 
was mediated by protein intake and infant weight. The 
following model of covariance applied: MOEE (kcal/d) = 248 – 
23.8 * feeding group  + 2.3 * protein intake (g/d) + 15.8 * weight 
(kg), with BCM=0, BM=1. Explained variance of the model was 
43.1%. Comparisons between feeding groups based on SMR 
gave similar findings.  
C o n c l u s i o n s :  Complementary feeding with cows’ milk alters 
sleeping metabolic rate in breast-fed infants. The effect is 
mediated by protein intake and infant weight. However, even 
after adjusting for these factors the difference remained 
borderline significant, indicating that some other factor in cows’ 
milk increases, or alternatively some factor associated with 
breast milk or breast-feeding reduces SMR.  
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INTRODUCTION 
 
It is recommended that estimations of energy requirements should be based on 
measurements of total daily energy expenditure (TEE) with an added 
component for the energy deposited in new tissue (Buyckx et al, 1996). TEE 
includes basal metabolic rate (BMR), activity energy expenditure, thermal effect 
of feeding, thermogenesis, and the energy used for growth.  
The BMR defines the energy expenditure, which occurs in the post-absorptive 
state (i.e., after an overnight fast), with the subject resting comfortably, supine, 
awake and motionless in a thermoneutral environment. This standardised 
metabolic state corresponds to the situation in which food and physical activity 
have minimal influence on metabolism. The BMR thus reflects the energy 
needed to sustain the metabolic activities of cells and tissues, plus the energy to 
maintain blood circulation, respiration, gastrointestinal, and renal processing 
(i.e., the basal cost of living). These standardised conditions for measurement of 
BMR cannot be met in studies on infants, and sleeping metabolic rate (SMR) and 
minimal observable energy expenditure (MOEE) have been used as 
approximations of BMR in infants. SMR refers to the average energy expenditure 
during a certain time of sleep, with the length of this period varying between 
studies. MOEE is defined as the average energy expenditure during the lowest 
five consecutive minutes of a sleeping metabolic rate measurement. The latter is 
the more standardised entity, and has been used as the basis of this work. In 
contrast to BMR, SMR and MOEE include the thermal effect of feeding (TEF), 
but do not include the energy expended to stay awake (the cost of arousal). SMR 
measured in adults in the morning (after an overnight fast, and not including 
TEF) appears to be about 5 to 10 % lower than BMR (Garby et al, 1987). In infants 
SMR is approximately 60% of TEE, and the metabolic intensity of the brain is 
assumed to contribute to SMR by about 70% (Holliday, 1971). Expressed per kg 
body weight SMR in infants is about 2 times higher than in adults, but SMR 
expressed per kg heart and kidney mass is remarkably constant even among 
species (Daan et al, 1990).  
Schofield (1985) compiled measurements of BMR, and developed prediction 
equations based on sex, age, and weight, and recently, a new set of prediction 
equations has been developed for infants (Wells et al, 1996). SMR of infants 
appears to be dependent on gender, age, and weight, but ideally prediction 
equations should also include feeding mode. Several studies have found higher 
SMR in formula-fed as compared to breast-fed infants (Butte et al, 1990b; Butte et 
al, 2000a; Wells & Davies, 1995b). A possible mechanism was suggested by Butte 
et al (1992), who studied sleep organization in breast- and formula-fed infants 
and found a shorter duration of REM sleep in breast-fed infants, and a longer 
percentage of time spent in NREM sleep. Another possible mechanism could be 
through TEF. Formula feeds prepared using cows’ milk often had a higher 
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protein content than breast milk, and protein is known to contribute more to TEF 
than lipids and carbohydrates. However, Butte et al (1990) measured TEF as part 
of SMR measurements in breast- and formula-fed infants, and found no 
difference. SMR is also known to be affected by disease, and higher values have 
been observed in malnourished infants (Vasquez-Velasquez, 1988b). The 
influence of the continuous distress of poor living conditions on SMR has not 
been studied in infants. The study described here was primarily designed to 
study the influence of SES on the components of energy expenditure including 
SMR in breast-fed infants. The group of breast-fed infants was not homogenous 
in that some of them would receive breast and cows’ milk (BCM group), 
whereas others would be only receiving breast milk (BM group). In line with 
differences in SMR between breast- and formula-fed infants found by others, we 
studied the hypothesis that SMR would by higher in BCM as compared to BM 
infants.  
 
 
METHODS 
 
Study design 
The study was conducted in Pelotas, a city in the extreme south of Brazil (32° S 
and 52° W) of about 330,000 habitants and 6,000 births per year. Field work was 
from October 2001 to May 2002. Mean temperature ranged from 15.5 to 24.0°C, 
with maximum temperatures ranging from 28.2 to 36.2°C. Relative humidity is 
high in Pelotas, and ranged from 79.9 to 89.6% (Centro de Meteorologia, 
Universidade Federal de Pelotas). The study was designed as a cross-sectional 
study to assess food intake, growth, and sleeping metabolic rate in infants aged 8 
months of age. The total length of the measurement period for each infant was 
three weeks. All measurements were done at the homes of the participating 
babies. Classification by feeding group was based on a food questionnaire 
applied on day 0 of the study. Height and weight of both mother and baby were 
measured on the same day, and the baby’s weight was assessed again on day 14 
and 21. Breast milk intake was measured during the first 14 days of the study 
using the 2H2O turnover method (Butte et al, 1988; Coward et al, 1982; Haisma et 
al, 2003; Orr-Ewing et al, 1986). Food intake was measured on one day between 
days 7 to 14 by food weighing. Total daily energy expenditure (TEE) was 
measured during days 14-21 using doubly labelled water (DLW), and total body 
water (TBW) was assessed on day 14 using the same dose of DLW. Sleeping 
metabolic rate (SMR) was measured during the third week. Normalisation by 
weight was done using weight at day 14 or 21, whichever was closer to the date 
of measurement. Occasionally SMR was measured more than 7 days after day 
21. In this case, weight was measured again on the same day as the SMR 
measurement, and this weight was used for normalisation.  
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Sleeping metabolic rate (SMR) and minimal observable energy 
expenditure (MOEE)  
Sleeping metabolic rate was measured by respirometry using a DeltatracTM 
MBM-100. The head and part of the body of the infant were covered with a 
transparent plastic canopy, and the adult mixing chamber with an airflow of 40 
l/min was used to avoid accumulation of carbon-dioxide in the canopy during 
the time of the measurement. The use of this adult set-up of the Deltatrac in 
infants was validated by Wells (1994). Oxygen consumption, carbon-dioxide 
production and respiratory quotient were calculated by the Deltatrac software 
from the constant airflow and the down-stream gas concentrations, and the data 
were printed every minute. These data were subsequently entered into a 
computer and energy expenditure (cal/min) was calculated using Weir’s formula 
(Weir, 1949): 1.106 * VCO2 + 3.941 * VO2, where VCO2 is carbon-dioxide produced 
(ml/min), and VO2 is oxygen consumed (ml/min). SMR (kcal/d) was defined as 
the average of energy expenditure during the whole measurement period (40 
minutes up to 1 hour), and MOEE (kcal/d) was assessed as the average of the 
five consecutive lowest one-minute values for energy expenditure. 
Measurements were done at a time the baby would usually sleep. This could be 
any time of the day or night. Measurements done from 22.00 pm to 8.00 am were 
classified as night measurements. It was common that the baby was fed before 
the measurements, and then soothed to sleep. The length of a sleep cycle was 
assessed for the first 10 infants, and was found to be about 40 minutes. 
Subsequent measurements were therefore conducted for at least 40 minutes, but 
if possible measurements were continued for 1 hour. MOEE was considered to 
be the best standardised approximation of BMR, and analysis was primarily 
based on MOEE. 
 
Breast milk intake and total daily energy expenditure 
The dose-to-the-mother 2H2O turnover method was used to measure breast milk 
intake but this was combined with the subsequent measurement of TEE using 
2H218O. Details of the basic breast-milk measurements have been described 
elsewhere (Haisma et al, 2003), but in short the method involves the 
administration of 0.5 M (10 grams) of 99,8% deuterium to the mother, and 
collection of saliva samples from the mother immediately before dose 
administration on day 0 (pre-dose), and subsequently on days 1,3,13,14. Urine 
samples were collected from the baby on day 0 (pre-dose), and days 1,2,3,13,14.  
For the measurement of TEE an oral dose of 0.18 g/kg H218O and 0.10 g/kg 2H2O 
was administered to the infant on day 14 shortly after the collection of the day 14 
sample for the breast-milk estimates. The dose was slowly fed into the baby’s 
mouth using a nasogastric tube attached to a syringe. Any spillage was collected 
using pre-weighed tissues. Exact dose administered was calculated from the 
difference in weight of the dosing vial, syringe, nasogastric tube, and tissues pre- 
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and post-dosing, and was on average 84% of the dose prepared. Subsequently 
urine samples were collected from the baby on days 15,16,17,20,21. During the 
field work, samples were stored on ice, and thereafter at –20 °C. Samples were 
shipped unfrozen to the laboratory in Cambridge, UK for analysis. 
 
Calculations 
For the measurement of 2H2O kinetic parameters, 2H enrichment above day 0 
baseline, measured at the defined times in the period from day 0 to day 14 for 
the mother and 0 to 21 for the baby, were fitted to the basic lactation model 
described by Haisma et al (2003) but including the additional 2H isotopic dose at 
day 14. In this way residual 2H reaching the baby from the mother could be 
accounted for during the TEE measurement phase (days 14-21).  For the mother: 
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where Em(0) is 2H isotopic enrichment above background (ppm) immediately after 
the first isotope dose, Em(t) is subsequent enrichment, t is time after the isotopic 
dose (d) and Kmm is water turnover in the mother (1/d).   
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where Eb(D2) is the initial 2H isotopic enrichment (ppm) appearing as a 
consequence of the second isotopic dose given at time tD2 (d) after the first dose.  
Eb(D2) was used to calculate Vb (the 2H distribution space, mole) at this time and 
values at other times (Eb(t)) were assumed to be in the same proportion of body 
weight changing linearly over the measurement period. Fbm is the transfer of 
water from the mother to the baby via breast milk (mole/d) and Fbb  is total water 
loss in the baby (mole/d). 
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For the infant 18O data was fitted to: 
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where E'b(D2) is the initial 18O enrichment following the second isotopic dose. 
E'b(D2) was used to calculate V'b (the 18O distribution space, mole) at this time and 
values at other times (E'b(t)) were assumed to be in the same proportion of body 
weight changing linearly over the measurement period. F'bb  is total water plus 
water equivalents of CO2 loss in the baby (mole/d). 
Experimental data was simultaneously fitted to equations 1, 2 and separately to 
3 using the “Solver” function in Excel®  to minimise the sum of the squares of 
the differences between observed and fitted values for mother and baby data 
combined. Parameters fitted were Em(0), Eb(D2),  E'b(D2), Fbm, Kmm, Fbb and F'bb. 
 
Calculation of the parameters of breast-milk and other water intake was 
performed from the fitted data as described by Haisma et al (2003). For TEE, CO2 
production ( , mole/d) was first calculated assuming that a constant 

proportion of the infants water turnover was fractionated (Prentice, 1990):  
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normalised isotope distribution spaces (N, based on 2H dilution, mole) are: 
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and (N', based on 18O dilution, mole)   
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fractionation factors are: 941.01 =f , 991.02 =f ; 037.13 =f  
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proportion of water losses fractionated (x) is assumed to be 0.2 for growing 
infants (Vasquez-Velasquez, 1988b). 
 

2COr was then converted to TEE (kcal/d) from the equation: 
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RQ was estimated from the average food quotient calculated from the 
composition of the total diet of the infants per study group (Black et al, 1986). 
This was 0.87 in this study. 
 
Total body water and body composition 
Infant total body water (TBW) was calculated as the average of the isotope 
distribution spaces corrected for non-aqueous isotope exchange: 
 
TBW (kg) = (VD/1.04 + V′O/1.01)/2 
 
Fat free mass (FFM) was calculated using a hydration coefficient of 79.7% (Butte 
et al, 2000b), and fat mass (FM) as the difference between body weight and fat 
free mass: 
 
FFM (kg) = TBW/0.797 
FM (kg) = Body weight at day 14 – FFM  
 
A fat free mass index (FFMI), and fat mass index (FMI) were calculated from fat 
free mass (kg)/ height (m)2, and fat mass (kg)/ height (m)2 respectively (Van 
Itallie et al, 1990).  
Maternal body composition was calculated from deuterium data only (Em(0)) 
using the same procedures except that the hydration of fat-free mass was 
assumed to be 73% (IAEA, 1990). 
 
Intake of complementary foods 
Intake of complementary foods was measured by food weighing using a 
mechanical scale that was calibrated against standard weights. Field workers 
were trained and monitored throughout the study. Weighing was started at the 
time of the first meal of the day (other than breast milk), and was continued until 
after supper. A return visit was made the next day to measure any leftovers from 
food eaten overnight. Mothers were asked to prepare the food in a separate 
cooking pot, to facilitate assessment of the baby’s individual food intake. 
Ingredients were weighed raw, and the proportion eaten was calculated by 
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weighing the food prepared before and after a meal. This proportion was 
multiplied by the weight of the ingredients used to obtain the quantity of each 
ingredient eaten. Black beans and rice is a traditional meal in Brazil, and cooked 
beans are often eaten over several days. Beans were therefore measured cooked. 
Infants start to eat the cooking liquid earlier than the actual beans, and this 
difference was taken into account in the analysis. Data on the chemical 
composition of the liquid was provided by the chemical department of the 
University of Pelotas. A Brazilian food composition table (IBGE, 1981) was used 
for calculation of energy, protein, lipid, and carbohydrate content of the diet. 
Data on breast milk composition during the second half of infancy were 
obtained from the National Academy of Sciences (Food and Nutrition Board 
(FNB), 2002), i.e.,, energy content 65 kcal/100 ml; protein 1.21 g/100 ml; fat 4 
g/100 ml; carbohydrates 7.4 g/100 ml. 
The food quotient was calculated using equations described by Black et al (1986). 
 
Thermal effect of feeding (TEF) 
Since SMR measurements were performed in the postprandial state, energy 
expended as a result of the thermal effect of feeding (TEF) was included in the 
MOEE. In an attempt to disentangle the contribution of TEF to MOEE, we 
estimated TEF on the basis of macronutrient intake. The largest contribution to 
TEF is by protein intake (Kleiber, 1961). The contribution of protein intake to the 
thermal effect of feeding was calculated by dividing protein intake (g/d) by a 
factor 6.25 to give nitrogen intake (g N/d). This value was then multiplied by 8.4 
kcal/g N to provide an estimate of the energy released (kcal/d) (Kleiber, 1961). 
 
Anthropometry 
The infants were weighed without clothes using a portable electronic UNICEF 
scale accurate to 0.1 kg. Length was measured using a standardised 
anthropometer (AHRTAG baby length measures: London, UK).  
Mothers were weighed without shoes but with clothes using the same UNICEF 
scale, and maternal weight was calculated as the difference between the weight 
with clothes and the weight of clothes. Maternal height was measured to the 
nearest mm using a locally developed portable stadiometer. Maternal body mass 
index was calculated from: weight (kg)/ height (m)2.  
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Morbidity 
Twice weekly morbidity questionnaires were applied. The number of days the 
child presented with diarrhoea, cough, running nose or fever were registered 
during each of those visits to constitute the total number of days these 
symptoms were present during the total three weeks of the study. Diarrhoea 
was defined as five or more liquid stools per day. Illness was coded using the 
CDC-codification (WHO, 1993). A child was classified as being healthy if during 
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the week of SMR measurements it presented not more than one of the above-
mentioned symptoms during no more than one day. Measurements were 
postponed if acute illness (fever) was present on the day the measurement had 
been scheduled. In this case, measurements took place within a week of the day 
scheduled. 
 
Subjects and classification by feeding group 
The study was embedded into a larger study on the influence of socio-economic 
status on energy requirements. Maternal education served as a proxy for SES. 
An electronic database (SINASC) including all birth registrations in Pelotas was 
used for the selection of mother-baby pairs. From the database a selection was 
made using the following criteria: (1) mother living in urban Pelotas; (2) infant 
birth-weight ≥ 2,500 g; (3) infant gestational age between 37 and 41 weeks; (4) 
single birth; (5) infant healthy at birth; (6) schooling ≤ 3 year (low SES) or 
schooling ≥ 8 years (high SES). Mothers whose babies would be 8 months old on 
a week day (to allow data collection) were visited in their homes when the baby 
was about 7 months old. During this visit the data obtained from the database 
were verified, and an additional inclusion criteria was added: only babies who 
were still breast-fed were included.  
Babies were subsequently classified into two different feeding categories 
(irrespective of whether they were from the low or high SES groups): (1) Breast-
Milk or BM group - infants receiving breast milk as the only source of milk (with 
or without solids); (2) Breast- and Cows’ Milk or BCM group - infants receiving 
cows’ milk in addition to breast milk (with solids). The infants were classified on 
the basis of a qualitative food questionnaire applied on day 0 of the study. This 
included questions on at what age certain foods had been introduced (for 
example, cows’ milk, formula milk, fruits, meat, black beans).  
 
Sample size 
Studies on SMR of 9 month old infants (breast- and bottle-fed combined) 
showed values of 52 kcal/kg/day (Wells & Davies, 1998) and 57 (SD 9.5) 
kcal/kg/day (Wells et al, 1996). At the time the study was planned no data existed 
on SMR of 8 months old breast-feeding infants. The only data available on 
breast-fed infants were from Butte et al (1990) in 4 month old infants. Mean SMR 
was 47.5 kcal/kg/d, with a standard deviation of 4.4 kcal/kg/d. This standard 
deviation was used for sample size calculations. To detect an 8% difference in 
SMR between infants from high and low SES as statistically significant, the study 
required a minimum of 20 infants in each group. These calculations assumed a 
Type I error (alpha) of 5%, two-tailed, and a Type II error (beta) of 10%, that is, a 
statistical power of 90%.  
As the study was embedded into a larger study on energy requirements in 
infants from high and low socio-economic status (with a sample size of 77 
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infants), and there was some uncertainty on the standard deviation of SMR 
measurements in infants, all 77 participating infants were included. SMR 
measurements were successful in 62 infants. In five cases the indirect calorimeter 
was not available at the time scheduled for the study. In another four cases, a 
maximum of five attempts was reached without a successful measurement 
(typical reasons were that the child had no regular sleeping hours or it slept only 
while suckling on the mother’s breast). For a further 6 subjects, the mother did 
not collaborate in scheduling a visit to her home to do the measurement. Food 
and macronutrient intake was assessed in 58 out of 62 infants. From 2 infants 
breast milk intake data were not available, one mother refused to take part in 
this specific component of the study, and a fourth baby was ill during the time of 
the food assessments and did not get better within the time frame required (i.e., 
within one week from the end of the study period). TEE and TBW was available 
from 55 out of 62 infants. To maximise the power of the comparison of interest, 
i.e., SMR in two different feeding groups, we chose to include all 62 infants in the 
comparisons of SMR. Univariate correlations of food intake or body composition 
and SMR were analysed using n=58 and n=55 respectively. A complete dataset 
was available from 52 infants, and this number was used in the regression 
analysis. 
 
Statistical methods 
Differences between feeding groups were investigated using Student t-tests. 
Factors considered as possible confounders were maternal age, maternal 
nutritional status, parity, SES, family income, years of schooling of both father 
and mother, crowding, mother working, mother being away from the child 
during the day, smoking habits, presence of tap water and flushing toilet, sex of 
the child, ethnicity of the child, birth weight, length at birth, health status, time 
of the measurement (night, day), duration of the measurement, and time 
between last feed and start of the measurement. The criteria for confounders 
were those described by Rothman & Greenland (1998). None of the proposed 
factors fulfilled these criteria. Special attention was given to SES, as the study 
had initially been designed to study differences in components of energy 
expenditure between high and low SES. However, as SES was not associated 
with either outcome (MOEE) or exposing variable (feeding group), and inclusion 
of SES into a multivariate model including both feeding group and SES did not 
reduce the difference between feeding groups by more than 10%, SES was not a 
confounder, and there was no need for adjustment of the data by SES. Pearson’s 
correlation coefficient was used to study univariate correlations between the 
major variables of interest and MOEE (kcal/d). Those variables with a correlation 
with MOEE significant at the 0.10 level were subsequently entered into a 
covariance model, to study the extent to which the effect of feeding pattern was 
mediated by these factors.  
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Ethics 
The study was approved by the ethical committee of the Universidade Federal 
de Pelotas, affiliated with the National Commission on Research Ethics of the 
Brazilian Ministry of Health, and an informed consent was signed by the 
mother.  
 
 
Results 
 
Subjects 
Characteristics of mother and infants are presented in Table 1. 35 infants were 
classified as BM; and 27 infants as BCM. Maternal age and nutritional status, 
parity, schooling, income, housing, salary, and smoking habits were not 
different between groups, and no statistically significant differences were found 
in sex ratio or ethnicity of the infants. BM infants tended to weigh less and have 
a higher percentage body fat than BCM infants. However, these differences were 
not significant (p=0.218; p=0.322). FMI, which is a more reliable indicator of 
fatness than is percentage body fat also tended to be higher in BCM as compared 
to BM infants (BM, 4.8 (SD 1.4) kg fat/m2; BCM, 5.4 (SD 1.6); p=0.150). 
 
Food and nutrient intake  
In Table 2 food and nutrient intake by feeding group are presented. Breast milk 
intake was higher in the BM compared to the BCM group (BM, 761 ml/d; BCM, 
464 ml/d, p=0.001). Intake of cows’ milk was 25 ml/d in the BM group, compared 
to 232 ml/d in the BCM group (p<0.001). The 25 ml/d in the BM group was 
significantly different from 0 (p=0.027). In the BCM group, 4 infants had an 
intake of cows’ milk of 0 ml/d on the day when food weighing was performed. 
The intake of yoghurt was not different between groups (BM, 24 ml/d; BCM, 33 
ml/d, p=0.490). BM infants tended to have been exclusively breast-fed for longer 
than BCM infants, but this did not reach statistical significance (BM, 3.0 months; 
BCM, 2.3 months, p=0.169). In the BM group 3/32 infants were reported to be 
exclusively breast-fed at the time the baby was 8 months old. Of the 26 infants in 
the BCM group, 18 were reported to be receiving only cows’ milk, 3 were 
receiving only formula, and 5 were receiving both cows’ milk and formula. On 
the day food weighing was done, only 1 infant was receiving formula. All BCM 
infants were receiving solids. Energy (kcal/d), fat (g/d) and carbohydrate intake 
(g/d) were not different between the groups, but protein intake (g/d) was. 
Protein intake was 17.1 g/d in the BM group versus 23.7 g/d in the BCM group 
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Table 1. Characteristics of mother-infant pairs by feeding group. 

 
BM∗ 

(n=35) 

BCM∗∗  

(n=27) 
p-value 

Maternal age (years) 

Maternal weight (kg) 

Maternal length (cm) 

Maternal body mass index (kg/m2) 

Maternal percentage fat 

Parity 

Family income (reais/ month) 

Years of schooling father 

Years of schooling mother 

No. of person per bed room + 1 

Mother working away from home (%) 

Mother smoking (%) 

Tap water (%) 

Flushing toilet (%)  

 

Birth weight (kg) 

Length at birth (cm) 

Weight at 8.7 mo. (kg)  

Length at  8 mo. (kg) 

Body mass index (kg/m2) 

Head circumference at 8 mo. (cm) 

Fat mass (kg) 

Fat free mass (kg) 

Percentage fat at 8.7 mo 

Fat mass index (kg/m2) 

Fat free mass index (kg/m2) 

 

Sex ratio (male/female) 

Colour of the baby (white/non-white) 

Health status (healthy/ill) 

SES (high/low) 

27.3 (7.5)†

58.7 (13.6) 

157.5 (6.5) 

23.8 (5.7) 

30.1 (8.5) 

2.3 (1.6) 

632 (881) 

6.9 (4.1) 

6.3 (4.6) 

2.2 (1.0) 

33.3 

28.6 

85.6 

82.9 

 

3.3 (0.4) 

48.6 (2.1) 

8.4 (0.9) 

69.7 (2.4) 

16.8 (1.2) 

44.2 (1.0) 

2.3 (0.7) 

6.0 (0.8) 

28.1 (7.5) 

4.8 (1.4) 

12.3 (1.5) 

 

13/22 

26/9 

21/14  

17/18 

30.2 (6.4) 

61.8 (12.9) 

159.4 (5.8) 

23.9 (4.2) 

29.8 (9.8) 

2.7 (1.8) 

661 (685) 

7.4 (3.9) 

7.2 (5.1) 

2.2 (1.1) 

66.7 

33.3 

92.6 

92.6 

 

3.3 (0.4) 

49.2 (2.0) 

8.7 (1.2) 

70.1 (3.2) 

17.2 (1.7) 

44.6 (1.4) 

2.7 (0.8) 

6.1 (0.8) 

30.0 (6.9) 

5.4 (1.6) 

12.3 (0.9) 

 

15/27 

18/9 

14/13  

16/11 

0.123 

0.376 

0.254 

0.946 

0.884 

0.323 

0.888 

0.600 

0.477 

0.878 

0.160 

0.784 

0.455 

0.447 

 

0.865 

0.598 

0.218 

0.566 

0.266 

0.243 

0.127 

0.505 

0.322 

0.150 

0.962 

 

0.609 

0.579 

0.609 

0.450 
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∗BM: infants receiving breast milk as the only source of milk; ∗∗BCM: infants receiving 
cows’ milk in addition to breast milk;  † Means and standard deviations. 
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Table 2. Food and nutrient intake by feeding group. 

 
BM  

(n=32) 

BCM  

(n=26) 
p-value 

Breast milk volume (ml/d) 

Cows’ milk volume (ml/d) 

Intake of yoghurt (g/d) 

Percentage of milk from cow’s milk  

Age until which EBF* 

Age introduction of formula (mo) 

Age introduction of cow’s milk (mo) 

Age introduction of solids (mo) 

Energy intake (kcal/d) 

Protein intake (g/d) 

Fat intake (g/d) 

Carbohydrate intake (g/d) 

Food quotient  

761 (231)†

25 (60) 

24 (49) 

3.4 (7.7) 

3.0 (1.9) 

NA 

NA 

4.7 (1.4) 

755 (191) 

17.1 (5.7) 

34.7 (9.6) 

104.9 (32.6) 

0.86 (0.02) 

464 (352) 

232 (227) 

33 (58) 

38.7 (34.6) 

2.3 (2.0) 

3.0 (1.8) 

4.4 (2.4) 

4.6 (1.0) 

747 (177) 

23.7 (9.5) 

29.8 (10.3) 

104.8 (25.3) 

0.87 (0.02) 

0.001 

0.000 

0.490 

0.000 

0.169 

 

 

0.687 

0.878 

0.002 

0.065 

0.986 

0.077 

* EBF: exclusively breast-fed, i.e., receiving nothing but breast milk not even water 
† Means and standard deviations. 

 
 
(p=0.002). A small but non-significant difference was found in food quotient 
between groups (BM, 0.86; BCM, 0.87, p=0.077). Energy and macronutrient 
intakes were not related to weight, length or fat free mass. 
 
Sleeping metabolic rate   
 
Differences by feeding group 
A summary of MOEE and SMR by feeding group is presented in Table 3. MOEE 
(kcal/d) was 399 (SD 42) kcal/d in the BM group versus 444 (SD 50) kcal/d in the 
BCM group (p<0.001). Per kg body weight this was 48.0 (SD 5.9) kcal/kg/d in BM 
versus 51.6 (SD 7.6) kcal/kg/d in BCM infants (p=0.041). The regression 
coefficient of log MOEE (kcal/d) to log weight (kg) was 0.347 (SE 0.111, p=0.001). 
This indicates that the effect of weight on MOEE is removed (normalised) by 
dividing MOEE by weight raised to the power 0.347. In the BM group mass-
independent MOEE was 191 (SD 15) kcal/kg0.347/d, and in the BCM group 210 (SD 
22) kcal/kg0.347/d (p=0.001). Equally, the regression on log MOEE (kcal/d) to log 
FFM (kg) resulted in a coefficient of 0.380 (SE 0.115, p=0.002), and MOEE 
normalised for FFM0.380 was 203 (SD 20) kcal/kg FFM0.380/d in BM infants, as  
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Table 3. Components of energy expenditure by feeding group. 

† Means and 95% CI 

Metabolic component BM (n=35) BCM (n=27) p-value 

MOEE (kcal/d) 

(kcal/kg/d) 

(kcal/kg FFM/d) 

(kcal/kg0.347/d) 

 

SMR (kcal/d) 

(kcal/kg/d) 

(kcal/kg FFM/d) 

(kcal/kg0.313/d) 

 

TEE (kcal/d)° 

(kcal/kg/d) 

(kcal/kg FFM/d) 

(kcal/kg0.192/d) 

 

AEE (kcal/d)° 

(kcal/kg/d) 

(kcal/kg FFM/d) 

399 (385-414)†

48.0 (46.0-50.1) 

67.8 (64.7-71.0) 

191 (185-198) 

 

456 (443-469) 

54.8 (52.9-56.8) 

77.7 (74.4-81.0) 

235 (229-241) 

 

553 (500-606) 

68.1 (61.4-74.8) 

93.1 (83.5-103) 

370 (335-404) 

 

151 (95.8-207) 

19.7 (13.0-26.5) 

25.4 (16.0-34.8) 

444 (424-464) 

51.6 (48.6-54.6) 

73.8 (69.7-77.9) 

210 (201-218) 

 

488 (468-509) 

56.8 (53.6-60.1) 

81.1 (76.9-85.3) 

249 (239-258) 

 

606 (547-665) 

70.2 (62.7-77.7) 

101 (90.1-111) 

400 (361-437) 

 

162 (100-224) 

18.9 (11.4-26.5) 

26.9 (16.6-37.2) 

0.000 

0.041 

0.020 

0.001 

 

0.005 

0.263 

0.198 

0.001 

 

0.186 

0.688 

0.290 

0.247 

 

0.795 

0.875 

0.827 

° Values are adjusted for ethnicity 
 
 
compared to 225 (SD 23) kcal/kg FFM0.380/d in BCM infants (p=0.001). Figure 1 
shows the regression lines of log MOEE on log FFM by feeding group.  
For BM infants log MOEE regressed on log FFM resulted in the following 
equation: 
Log MOEE (kcal/d) = 2.330 + 0.355 * log FFM (kg); 
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And for BCM infants the equation was: 
Log MOEE (kcal/d) = 2.384 + 0.336 * log FFM (kg). 
 
MOEE was 0.88 * SMR in the BM group as compared to 0.91 * SMR in the BCM 
group (p=0.006). Comparisons between feeding groups based on SMR gave 
similar findings. SMR was normalised for weight to the power 0.313. Differences 
in SMR (kcal/d, and kcal/kg0.313/d) between BM and BCM infants were 
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Figure 1. Association of log FFM and log MOEE by feeding pattern. 
 
 
significant. However, SMR (kcal/kg/d) was not different between feeding 
groups.  
 
Univariate correlations 
Associations of MOEE (kcal/d) and major variables of interest (discussed below) 
were approximately linear and univariate correlation coefficients are presented 
in Table 4. Energy (kcal/d), fat (g/d), and carbohydrate intake (g/d) were not 
correlated to MOEE at a level of significance <0.10, and are not included in the 
table. In order of significance, MOEE (kcal/d) was positively correlated with 
protein intake (g/d), fat free mass (kg), weight (kg), percentage cows’ milk intake 
of total milk, intake of cows’ milk (ml/d), and length (cm). MOEE (kcal/d) was 
negatively correlated with breast milk intake (ml/d). MOEE (kcal/d, kcal/kg/d, 
kcal/kg0.347/d) was not associated with sex, or ethnicity. Equally health status was 
not associated with MOEE (kcal/d, kcal/kg0.347/d). But MOEE (kcal/kg/d) was 
higher in ill compared to healthy children (ill (n=27), 51.7 kcal/kg/d; healthy 
(n=35) 48.0 kcal/kg/d, p=0.031). MOEE (kcal/d, kcal/kg/d, kcal/kg0.347/d) was not 
different between night- (n=13) as compared to day-time (n=49) measurements.  
 
Analysis of covariance 
Table 5 presents the results of analysis of covariance with feeding group as a 
fixed factor and the variables mentioned in Table 4 entered as covariates. MOEE 
(kcal/d) was the independent variable in the model. Variables with a Pearson 
correlation coefficient significant at the 0.10 level were entered as dependent 
variables. These were: feeding group (BM=0 or BCM=1), protein intake (g/d), fat 
free mass (kg), weight (kg), percentage cows’ milk of total milk intake, intake of 
non-breast milk (kg), breast milk intake (kg), baby’s length (cm).  
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Table 4. Univariate correlation coefficients. 

 MOEE 

(kcal/d) 

Protein 

(g/d) 

FFM (kg) Weight 

(kg) 

Cows’ 

milk (%) 

Cows’ 

milk 

(ml/d) 

Protein intake (g/d) 

 

Fat free mass (kg) 

 

Weight (kg) 

 

Percentage other milk 

 

Intake other milk 

(ml/d) 

Breast milk intake 

(ml/d) 

Length (cm) 

 

0.487 

(0.000)† 

0.404 

(0.002) 

0.391 

(0.002) 

0.379 

(0.003) 

0.331 

(0.011) 

-0.297 

(0.021) 

0.288 

(0.023) 

* 

 

0.216 

(0.121) 

0.155 

(0.245) 

0.605 

(0.000) 

0.642 

(0.000) 

-0.354 

(0.003) 

0.162 

(0.224) 

* 

 

* 

 

0.702 

(0.000) 

-0.031 

(0.828) 

-0.048 

(0.731) 

0.069 

(0.617) 

0.649 

(0.000) 

* 

 

* 

 

* 

 

-0.028 

(0.835) 

-0.008 

(0.950) 

0.050 

(0.705) 

0.735 

(0.000) 

* 

 

* 

 

* 

 

* 

 

0.933 

(0.000) 

-0.806 

(0.000) 

-0.011 

(0.933) 

* 

 

* 

 

* 

 

* 

 

* 

 

-0.709 

(0.000) 

0.035 

(0.794) 

†p-values are in brackets. 

 
 
Only those mediators that significantly contributed to the model are shown in 
Table 5. Adjusting MOEE for weight decreased the difference from –44.6 kcal/d 
to –39.3 kcal/d (BM, 401 kcal/d; BCM, 440 kcal/d; p=0.001). Protein was another 
important covariate. The effect of feeding mode on MOEE was found to be 
mediated through protein, and adjustment for protein intake resulted in a 
decrease of the difference between feeding groups of –44 to –27.7 kcal/d (BM, 408 
kcal/d; BCM, 436 kcal/d; p=0.028). If weight was also entered into the model, the 
difference between feeding groups became borderline (BM, 411 kcal/d; BCM, 435 
kcal/d; p=0.059). Explained variance of the model was 43.1%. Replacement of 
weight by fat mass and fat free mass made no difference to the model 
(R2=43.9%). 
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Contribution of protein intake to TEF 
The difference in protein intake between BM and BCM infants was 6.6 g/d 
(higher values for the BCM infants). The contribution of this difference in protein 
intake to the thermal effect of feeding was 8.87 kcal/d, or 20% of the crude 
difference (44 kcal/d) in MOEE (kcal/d). 
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Table 5. Analysis of covariance of MOEE (kcal/d) by feeding group. 

Model BM-BCM 95% CI p-value R2

Constant 

Feeding group 

 

Constant 

Feeding group 

Protein (g/d) 

 

Constant 

Feeding group  

Fat free mass (kg) 

 

Constant 

Feeding group 

Weight (kg) 

 

Constant 

Feeding group 

Protein (g/d) 

Fat free mass (kg) 

 

Constant 

Feeding group 

Protein (g/d) 

Weight (kg) 

 

Constant 

Feeding group 

Protein (g/d) 

Fat mass (kg) 

Fat free mass (kg) 

444 

-44.6 

 

390 

-27.7 

2.3 

 

298 

-42.5 

24.3 

 

310 

-39.3 

15.3 

 

271 

-29.6 

2.0 

20.7 

 

251 

-23.8 

2.3 

15.8 

 

236 

-25.2 

2.2 

10.6 

21.2 

426 - 461 

-67.9 - -21.2 

 

35 - 429 

-52.2 - -3.2 

0.8 – 3.8 

 

204 – 392 

-66.2 - -18.8 

9.1 – 39.4 

 

218 – 401 

-61.5 - -17.1 

5.1 – 25.7 

 

178 – 364 

-54.7 - -4.6 

0.5 – 3.6 

5.6 – 35.7 

 

154 – 349 

-48.6 – 1.0 

0.8 – 3.8 

5.4 – 26.2 

 

132 – 340 

-50.7 – 0.3 

0.6 – 3.7 

-3.8 – 25.1 

6.3 – 36.1 

0.000 

0.000 

 

0.000 

0.028 

0.003 

 

0.000 

0.001 

0.002 

 

0.000 

0.001 

0.004 

 

0.000 

0.021 

0.012 

0.008 

 

0.000 

0.059 

0.003 

0.004 

 

0.000 

0.053 

0.007 

0.127 

0.006 

0.195 

 

 

0.302 

 

 

 

0.330 

 

 

 

0.301 

 

 

 

0.414 

 

 

 

 

0.431 

 

 

 

 

0.439 

 

 

TEE and AEE 
Table 3 also presents TEE and AEE by feeding group. TEE tends to be lower in 
BM as compared to BCM infants, but the differences did not reach statistical 
significance. AEE is not different between feeding groups.  
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DISCUSSION 
 
Most striking finding was that within a group of breast-fed infants, energy 
metabolism was increased if cows’ milk was also given. Butte et al (1990) found 
higher values for formula-fed infants as compared to breast-fed infants, but no 
other study has investigated SMR and MOEE within sub-groups of breast-fed 
infants.  
The study was part of an observational study on energy requirements of infants 
from high and low socio-economic status, and the classification into BM or BCM 
infants was made post-hoc. Nevertheless, there were no confounding factors that 
we are aware of that could have possibly biased the results.  
Analysis was done on the basis of MOEE for two reasons: (1) the lower value of 
MOEE was considered a better estimate of BMR, as infants were fed and 
measurements include TEF; (2) the external validity of our MOEE measurements 
was better than the SMR measurements because of the shorter protocol used for 
measurement of SMR (40 minutes versus a minimum of 1 hour used by others). 
However, analysis of SMR by feeding group gave similar results. Interestingly, 
the MOEE to SMR ratio was smaller in BM as compared to BCM infants. The 
overall ratio was similar to the 0.89 observed by others (Butte et al, 1990b; Wells 
& Davies, 1995b). Weight independent MOEE was calculated by normalising 
MOEE by weight0.347, and fat free mass independent MOEE was calculated from 
MOEE over fat free mass0.380. Wells & Davies found slightly higher exponents for 
calculation of mass independent SMR in 3 months old infants, 0.41 for 
normalisation by weight, and 0.45 for normalisation by fat free mass (Wells & 
Davies, 1995b). A study on milk intake (Drewett & Amatayakul, 1999) showed 
that the exponents for the association of milk intake and weight changed 
throughout infancy, and the changes in body composition that occur between 3 
and 8 months may explain the small differences in exponents found by Wells & 
Davies and this study.  
A covariance model showed that the effect of feeding group on MOEE was 
mediated by: (1) protein intake, (2) body weight. Explained variance of the 
model was 43.1%, suggesting that either additional mediators were involved in 
the association between MOEE and feeding group, or that the mediators 
included were not measured properly, and that this explained why all of the 
feeding group effect could not be eliminated. Measurements of body weight 
were accurate, but it is harder to obtain accurate food intake data. Food intake 
was not measured on the same day as the SMR measurements, and day-to-day 
variation of food intake in infants already receiving solids has been found to be 
about 12% in British infants (Black et al, 1983), and 25% in Asian infants 
(Harbottle & Duggan, 1994). Residual mediation from protein should therefore 
be considered.  
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Protein intake is known to be the most important determinant of TEF (Kleiber, 
1961), and theoretically at least part of the protein effect on MOEE could be 
explained by it’s contribution to TEF. However, Butte et al (1990) actually 
measured TEF in breast- and formula-fed infants, and found no difference. We 
calculated that 20% of the difference in MOEE between feeding groups could be 
attributed to TEF. High protein intake in early life has been suggested to 
influence later health outcomes. Rolland-Cachera et al (1995) suggested that the 
increase of IGF-I would influence maturation and trigger adipocyte 
multiplication, and they observed an association between high protein intake at 
the age of 2 years and a higher incidence of obesity at the age of 8 years. Similar 
results were obtained by Scaglioni et al (2000). Nielsen et al (1998) found faster 
weight gain between 5 and 10 months among the 10% of infants with the highest 
protein content in their diet (≥16 protein energy percentage).  
The role of IGF-I was further studied by Hoppe et al. They found that cows’ 
milk, but not meat has a stimulating effect on s-IGF-I (Hoppe et al, 2001; Hoppe 
et al, 2003). This suggests that some factor in cows’ milk other than protein could 
have been responsible for the metabolic differences found between BM and BCM 
infants.  
An alternative explanation for the effect of feeding group found may be through 
breast milk or the process of breast-feeding. As all infants in our study were 
breast-fed, any influence of the feeding process itself would have to be related to 
time spent on the breast, or the volume of breast milk intake. Breast milk intake 
was negatively correlated with MOEE, but did not mediate the feeding group 
effect. Time spent on the breast was not measured in this study, but one would 
expect it to be related to the volume of breast milk intake. Nevertheless, some 
mothers would let their infants suckle for a long time after the real feeding 
process had stopped, and we cannot exclude the possibility of MOEE being 
reduced by time suckling. Apart from breast milk volume, the composition of 
breast milk as compared to cows’ milk could also have contributed to the lower 
MOEE in BM infants. Breast milk is known to contain benzodiazepine-like 
sedative compounds (Dencker et al, 1992). Wells (2003) suggested a role for these 
compounds as part of the parent-offspring conflict, and proposed that a lower 
energy expenditure in breast-fed infants may be caused by them. 
Fat free mass and weight were correlated to MOEE to the same extent, but 
weight appeared a more significant mediator of the feeding group effect than fat 
free mass. This should be attributed to the bigger difference (although not 
significantly so) in weight between groups as compared to fat free mass. Fat 
mass tended to be different between feeding groups, with higher values in BCM 
infants, and if weight was replaced by fat mass and fat free mass, explained 
variance of the model improved slightly to 43.9%.  
Comparison with prediction equations based on UK infants (Wells et al, 1996) 
showed that values found by us were on average 93% of those predicted. The 
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difference was higher for BM as compared to BCM infants (p=0.024), which 
possibly reflects the feeding pattern of the UK infants. Furthermore, it has been 
demonstrated in birds (Weathers, 1979) and small mammals (Lovegrove, 2003), 
that SMR tends to be lower at lower latitudes. Such a trend cannot be excluded 
in metabolic patterns of infants, and the observation that MOEE in Brazilian 
infants is lower than in the UK would fit with this finding. Recently, a 5% 
reduction in energy expenditure (TEF and SMR) has been described as a result of 
higher temperature (22°C as compared to 16°C) (Westerterp-Plantenga et al, 
2002), and this is in the same order of magnitude as the difference in SMR 
between Brazilian and UK infants (7%).  
There is some uncertainty as to whether SMR increases in case of illness. We did 
not find an association of MOEE (kcal/d or kcal/kg0.347/d) with health status (or a 
difference in health status between feeding groups). However, MOEE per kg 
body weight was higher in ill as compared to healthy children. This implies that 
illness does not increase energy used for basal metabolism, but the influence is 
through the infant’s reduced body weight as a result of illness. This suggestion is 
supported by the findings from Vasquez-Velasquez (1988b) who also found 
increased SMR per kg body weight in malnourished Gambian infants as 
compared to British infants. 
In conclusion, complementary feeding with cows’ milk appears to increase 
MOEE and SMR in breast-fed infants. The effect is partly through a higher 
protein intake in BCM infants, but even after adjusting for protein intake, the 
effect of feeding group remained significant, and either a bio-active factor in 
cows’ milk is responsible for a higher SMR in BCM infants, or alternatively, 
some factor associated with breast milk or breast-feeding keeps SMR low in BM 
infants.  
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O b j e c t i v e : To compare total energy expenditure (TEE), 
minimum observable energy expenditure (MOEE), activity 
energy expenditure (AEE) between breast-fed infants aged 8 
months of age from high and low socio-economic status (SES), 
and to investigate the effect of potential mediating factors on 
TEE and AEE. 
D e s i g n: Cross-sectional community based study in 67 infants 
(33 from high and 34 from low SES), in urban Pelotas, southern 
Brazil.  
M a i n  o u t c o m e  m e as u r e s :  TEE, and total body water were 
measured with doubly labelled water, MOEE with respiration 
calorimetry, breast milk intake using the dose-to-the-mother 
deuterium-oxide turnover method, food intake using 1-d food 
weighing, and Bayley Scales of Infant Development were used 
to assess motor development. Environmental factors were 
studied using a questionnaire. 
R e s u l ts :  TEE adjusted for ethnicity was 62.9 (95% CI 56.8-68.9) 
kcal/kg/d in high SES infants versus 75.9 (95% CI 69.9-81.8) 
kcal/kg/d in low SES infants (p=0.005). MOEE was not different 
between high and low SES infants (49.5 (97% CI 46.9-52.1) and 
29.8 (975 CI 46.9-52.7) kcal/kg/d, p=0.865), and so the difference 
in TEE was attributed to AEE (p=0.022). High SES infants were 
heavier and taller than low SES infants, with a tendency 
towards a higher prevalence of obesity. 
The effect of SES on AEE was mediated by crowding, and its 
inclusion into a covariance model decreased the differences 
between high and low SES infants to an extent that it was no 
longer significant (p=0.494).  
C o n c l u s i o n :  In high SES infants, TEE is 17% lower as 
compared to low SES infants. The difference in TEE is 
attributed to AEE rather than MOEE. The higher prevalence of 
obesity in high SES infants suggests that their low AEE may be 
of concern. On this basis the development of universally 
applicable values for energy requirements based on high SES 
infants, may not be acceptable. 
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INTRODUCTION 
 
The energy requirements (ER) of infants and young children are the energy 
intakes (EI) that will balance energy expenditure (EE) at a level of physical 
activity consistent with normal development and allow for deposition of tissues 
at a rate consistent with long-term health. In adults, energy requirements are 
estimated from basal metabolic rates (BMR) multiplied by a factor covering the 
energy cost of physical activity, and the thermic effect of food (WHO, 1985). This 
factor was later called “physical activity level” (PAL)(Butte, 1996). PAL values 
for infants (calculated from TEE/BMR) have recently been published by Butte et 
al (2000), but they depend heavily on the accuracy of measurements of TEE and 
BMR, and in infants the latter can only be approximated by SMR, and their use 
should therefore be avoided in relation to estimations of energy requirements in 
infants. The 1985-WHO/FAO/UNU recommendations for ER were derived from 
the observed food intakes of healthy, thriving children (WHO, 1985) compiled 
by Whitehead et al (1981); 5% was added to compensate for underestimation of 
food intake. Substantial evidence now exists that the 1985-WHO/FAO/UNU 
recommendations are overestimating ER for infants (Butte, 1996; Butte et al, 
2000a; Davies et al, 1990; Davies et al, 1997; De Bruin et al, 1998; Salazar et al, 
2000). In 1996, the need to revise these requirements was considered, and it was 
concluded that a revision would require expansion of the database on total daily 
energy expenditure (TEE) in children, especially in the second half of infancy. A 
modification of the recommendations should be derived from measurements of 
TEE with an added component for energy deposition in new tissue (Buyckx et al, 
1996). Updated ER have meanwhile been published (Food and Nutrition Board 
(FNB), 2002), and new WHO/FAO/UNU estimates are expected to become 
available soon. 
It could be argued that in line with the status of the debate on the new growth 
references (De Onis et al, 2001; WHO, 1998b; WHO, 2000), ER should also be 
derived from breast-fed infants from high socio-economic status (SES). 
However, although an effect of feeding pattern (breast- versus formula-fed) has 
been observed (Butte et al, 1990b; Butte et al, 2000a; Davies et al, 1990; De Bruin et 
al, 1998; Wells, 1994), and modified recommendations would take feeding 
pattern into account, no studies have addressed a possible effect of SES, and 
little is known on the influence of living in a poor environment on TEE and ER. 
In developing countries, prevalence of malnutrition and common infections in 
children under three years of age is such that they can be regarded as part of 
ordinary life. ER are estimated to be 8 to 14% higher for catch-up growth in 
children who are recovering from disease (Fjeld & Schoeller, 1988; Fjeld et al, 
1989; WHO, 1985). Similarly, Butte et al (1993b) showed increased TEE in 
Mexican infants who were living under poor conditions, and Vasquez-Velasquez 
(1988b) observed increased TEE and SMR in malnourished infants in the 
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Gambia. For these children current recommendations may not be too far above 
their metabolic needs. However, for those who are healthy, following these 
recommendations might eventually result in childhood obesity. Given the 
dramatic increase in  the prevalence of obesity and associated degenerative 
diseases in countries in transition as is Brazil (Mondini & Monteiro, 1997), this is 
a matter of growing concern.  
We compared components of TEE between infants from high and low SES. 
Factors potentially affecting TEE, SMR, and activity energy expenditure (AEE), 
such as sex, ethnicity, maternal and environmental characteristics, as well as 
child nutritional status, breast milk, cow’s milk, and complementary food intake, 
morbidity, and behaviour and development, were assessed. 
 
 
METHODS 
 
Study design 
The study was conducted in Pelotas, a city of about 330,000 habitants and 6,000 
births per year in the extreme south of Brazil (32° S and  52° W). Field work was 
from October 2001 to May 2002. Mean temperature ranged from 15.5 to 24.0°C, 
with maximum temperatures ranging from 28.2 to 36.2°C. Relative humidity is 
high in Pelotas, and ranged from 79.9 to 89.6% (Centro de Meteorologia, 
Universidade Federal de Pelotas). The study was designed as a cross-sectional 
study to compare TEE, SMR, AEE, and ER between infants aged 8 months of age 
from high and low SES. Participation of each mother-infant pair was for a period 
of three weeks. All measurements were done at the homes of the participating 
babies. During the first 14 days of data collection breast milk intake was 
measured using the dose-to-the-mother 2H2O turnover method. During one day 
in the second week of the study, food intake was measured by food-weighing. 
On day 14, a dose of doubly labelled water (2H218O, DLW) was given to the baby, 
and urine samples were collected until day 21. During this last week sleeping 
metabolic rate and child development were also assessed. Morbidity was 
monitored throughout the study period.  
 
Subjects 
An electronic database (SINASC) including all birth registrations in Pelotas was 
used for the selection of mother-baby pairs. From the database a selection was 
made using the following criteria: (1) mother living in urban Pelotas; (2) birth-
weight ≥ 2,500 g; (3) gestational age between 37 and 41 weeks; (4) single birth; (5) 
healthy at birth; (6) maternal education ≤ 3 year (low education, low SES group) 
or maternal education ≥ 8 years (high education, or high SES group). Maternal 
education was used as a proxy for SES (Victora et al, 1992). From the 1993 Pelotas 
birth cohort a linear association was found between years of education and 
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percentage of stunting at 6 months: the prevalence of stunting was 9.3% in 
infants whose mothers completed less than 4 years of education; 4.1% in infants 
whose mothers completed between 4 and 8 years of education; and 3.1% in 
infants whose mothers completed 8 or more years of education. The middle 
category was not included in this study. 
Weekly quota of 5 mothers were selected (3 from the high SES group and 2 from 
the low SES group in the first week; 2 from high SES and 3 from low SES in the 
second week; and so on). 
Mothers whose babies would complete 8 months on a week day (this allowing 
data collection) were first visited in their homes when the baby was about 7 
months old. During this visit data obtained from the database were verified, and 
an additional inclusion criteria was added: only babies who were still breast-fed 
were included. All babies were healthy at the beginning of the study. 
 
Environmental factors, indicators of socio-economic status 
A standardised questionnaire was used to study maternal and paternal 
education, family income, employment, availability of water and sanitation, 
crowding, parity, and smoking behaviour. Schooling of the father was 
categorised as for the mothers (≤ 3 years; 3.1-7.9 years; ≥ 8 years).  Income was 
categorised using minimum salaries (ms) for Brazil (at the time of the study this 
was R$ 180 per month, or approx. USD 80 per month). Crowding was calculated 
from: the number of persons living in the house / (the number of bedrooms + 1). 
 
Anthropometry 
Weight and length of each baby was measured on the first day of the study by 
the study coordinator. Weight was measured again at day 14 and 21 by trained 
field workers responsible for the urine and saliva collection as part of the isotope 
work (see below). The infants were weighed without clothes using a portable 
electronic UNICEF scale accurate to 0.1 kg. Length was measured using a 
standardised anthropometer (AHRTAG baby length measures: London, UK).  
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 The prevalence of obesity was assessed on the basis of body mass index (BMI, 
kg/m2). At the age of 8 months infants were classified as being overweight or 
obese using cut-off points corresponding to a BMI of 25 for overweight and 30 
for obesity at age 18, as suggested by Cole et al (2000). Z-scores were calculated 
from: (individual BMI value – mean BMI by sex)/ SD by sex. For girls Z-scores of 
1.19 and 2.0 were used as cut-off points for overweight and obesity respectively, 
and for boys these values were 1.30 and 2.0.  
Normalisation of TEE, energy and macronutrient intake by weight were based 
on weight at day 14. Normalisation of SMR by weight was based on weight at 
day 14 or 21, whichever was closer to the date of measurement. If the 
measurement of sleeping metabolic rate needed to be done more than a week 
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later after day 21 of the study, weight was measured again on the same day as 
the SMR measurement, and this weight was used for normalisation.  
Mothers were weighed at day 0 of the deuterium study without shoes but with 
clothes using the same UNICEF scale, and maternal weight was calculated as the 
difference between the weight with clothes and the weight of clothes. Maternal 
height was measured to the nearest mm using a locally developed portable 
stadiometer. Maternal body mass index was calculated from: weight (kg)/ height 
(m)2.  
 
Maternal body composition 
The same dose of 0,5 M deuterium given to the mother for measuring breast 
milk intake (see below), also served to measure maternal total body water. Fat 
free mass was derived from the deuterium dilution space, after adjustment for 
nonaqueous exchange, using a water content of lean tissue of 73% (International 
Atomic Energy Agency, 1990). Fat mass was calculated as the difference between 
weight and fat-free mass. A fat mass index (FMI) was then calculated from fat 
mass (kg)/ height (m)2, and a fat free mass index (FFMI) from fat free mass (kg)/ 
height (m)2  (Van Itallie et al, 1990).  
 
Intake of complementary foods 
Intake of complementary foods was measured by 1-day food-weighing using a 
mechanical scale that was calibrated against standard weights. For details of the 
measurements be referred to Annex III. 
 
Morbidity 
Twice weekly morbidity questionnaires were applied. Details can be found in 
Annex III.  
 
Child development and behaviour 
The Motor and the Behaviour Rating Scales of the Bayley Scales of Infant 
Development (Bayley, 1993) were used for assessment of motor development 
and infant behaviour. The assessment was conducted at the homes of the babies 
by a trained psychologist. The Motor Scale provides (1) a raw score, which is the 
total  number of items the child successfully applies (for an 8 month old child, 
the minimum score is 35, and the maximum 73); (2) the Psychomotor 
Development Index (PDI), ranging from 50-150. The PDI subsequently allows 
classification into four categories: (a) accelerated performance; (b) within normal 
limits; (c) mildly delayed performance; (d) significantly delayed performance. 
The Behaviour Rating Scale consists (for an eight month old infant) of four 
separate factors, the sum of which results in a total raw score. The factors are: (1) 
Engagement Factor; (2) Regulation Factor; (3) Motor Quality Factor; (4) 
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Additional Items. The total raw scores are transformed into percentiles 
indicating normal, sub-optimal, or non-optimal behaviour. 
 
Sleeping metabolic rate, breast milk intake and total energy 
expenditure 
SMR was measured by respiration calorimetry using a DeltatracTM MBM-100. 
Breast milk intake was measured using the dose-to the-mother deuterium 
dilution method, and TEE was measured using doubly labelled water (DLW). A 
detailled description of these methods is given elsewhere (see Annex III). 
 
Activity energy expenditure 
AEE was estimated from the difference between TEE and MOEE. PAL was 
defined as the ratio of TEE to MOEE.  
 
Energy requirements 
Energy requirements (ER) were calculated from: TEE + energy deposited in 
growth. 
Energy deposition was calculated from:  
Energy content of tissue deposition (kcal/g) * weight gain (g/d). For energy 
content of tissue deposition a value of 1.5 kcal/g was used for boys, and 1.8 
kcal/g for girls (Food and Nutrition Board (FNB), 2002). Weight gain (g/d) was 
calculated from the total gain in weight during the three weeks of the study 
divided by 21.   
 
Sample size 
The main study outcome was TEE. Data from Dutch breast-fed infants were 
used for sample size calculations. The TEE of these infants at 8 months was 82.6 
(± 9.8) kcal/kg/d (de Bruin et al, 1998). The same authors found an 8% difference 
in TEE at 8 months between breast-fed and formula-fed infants. To detect a 
difference of the same magnitude in TEE between high and low SES infants as 
statistically significant, assuming a standard deviation of 9.8 kcal/kg/d, the study 
required 35 infants in each group. These calculations assume a Type I error 
(alpha) of 5%, two-tailed, and a Type II error (beta) of 20%, that is, a statistical 
power of 80%.  
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To allow for any unforeseen reduction in sample size, we increased the total 
sample size by 8 (4 high SES, 4 low SES infants), i.e., 39 high SES and 39 low SES 
mother-infant pairs were enrolled. 
 
Figure 1 shows how the participating mother-infant pairs were obtained. 
Screening was done over a six month period. A total of 485 mothers were 
selected from the birth registry, using selection criteria available from the 
database. Of those, 438 could be traced in their homes when the baby was about 
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Figure 1. Sampling scheme. 
 
 
7 months and eligibility was reassessed by double-checking criteria obtained 
from the data base, and also obtaining information not available from the data 
base (breast-feeding). A total of 118 mother-infant pairs were eligible for the 
study at a time the baby was 8 months old. Main reason for exclusion was non 
breast-feeding. Nineteen mothers refused to participate (main reasons being no 
time, or travel), and a total of 99 mothers were enrolled in the study. During the 
course of the study five mothers stopped breast-feeding, eight mothers refused 
further participation and nine mothers were excluded because they were outside 
the quota of five mothers per week. This resulted in 77 mother-infant pairs who 
participated in and completed the main component of the study, i.e., the doubly 
labelled water study for measuring energy expenditure.  
From 10/77 infants data were excluded at the stage of isotope analysis, because 
of a poor fit of the experimental data (as a result of inaccurate sample collection 
or bad time recording). Statistical analysis was done on 67 infants, 33 from the 
high SES and 34 from the low SES group. Of those 67 infants, SMR was assessed 
in 54 infants. In five cases the indirect calorimeter was not available at the time 
of the study period. In another five cases, the maximum of five attempts was 
reached without a successful measurement (reasons being, child has no regular 
sleeping hours, child sleeps only while suckling on mother’s breast). And for 3 
subjects, the mother did not collaborate in scheduling a visit at her home to do 
the measurement, and so the study period passed without having done the 
assessment.  
Food intake data were available from 62/67 infants. Three mothers refused 
participation in this specific component of the study, and on two occasions the 
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measurement could not take place within the time frame required (i.e., within 
one week from the end of the study period). Breast milk intake, child 
development and behaviour, and morbidity was evaluated in all 67 infants 
included. 
 
Plan of data analysis 
A conceptual framework (Figure 2) was used to designate the hierarchy of 
determinants of the outcome variables (TEE, SMR, AEE, ER, EI, and growth) 
(Victora et al, 1997). Variables near the top of the figure influence those below 
them. Socio-economic factors (the distal determinants) may affect, directly or 
indirectly, all other groups of determinants of the outcome variables with the 
exception of sex and ethnicity, the only two variables that are out of the causal 
chain and should therefore be considered as potential confounders (Rothman & 
Greenland, 1998). Factors affected by SES may include environmental factors 
(such as crowding or availability of water and sanitation) and maternal 
characteristics (such as age, parity, nutritional status, and smoking). These 
variables in turn may affect the child’s birth-weight as well as its present 
anthropometric status, intake of breast milk or cow’s milk, morbidity, motor 
development, and behaviour. Finally, all of the above factors (Figure 2, level 3 
and 4) may affect EI, TEE, SMR, AEE, and ER, and will be considered as 
potential mediating factors. This hierarchy of determinants of the outcome 
variables was used as the basis of statistical analysis. The SPSS software package 
was used. 
 
Differences between infants from high and low SES were studied using a 
Student t-test for independent samples. Sex and ethnicity were studied for a 
possible confounding effect on EI, TEE, SMR, AEE, and ER as described by 
Rothman and Greenland (Rothman & Greenland, 1998). These factors were 
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Figure 2. Conceptual framework of determinants of energy metabolism. 
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considered as potential confounders if they were associated with both exposing 
variable (i.e., SES) and outcome (EI, TEE, SMR, AEE, and ER) significant at the 
p<0.10 level. They were considered definite confounders if their inclusion in a 
multiple regression model resulted in a minimum change of 10% in the crude 
difference in the outcome variable between study groups.  
As mentioned before, maternal education was used as a proxy for SES. Figure 2 
shows that maternal education is on the same level in the conceptual framework 
as is paternal education and family income (level 2). If a difference were to be  
 
Table 1. Anthropometric indices of 8-month old infants and their mothers by SES. 

 
High SES  

(n=33) 

 Low SES  

(n=34) 
p-value 

Mate rna l  nut r i t i ona l  s ta tus  

Maternal weight (kg) 

Maternal length (cm) 

Maternal body mass index (kg/m2) 

Maternal percentage fat 

Fat mass index (kg/m2) 

Fat free mass index (kg/m2) 

 

In fant  nut r i t i ona l  s ta tus  

Birth weight (kg) 

Length at birth (cm) 

Weight at 8 mo. (kg) 

Length at  8 mo. (kg) 

Head circumference at 8 mo. (cm) 

Weight for height Z-score 

Growth rate during 21-d of study (g/d) 

Weight gained during 21-d of study (kg) 

Weight gained from birth (kg) 

Body mass index (kg/m2) 

Fat free mass at 8.5 mo (kg)*  

Fat mass at 8.5 mo (kg)*  

Percentage fat at 8.5 mo* 

Fat mass index (kg/m2)* 

Fat free mass index (kg/m2)* 

 

61.2 (10.0) †

160.5 (5.5) 

23.6 (3.8) 

31.5 (8.1) 

7.7 (3.1) 

15.9 (1.8) 

 

 

3.4 (0.5) 

49.0 (2.2) 

8.7 (1.0) 

70.6 (2.5) 

45.0 (1.2) 

0.095 (1.01) 

9.8 (9.1) 

0.21 (0.19) 

5.5 (1.1) 

17.4 (1.6) 

6.2 (0.6) 

2.7 (0.7) 

29.7 (6.0) 

5.3 (1.4) 

12.4 (1.0) 

 

61.2 (15.5) 

157.2 (6.6) 

24.8 (6.1) 

28.4 (11.1) 

7.9 (4.9) 

17.3 (2.9) 

 

 

3.2 (0.3) 

48.7 (2.0) 

8.2 (1.1) 

69.3 (2.9) 

44.2 (1.6) 

-0.11 (0.77) 

10.9 (10.4) 

0.23 (0.22) 

5.2 (1.0) 

16.9 (1.3) 

6.0 (1.0) 

2.3 (0.8) 

27.7 (8.6) 

4.8 (1.6) 

12.4 (1.6) 

 

0.977 

0.038 

0.363 

0.198 

0.815 

0.035 

 

  

0.061 

0.589 

0.046 

0.043 

0.042 

0.361 

0.662 

0.662 

0.267 

0.216 

0.268 

0.080 

0.290 

0.171 

0.975 

† means and standard deviations; *one high SES infant excluded because of negative fat 
mass. 
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found in TEE between maternal education groups, an association with TEE 
would also be expected for paternal education and family income. The effect of 
paternal education and family income on TEE was studied using Pearson’s 
correlation coefficient, and one-way ANOVA was used to study differences in 
TEE between categories of paternal education and family income. 
Factors studied for a potential mediating effect on TEE were (see Figure 2): (1) 
environmental characteristics, such as crowding, numbers of hours working 
away from the child, availability of water and sanitation, mother smoking, 
mother working away from home, type of birth (vaginal versus Caesarean); (2) 
maternal characteristics, such as maternal age, maternal weight, maternal height, 
maternal body mass index, maternal fat mass, maternal fat free mass, percentage 
body fat, fat mass index, fat free mass index, parity; and (3) child characteristics, 
i.e., birth weight, length at birth, baby’s weight, length, head circumference, BMI, 
fat mass, fat free mass, fat mass index, fat free mass index, breast milk, and cow’s 
milk intake, morbidity, motor development and child behaviour scores. For 
continuous variables, Pearson’s correlation coefficient was used to study 
associations between the potential mediating factors and TEE; for categorical 
variables one-way ANOVA was used. Those variables associated with TEE 
significant at the 0.10 level were subsequently entered into a model of covariance 
to determine the extent to which the SES effect was mediated by them. The same 
procedure was repeated for AEE. 
 
Quality control 
Quality control measures included the use of standardised questionnaires and 
interviewer guides, checking all questionnaires by a supervisor, and monitoring 
visits throughout the field work period. All field workers were trained before 
the start of the study. Data were entered twice using Epi-Info 6.0, and checked 
for faulty entry. Isotope analyses were done in duplicate. 
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Ethics 
The study was approved by the ethical committee of the Universidade Federal 
de Pelotas, affiliated with the National Commission on Research Ethics or the 
Brazilian Ministry of Health, and an informed consent was signed by the 
mother. At the end of the study the individual results were sent to the 
participating mothers for their information. 
  
 
RESULTS 
 
Subjects 
Table 1 shows anthropometric indices of the infants and their mothers by SES. 
For the mothers there were no significant differences in age, weight, % fat or 
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FMI, but high SES mothers were significantly taller (high SES, 160.5 cm; low SES, 
157.2 cm, p=0.038), and their FFMI was lower (high SES, 15.9; low SES 17.3, 
p=0.035). High SES mothers had on average 2 children, whereas the low SES 
mothers had 3.5 (p=0.001).  
Birth weight of low SES infants tended to be lower as compared to high SES 
infants (high SES, 3.4 kg; low SES, 3.2 kg, p=0.061), and at 8 months nutritional 
status of the infants from low SES was significantly poorer. High SES infants 
were heavier (high SES, 8.7 kg; low SES, 8.2 kg, p=0.046), taller (high SES, 70.6 
kg; low SES, 69.3 kg, p=0.043), and had a larger head circumference (high SES, 
45.0 cm; low SES, 44.2 cm, p=0.042). High SES infants tended to be fatter (high 
SES, 2.7 kg; low SES 2.3 kg, p=0.08), and have a higher percentage fat (high SES, 
29.7%; low SES, 27.7%, p=0.290). Mean BMI (high SES, 17.4; low SES, 16.9, 
p=0.216), and prevalence of overweight (based on BMI Z-scores) also tended to 
be higher in high SES infants (high SES, 6 out of 33 (18.2%); low SES, 2 out of 34 
(5.9%), p=0.150). None of the infants were classified as being obese. 
Of the 67 infants, 30 were male. There was no difference in sex distribution 
between the two SES groups (high SES, 45.5% male; low SES, 44.1% male, 
p=0.912). Ethnicity was different between the high and low SES group, in that 
the high SES group consisted of a larger percentage of white infants (high SES, 
87.9%; low SES, 44.1%, p<0.001). Overall, 66% was white, 27% black, and 7% 
mixed. Body composition was not different between sexes, or ethnic groups, 
although FFMI tended to be higher in white infants (high SES, p=0.072). 
 
Refusals and drop-outs 
Of the 19 mother-infant pairs who refused to participate in the study (see Figure 
1), 11 were from the high SES, and 8 from the low SES group. There were no 
differences in maternal and environmental variables, nor in infant birth weight 
or length between these refusals and the mother-infant pairs included in the 
study. A further 8 mothers did not complete the study. Of those 7 were from the 
low SES group. These mothers tended to be younger (p=0.06) and less 
educated(p=0.09) compared to the low SES mothers who completed the study. 
Anthropometric indices were not different. Of the 10 mother-infant pairs that 
were lost due to problems at the stage of isotope analysis, 6 were from the high, 
and 4 from the low SES group. Anthropometric indices were not different from 
the mother-infant pairs included, although birth weight and weight at 8 months 
tended to be lower in the mother-infant pairs lost (p=0.151, and p=0.254 resp.). 
 
Confounding factors 
Sex and ethnicity were investigated as possible confounders of the association 
between SES and TEE. As mentioned above there was no difference in sex 
distribution between high and low SES infants (i.e., exposing variable). In 
addition, TEE (kcal/d, kcal/kg/d, kcal/kg FFM/d), being the outcome variable,  

 
146 



Table 2. Indicators of socio-economic status and environmental characteristics. 

 High SES (n=33) Low SES (n=34) p-value 

Indicators of socio-economic status 

Family income (reais/ month) 

Paternal education 

Maternal education 

 

Environmental determinants 

Crowding* 

Mother working away from home (%) 

Mother smoking (%) 

Tap water (%) 

Flushing toilet (%) 

 

1031 (995) †

9.7 (3.3) 

10.7 (2.3) 

 

 

1.6 (0.7) 

24.2 

15.1 

100 

100 

 

193 (173) 

3.8 (1.8) 

2.0 (1.1) 

 

 

3.1 (1.2) 

5.8 

44.1 

73.5 

64.7 

 

0.000 

0.000 

0.000 

 

 

0.000 

0.035 

0.010 

0.001 

0.000 

† means and standard deviations; *crowding: Number of persons in a household/ 
(number of bed rooms + 1).  
 
 
was not different between the sexes. TEE (kcal/d) was 600 (SD 143) kcal/d in 
boys as compared to 575 (SD 141) kcal/d in girls (p=0.480). Normalised for 
weight, TEE was 68.2 (SD 15.9) in boys versus 70.5 (SD 19.3) kcal/kg/d in girls 
(p=0.599), and normalised for FFM, TEE was 96.0 (SD 23.5) in boys as compared 
to 98.6 (SD 26.2) in girls (p=0.672). Sex was therefore not a confounder of the 
association between TEE and SES, and there was thus no need for stratification 
by sex. 
Ethnicity was found to be different between SES groups (see Subjects section), 
and TEE (kcal/d, kcal/kg/d, kcal/kg FFM/d) was also different between white 
and non-white infants. TEE (kcal/d) was 562 (SD 147) kcal/d in white as 
compared to 631 (SD 122) kcal/d in non-white infants (p=0.059). Normalised for 
weight TEE (kcal/kg/d) was 66.0 (SD 18.8) kcal/kg/d in white infants as 
compared to 76.0 (SD 13.8) kcal/kg/d in non-white infants (p=0.028). TEE 
normalised for FFM was 92.0 (SD 26.0) kcal/kg FFM/d in white and 107.9 (SD 
19.0) kcal/kg FFM/d in non-white infants (p=0.012). Further analysis (see below) 
showed that the inclusion of ethnicity in the regression model resulted in a >10% 
decrease in the crude difference of TEE between study groups (high versus low 
SES). Ethnicity was therefore treated as a confounder in subsequent analyses of 
TEE, and all analyses concerning TEE were adjusted for ethnicity. 
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Comparisons of mass independent TEE (TEE0.258) between sexes and white and 
non-white infants gave similar results (p=0.705 and p=0.041). 
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Table 3. Isotope dilution spaces, fractional turnover rates of 2H and 18O, and rates of water 
and carbon dioxide production measured by the doubly labelled water method. 

Measure High SES Low SES Overall p-value 

NH

 (kg) 

NO (kg) 

ND/NO

kD (1/d) 

kO (1/d) 

kD/kO 

rCO2 (l/d) 

rCO2 (l/kg/d) 

rCO2 (moles/d) 

rCO2 (moles/kg/d) 

rH2O  (kg/d) 

rH2O  (g/kg/d) 

5.18 (0.56)* 

5.00 (0.51) 

1.037 (0.022) 

0.224 (0.030) 

0.266 (0.027) 

0.837 (0.043) 

96.8 (26.3) 

11.1 (3.1) 

4.32 (1.17) 

0.49 (0.14) 

1.17 (0.18) 

133.6 (23.2) 

4.95 (0.80) 

4.80 (0.77) 

1.032 (0.031) 

0.216 (0.024) 

0.264 (0.025) 

0.816 (0.038) 

112.8 (21.8) 

13.7 (2.7) 

5.04 (0.97) 

0.61 (0.12) 

1.07 (0.19) 

130.8 (23.1) 

5.06 (0.69) 

4.89 (0.65) 

1.034 (0.027) 

0.220 (0.027) 

0.265 (0.026) 

0.826 (0.042) 

104.8 (25.1) 

12.4 (3.2) 

4.68 (1.12) 

0.55 (0.14) 

1.12 (0.19) 

132.2 (23.0) 

0.170 

0.214 

0.455 

0.241 

0.760 

0.031 

0.009 

0.000 

0.009 

0.000 

0.043 

0.616 

*means and standard deviations;   for a description of the abbreviations, see Annex III. 
 
 
Indicators of socio-economic status and environmental 
characteristics 
Table 2 presents indicators of SES and environmental characteristics by SES 
group. Income of high SES families was 1031 reais per month (or 5.7 minimum 
salaries per month for Brazil), as compared to an income of 193 reais per month 
(or 1.1 minimum salaries) in low SES families (p<0.001). High SES fathers had, 
on average, completed 9.7 years of schooling, whereas the low SES fathers went 
to school 3.8 years (p<0.001). The high SES mothers had nearly completed 
secondary school (10.7 out of 11 years), but the low SES mothers had attended 
school for 2.0 years only (p<0.001).  
Crowding was higher in low SES as compared to high SES families (high SES, 
1.6; low SES 3.1 persons/(no.bedrooms+1), p<0.001). High SES mothers worked 
away from home more frequently than the low SES mothers (high SES, 24.2%; 
low SES, 5.8%, p=0.035). Smoking was more common amongst low SES mothers 
(high SES, 15.1%, low SES, 44.1%, p=0.010). All high SES families had tap water 
and a flushing toilet, whereas 73.5% of the low SES families had tap water and 
only 64.7% had a flushing toilet (p=0.001 and p<0.001). Caesarean births tended 
to be more common in the high SES (48.5%) as compared to the low SES group 
(29.4%, p=0.136). 
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Effect of SES on TEE 
Table 3 shows isotope dilution spaces, fractional turnover rates, and rates of 
water and carbon dioxide production by SES, and Table 4 shows TEE calculated 
from it. The ratio of 2H and 18O turnover rates, and CO2 production was 
significantly different between groups (p=0.031 and p=0.009 respectively).  TEE 
(kcal/d, kcal/kg/d, kcal/kg FFM/d) was significantly different between high and 
low SES infants. Crude means were 541 (SD 149) kcal/d for high SES as 
compared to 629 (122) kcal/kd for low SES infants (p=0.010). Normalised for 
weight TEE was 62.0 (SD 17.6) kcal/kg/d for high SES infants versus 76.6 (SD 
14.9) kcal/kg/d in low SES infants (p<0.001);  normalised for FFM, TEE was 87.6 
(SD 24.5) kcal/kg FFM/d in high SES as compared to 107.0 (SD 21.7) kcal/kg 
FFM/d in low SES infants (p=0.001). Comparisons between groups of mass 
independent TEE (TEE0.258) gave similar results (p=0.004)(not shown in the table).  
 
Table 4. Components of energy expenditure by SES  

 High SES Low SES p-value 

TEE (kcal/d)*‡ 

TEE (kcal/kg/d)* 

TEE (kcal/kg FFM/d)* 

 

MOEE (kcal/d)‡

MOEE (kcal/kg/d) 

MOEE (kcal/kg FFM/d) 

 

SMR (kcal/d) 

SMR (kcal/kg/d) 

SMR (kcal/kg FFM/d) 

 

AEE (TEE-MOEE) (kcal/d)* 

AEE (TEE-MOEE) kcal/kg/d)* 

AEE (TEE-MOEE) (kcal/kg FFM/d)* 

 

AEE (TEE-SMR) (kcal/d)* 

AEE (TEE-SMR)(kcal/kg/d)* 

AEE (TEE-SMR) (kcal/kg FFM/d)* 

549 (498-599)†

62.9 (56.8-68.9) 

89.5 (80.9-98.0) 

 

435 (416-453) 

49.5 (46.9-52.1) 

70.7 (67.4-74.1) 

 

485 (468-503) 

55.3 (52.5-58.2) 

79.1 (75.6-82.5) 

 

112 (52 – 172) 

13.1 (6.0-20.2) 

18.2 (8.4-28.0) 

 

59.3 (-0.6-119) 

7.0 (-0.08-14.2) 

9.5 (-0.3-19.3) 

622 (572-672) 

75.9 (69.9-81.8) 

105.2 (96.8-113.6) 

 

405 (384-425) 

49.8 (46.9-52.7) 

69.5 (65.0-74.1) 

 

457 (438-475) 

56.2 (53.4-59.0) 

78.4 (74.0-82.9) 

 

204 (141-267) 

26.2 (18.7-33.6) 

35.1 (24.9-45.4) 

 

154 (91.9-217) 

20.0 (12.6-27.5) 

26.6 (16.4-38.9) 

0.054 

0.005 

0.015 

 

0.031 

0.865 

0.661 

 

0.022 

0.663 

0.812 

 

0.053 

0.022 

0.030 

 

0.045 

0.022 

0.028 
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*adjusted for ethnicity; †means and 95% confidence intervals; ‡ TEE-values are based on 
67 infants; MOEE, SMR, AEE values are based on 54 infants. 
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Table 4 presents TEE adjusted for ethnicity by SES. TEE adjusted for ethnicity 
was 62.9 (95%CI 56.8-68.9) kcal/kg/d in the high SES group versus 75.9 (95%CI 
69.9-81.8) kcal/kg/d in the low SES group (p=0.005). Adjustment for ethnicity 
reduced the difference between groups from 14.6 to 13.0 kcal/kg/d (>10%). 
 
Effect of paternal education and family income on TEE 
Years of paternal education and family income were negatively associated (after 
adjusting for ethnicity) with TEE (kcal/kg/d) (paternal education, r=-0.312, 
p=0.012; family income, r=-0.298, p=0.015). TEE (kcal/kg/d) adjusted for ethnicity 
was 80.1 (95%CI 71.2-89.0) kcal/kg/d in infants whose fathers had no more than 
3.0 years of schooling; 67.6 (95%CI 60.7-74.6) kcal/kg/d in the group with 3.1 to 
7.9 years of paternal education; and 64.4 (97%CI 57.4-71.4) kcal/kg/d in the group 
with 8 or more years of paternal education (p=0.026). TEE (kcal/kg/d) adjusted 
for ethnicity by income category was 70.5 (97%CI 65.9-75.1) kcal/kg/d in the 
lowest category (0 through 4 minimum salaries); 73.3 (95%CI 62.3-82.2) kcal/kg/d 
in the middle category (4.1 through 8 minimum salaries); 52.8 (95%CI 40.0-65.5) 
kcal/kg/d in the highest category (more than 8 minimum salaries) (p=0.037). 
 
Minimal observable energy expenditure and sleeping metabolic rate 
Table 4 also shows results for MOEE and SMR. MOEE (kcal/d) was significantly 
different between high and low SES infants (high SES, 435 (SD 48.3) kcal/d 
versus low SES, 405 (SD 50.5) kcal/d; p=0.031). However, normalised for body 
weight, MOEE (kcal/kg/d) was not different between study groups (high SES, 
49.5 (SD 6.8) versus low SES, 49.8 (SD 7.2) kcal/kg/d, p=0.865). Equally, there was 
no difference between groups if data were normalised for fat free mass (high 
SES, 70.7 (SD 8.4) kcal/kg FFM/d versus low SES, 69.5 (SD 11.3) kcal/kg FFM/d, 
p=0.661). MOEE (kcal/d, kcal/kg/d, kcal/kg FFM/d) was not different between the 
sexes, nor between white and non-white infants. Comparisons of SMR (kcal/d, 
kcal/kg/d, kcal/kg FFM/d), and mass independent MOEE (MOEE0.347) and SMR 
(SMR0.313) between SES groups, sexes or white and non-white infants gave 
similar results. 
 
Activity energy expenditure and PAL scores 
AEE (TEE-MOEE, kcal/d, kcal/kg/d, kcal/kg FFM/d) was significantly different 
between study groups (Table 4). Unadjusted mean values were 102 (SD 150) 
kcal/d in high SES as compared to 214 (kcal/d) in low SES infants (p=0.007). 
Normalised for weight, these values were 12.2 (SD 17.6) kcal/kg/d for high SES 
infants, and 27.2 (SD 17.0) kcal/kg/d for low SES infants (p=0.002); and 
normalised for FFM, AEE was 16.7 (SD 24.0) kcal/kg FFM/d in high SES as 
compared to 36.7 (SD 23.7) kcal/kg FFM/d in low SES infants (p=0.003). Ethnicity 
was a confounding factor in the association of AEE and SES, and adjusted values 
were 13.1 (95%CI 6.0-20.2) kcal/kg/d in the high SES group, and 26.2 (95%CI 
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18.7-33.6) kcal/kg/d in the low SES group (p=0.022). AEE was not different 
between sexes.  
Comparisons based on AEE calculated as the difference between TEE and SMR 
gave similar results (Table 4). 
PAL values (TEE/MOEE) were higher in the low as compared to the high SES 
group. Unadjusted values for PAL were 1.24 (SD 0.34) in high SES infants as 
compared to 1.55 (SD 0.38) in low SES infants (p=0.003). Adjusted for ethnicity, 
these values were 1.27 (95%CI 1.12-1.49) and 1.52 (95%CI 1.37-1.68) respectively 
(p=0.033). PALs calculated from TEE/SMR  were 1.12 (SD 0.32) in high SES 
infants, as compared to 1.37 (SD 0.29) in low SES infants (p=0.004) with adjusted 
values of 1.13 (95%CI 1.01-1.26) and 1.35 (95%CI 1.22-1.49) respectively (p=0.030). 
 
Energy requirements 
The energy content of tissue deposition was 16.2 (SD 14.8) kcal/d in the high SES 
group, as compared to 18.2 (SD 17.8) kcal/d in the low SES group (p=0.620). This 
value was added to TEE to constitute ER of 558 (SD 151) kcal/d in high SES 
infants, and 648 (SD 128) kcal/d in low SES infants (p=0.011). Normalised for 
weight these values are 63.9 (SD 17.8) kcal/d in high SES infants and 78.9 (SD 
15.8) kcal/kg/d in low SES infants (p=0.001); normalised for fat free mass ER are 
92.0 (SD 24.9) kcal/kg FFM/d in high SES and 110.1 (SD 22.7) kcal/kg FFM/d in 
low SES infants (p=0.001). There were no differences in ER between the sexes, 
but ethnicity was a confounder, and ER adjusted for ethnicity are 64.7 (95%CI 
58.5-70.9) kcal/kg/d in high SES infants as compared to 78.1 (95% 71.9-84.2) 
kcal/kg/d in low SES infants (p=0.005). 
Figure 3 illustrates the partitioning of energy requirements by SES. The small 
discrepancy in the sum of MOEE, AEE, and energy for growth as shown in the 
figure as compared to values for energy requirements given above is due to the 
smaller sample size for MOEE and AEE as compared to TEE.  
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Figure 3. Partitioning of energy requirements (kcal/kg/d). 
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The figure is based on those infants from whom data on both TEE and MOEE 
were available, n=54, and values are non-adjusted for ethnicity.  
 
Energy and macronutrient intake 
Breast milk provided 56.0% (SD 27.7) of the energy intake; cow’s milk 10.1% (SD 
17.1), and solids 33.9% (SD 18.4). In terms of nutrients, 51.9% (SD 6.7) of the 
energy was from carbohydrates, 39.8% (SD 9.2) from fat, and 10.4% (SD 3.1) from 
protein. There were no differences between high and low SES infants. 
Table 5 shows milk and nutrient intake by SES. Breast milk intake was not 
different between groups (high SES, 690 (SD 334) ml/d; low SES, 651 (SD 342) 
ml/d; p=0.439), but intake of cow’s milk tended to be higher in low SES as 
compared to high SES infants (high SES, 67.0 (SD 171) ml/d; low SES, 157 (SD 
223) ml/d; p=0.082). Percentage of infants receiving breast milk as the only 
source of milk (i.e., not receiving any cow’s milk) was not different between 
groups (high SES, 54.5% versus low SES, 52.9%; p=0.895). Energy intake tended 
to be higher in low SES infants (96.8 kcal/kg/d) as compared to high SES infants 
(86.3 kcal/kg/d, p=0.083). Macronutrient intakes were not different between high 
and low SES infants, and energy and macronutrient intakes were not correlated 
with weight, fat free mass, or fat mass. Ethnicity and sex were not confounding 
the association of energy intake and SES.  
 
Table 5. Food and nutrient intake by SES. 

 
High SES  

(n=32) 

Low SES  

(n=30) 
p-value 

Breast milk intake (ml/d) 

Breast milk intake (ml/kg/d) 

Intake of cow’s milk (ml/d) 

Intake of cow’s milk (ml/kg/d) 

Energy intake (kcal/d) 

Energy intake (kcal/kg/d) 

Protein intake (g/d) 

Protein intake (g/kg/d) 

Fat intake (g/d) 

Fat intake (g/kg/d) 

Carbohydrate intake (g/d) 

Carbohydrate intake (g/kg/d) 

Food quotient 

690 (334)* 

79.3 (38.8) 

67.0 (171) 

8.0 (24.0) 

748 (164) 

86.3 (20.6) 

19.4 (6.5) 

2.24 (0.75) 

32.9 (10.4) 

3.78 (1.24) 

105 (26.8) 

12.1 (3.41) 

0.869 (0.022) 

651 (342) 

79.2 (42.3) 

157 (223) 

19.0 (27.6) 

799 (184) 

96.8 (26.0) 

20.8 (8.2) 

2.51 (1.0) 

35.3 (10.) 

4.26 (1.28) 

109 (32.7) 

13.3 (4.55) 

0.866 (0.021) 

0.652 

0.989 

0.082 

0.082 

0.261 

0.083 

0.456 

0.224 

0.370 

0.142 

0.572 

0.260 

0.559 

* means and standard deviations 
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Table 6. Morbidity by SES. 

 
High SES  

(n=33) 

Low SES  

(n=34) 
p-value 

Diarrhea (no. days)* 

Cough (no. days) 

Running nose (no. days) 

Fever (no. days) 

 

Healthy during TEE measurement (%)

0.6 (1.5)†

4.1 (5.6) 

2.8 (4.9) 

0.76 (1.0) 

 

66.7 

1.2 (2.4) 

5.3 (6.0) 

1.9 (2.5) 

1.0 (1.8) 

 

55.9 

0.012 

0.429 

0.019 

0.036 

 

0.365 

* during three week study period; † means and standard deviations 

 
 
Discrepancy ER from EI and TEE 
ER estimated from TEE and energy deposition was 71.1 (SD 18.7) kcal/kg/d as 
compared to ER based on EI of 91.4 (SD 23.8) kcal/kg/d. The difference between 
the two estimations was 29% (p<0.001), and was not different by SES groups.  
 
Morbidity 
Low SES infants had a higher prevalence of diarrhoea and fever during the three 
week study period as compared to high SES infants (Table 6; high SES infants, 
0.6 (SD 1.5) day; low SES infants, 1.2 (SD 2.4) day; p=0.012). In contrast, high SES 
infants had a higher prevalence of running nose (high SES infants, 2.8 (SD 4.8) 
days; low SES infants, 1.9 (SD 2.5) p=0.019). During the week of the TEE 
measurements 66.7% of the high SES and 55.9% of the low SES infants were 
classified as healthy (p=0.365).  
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Bayley Scores of Infant Development 
The Psychomotor Development Index (PDI) was significantly higher in high SES 
as compared to low SES infants (high SES, 97.5 (SD 11.5); low SES, 89.9 (SD 13.8); 
p=0.017). 19% of all infants were classified as mildly or significantly delayed; in 
the high SES group this was 15% as compared to 24% in low SES infants 
(p=0.386). In each group 1 infant (3%) demonstrated accelerated performance. Of 
the individual items of the PDI (selected milestones in Table 7) only “infant 
walks with help” showed a significant difference in scoring percentage between 
groups: 25% of the high SES as compared to 6% of the low SES infants managed 
to walk with help (p=0.037).  
The behavioural rating scale (percentile) was not different between groups (high 
SES, 97.1 (SD 5.0); low SES, 95.9 (SD 7.5); p=0.476), but their was a tendency 
towards higher values for the engagement factor (p=0.122) and the motor quality  
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Table 7. Bayley scales of infant development.  

 High SES 

(n=34) 

Low SES 

(n=33) 

p-value 

Psychomotor Development Index 

Mildly or significantly delayed performance (%) 

Milestones (% of children performing) 

Sits alone firmly 

Turns from back to front 

Pre-walking movements 

Pulls to standing position 

Sits up from lying position 

Uses forceps grip to hold small sweet 

Turns trunk while sitting 

Moves from sitting to crawling position 

Stands up from lying position 

Walks sideways alongside furniture 

Sits down from standing position 

Holds pencil at extreme end 

Stands up from sitting position 

Walks with help 

Behavioural Rating Scale (percentile) 

Non-optimal behaviour (%) 

Engagement Factor (percentile) 

Regulation Factor (percentile) 

Motor Quality Factor (percentile) 

97.5 (11.5)* 

15 

 

94 

88 

84 

91 

38 

78 

88 

67 

59 

41 

22 

31 

31 

25 

97.1 (5.0) 

0 

97.1 (4.9) 

96.5 (7.5) 

96.1 (10.0) 

89.9 (13.8) 

24 

 

94 

76 

79 

79 

52 

76 

91 

55 

39 

36 

15 

21 

21 

6 

95.9 (7.5) 

0 

91.7 (19.2) 

97.4 (4.3) 

90.8 (18.8) 

0.017 

0.386 

 

0.975 

0.223 

0.562 

0.186 

0.256 

0.821 

0.658 

0.239 

0.107 

0.724 

0.485 

0.357 

0.357 

0.037 

0.476 

1.000 

0.122 

0.524 

0.159 

*means and standard deviations. 
 
 
factor (p=0.159) in high SES infants. None of the infants showed sub-, or non-
optimal behaviour.  
 
Mediating factors for TEE 
Table 8 presents partial correlations (adjusted for ethnicity) for potential 
mediating factors and TEE (kcal/d) with a level of significance <0.10. Of the 
potential mediating factors, TEE (kcal/d) was positively correlated with intake of 
cow’s milk (ml/d), and fat free mass (kg). TEE further tended to be correlated 
with weight (r=0.19, p=0.117), but not with fat mass (r=0.02, p=0.884). TEE 
(kcal/d) was negatively correlated with breast milk intake (ml/d). Health status 
was not associated with TEE (kcal/d), nor were the number of days an infant  
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Table 8. Partial correlations of the association of TEE (kcal/d) (adjusted for ethnicity) 
and potential mediating factors. 

Mediating factor r p-value 

Intake of cows’ milk (ml/d) 

Breast milk intake (ml/d) 

Fat free mass (kg) 

0.267 

-0.223 

0.222 

0.038 

0.072 

0.074 

 
 
presented diarrhoea, fever, running nose, or cough correlated with TEE (kcal/d 
or kcal/kg/d).  
Table 9 shows the result of including the potential mediators presented in Table 
8 to the model of covariance describing the effect of SES on TEE (kcal/d). 
Inclusion of intake of cow’s milk into the model had no effect on the difference 
in TEE between groups. Breast milk intake slightly reduced the difference 
between groups, but its contribution to the model was not significant.  
 
Mediating factors of AEE 
AEE (kcal/d) was not correlated with any of the indicators of nutritional status, 
morbidity, and PDI. AEE (kcal/d) was positively correlated (at the p<0.10 level) 
with crowding, and maternal weight. Table 10 shows the contribution of these 
potential mediators of AEE to a model of covariance and its effect on the 
difference found between SES groups. Crowding reduced the difference in AEE  
 
Table 9. Analysis of covariance for the association between TEE (kcal/d) (adjusted for 
ethnicity) and SES.  
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Independent variable High SES – Low SES 95% CI p-value R2

SES 

 

SES 

Fat free mass (kg) 

 

SES 

Intake of cows’ milk (ml/d) 

 

SES 

Breast milk intake (ml/d) 

-73.3 

 

-80.0 

41.7 

 

-73.7 

0.156 

 

-66.9 

-0.085 

-148 – 1.4 

 

-15.3 - -6.7 

1.2 – 82.2 

 

-153 – 6.0 

-0.02 – 0.3 

 

-141 – 7.3 

-0.2 – 0.02 

0.054 

 

0.033 

0.044 

 

0.069 

0.085 

 

0.077 

0.101 

0.108 

 

0.164 

 

 

0.176 

 

 

0.145 
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Table 10. Analysis of covariance of the association between AEE (kcal/d) and SES 
(adjusted for ethnicity). 

Independent variable High SES – Low SES 95% CI p-value R2

SES 

 

SES 

Crowding 

 

SES 

Maternal weight 

-91.9 

 

-65.8 

19.3 

 

-92.2 

-0.2 

-185 – 1.2 

 

-186 – 54.7 

-36.9 – 75.4 

 

-187 – 1.9 

-3.3 – 2.8 

0.053 

 

0.278 

0.494 

 

0.055 

0.876 

0.146 

 

0.154 

 

 

0.146 

 

 
between groups by more than 10%, to an extent that it was no longer significant 
(from –91.9 kcal/d to –65.8 kcal/d, p=0.494).  
 
Figure 4 shows the association of AEE and crowding. The association was 
described by the following equation: 
 
AEE (kcal/d) = 48.7 + 48.7 * crowding    (R2=0.349, p=0.010).  
 

 
Figure 4. Activity energy expenditure (kcal/d) as a function of crowding (number of 
persons/ number of bedrooms + 1). 
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DISCUSSION 
 
TEE and calculated energy requirements (kcal/kg/d) were observed to be higher 
in infants from a low SES as compared to a high SES group but MOEE and SMR 
(kcal/kg/d) were the same between groups and the difference should therefore 
be attributed to AEE. The most important determinant of AEE was crowding: 
AEE increased with increasing number of persons sleeping in one room. Energy 
intake was also different between the groups but the differences were not so 
marked as those for TEE. High SES infants were taller and heavier than their low 
SES counterparts and percentage fat, fat mass and prevalence of overweight also 
tended to be higher in high SES infants. 
For the purpose of development of references, measurements are usually done 
in infants from middle and high SES, assuring that growth would not be 
compromised by sub-optimal living conditions. Several criteria, such as income 
or education, but also more complex classification systems including income, 
profession, housing conditions have been used for the classification by SES. As 
suggested by Monteiro et al (2001), these classifications do not always give the 
same conclusions. They found a protective effect of maternal education on the 
prevalence of obesity in Brazilian adults, but income was a risk factor. In 
contrast, Post et al (1996) showed a protective effect of income on obesity (as 
assessed by WHZ>2) in 12 months old infants in Pelotas. Reanalysis of the data 
using BMI to categorise infants gave the same conclusions. However, analysis of 
the same cohort of infants using maternal education to categorise infants into 
three SES classes, showed increased obesity in the highest SES group (with 
maternal education more than 8 years, corresponding to the high SES group in 
our study). This indicates that whenever conclusions are made about the 
influence of SES on health outcomes, and comparisons between studies made, 
the criteria used for classification by SES should be taken into account. The work 
described here aimed to provide insight into the differences in TEE between 
infants living under different socio-economic circumstances. Maternal education 
was chosen as the criterion for classification by SES, as this information (but not 
income) could be obtained from the electronic birth registry (SINASC), and an 
effect of maternal education independent of family income on child health 
outcomes had been observed in a 1982 birth cohort in Pelotas (Victora et al, 
1992). TEE was also different between categories of paternal education and 
family income, with results in the same direction, and these findings strengthen 
our conclusion that TEE is not just different between maternal education groups, 
but also differ in other indicators of SES.  
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Ethnicity was a confounder in the association of SES and TEE and AEE, and 
analysis were therefore adjusted for this factor. However, this does not imply 
that there is a genetic origin for the differences in TEE between white and non-
white infants. Rather, if a regression model is used to explain differences 
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between ethnic groups, SES appears as a highly significant mediator (results not 
shown). We should therefore conclude that the difference between ethnic groups 
is mediated through SES, and is phenotypic rather than genetic.  
The study has some limitations and strengths. The cross-sectional study design 
could be considered as a limitation, but for the purpose of the study (i.e., to 
compare TEE and ER between different socio-economic groups) adequate power 
at a fixed age was considered more important than having a smaller samples at 
various ages.  Strengths of the study were the large sample sizes per study 
group. Post hoc power calculations, using means and standard deviations of TEE 
observed, showed a statistical power of 96%. The large sample size also allowed 
an investigation of associations between components of TEE and ER and 
environmental, maternal, and infant characteristics. Another strength of the 
study were the simultaneous measurements of TEE and EI. This allowed 
comparison of ER based on EI (WHO, 1985), or based on TEE plus an added 
component for tissue deposition (Butte, 1996). The latter was found to give 
estimates that are 9-39% below the 1985-WHO/FAO/UNU estimates of ER. The 
difference we observed in ER based on EI or based on TEE is of the same 
magnitude (29%). An overestimation of usual intake is likely to have occurred. 
Mothers would schedule the food-weighing session on a day that food was 
likely to be available, and we suspect that mothers were feeding their infants 
more than they would have done had there not been somebody to weigh all the 
foods. This may explain some of the higher ER based on EI found in this study.  
The DLW methodology used in this study was modified from the usual 
procedure in that a dose of DLW was administered after first applying a dose-to-
the-mother 2H2O dilution method for measurement of breast milk intake. The 
reason for administering the DLW dose at the end of the 2 week breast milk 
measurement period was that had the TEE measurements preceded the breast-
milk measurements expensive DLW doses would have been wasted if infants 
had dropped out after the DLW measurements but before the breast-milk 
measurements. The consequence of the procedure used  was that there was 2H2O 
influx from breast milk during the DLW experiment. This was accounted for in 
the model applied to the isotopic data and furthermore no association was found 
between TEE and the breast milk intake supplying the additional isotopic influx. 
Thus, the modified method may have been the origin of the larger population 
coefficient of variation (CV) of TEE (kcal/kg/d) observed in this study (25% as 
compared to the 19% observed by Butte et al (2000) in 9 month old infants) but is 
unlikely to have contributed to a general or group specific bias.  
Isotope fractionation, defined as the proportion of total water loss that 
undergoes fractionation during evaporation across epithelial surfaces, was 
estimated to be 20% of total water flux. Average temperature ranged from 15.5 
to 24.0 °C, and relative humidity from 79.9 to 89.6% during the course of the 
study. The extreme humidity may have reduced the proportion of water losses  
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Figure 5. Energy requirements of high and low SES infants at 8.5 months compared 
with reference values. 
 
 
fractionated. A reduction in fractionation of 5% would have resulted in TEE 
values (kcal/kg/d) that were 2% higher. In the conversion of CO2 production to 
TEE, the RQ must be measured or assumed. We estimated RQ from the food 
quotient (Black et al, 1986), and used a value of 0.87. This is comparable with 
observations on FQ in the UK (Black et al, 1986). In breast-fed infants they 
estimated the FQ to be 0.835 rising to 0.870 during the process of weaning. An 
error in the estimated FQ of –0.01 would have resulted TEE values (kcal/kg/d) 
that were 1% higher. These potential errors are therefore unlikely to have had a 
big influence on the average TEE found, and for fractionation the error would 
have been the same in both groups, and would have had no effect on the 
difference found between low and high SES infants. 
A priori, we had hypothesised that TEE and ER could possibly be higher in low 
SES infants as results of the strain of the environment, thereby increasing basal 
metabolic needs for example due to infections or for catch-up growth. Although 
low SES infants had a higher prevalence of diarrhoea during the study period, 
we found no correlation between TEE and number of days the child was 
presented with diarrhoea, and so our a priori hypothesis was not confirmed by 
our findings. Rather, it was AEE that explained a difference in TEE between high 
and low SES infants. Analysis of covariance showed that the difference in AEE 
was mediated by crowding. Its inclusion into a multivariate model reduced the 
difference between groups to an extent that it was no longer significant. 
Crowding is expected to be inversely related to time spent sleeping. Infants from 
low SES live in small houses, sometimes sleep with 8 people in one room, and it 
is likely that they sleep or rest less, and thus spend more energy on activity. The 
tendency towards a higher prevalence of overweight in high as compared to low 
SES infants, suggests that the low TEE in high SES infants may not be a desirable 
situation. Child development, however, was better in high SES infants, and this 
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shows that a high AEE does not necessarily mean more energy towards 
development.  
Comparison of TEE observed in this study with findings from others at this age 
(see Figure 5) showed that TEE in high SES infants was about 20-25% lower than 
the latest reference values, whereas TEE in low SES infants was quite similar to 
those values. Although the average TEE (69.0 ± 17.6 kcal/kg/d) found in this 
study is lower than found by others (Butte et al, 2000a; Davies et al, 1990; Davies 
et al, 1997; De Bruin et al, 1998; Fjeld et al, 1989; Tennefors et al, 2003; Vasquez-
Velasquez, 1988b; see also the Synthesis, Table 17), it is within the 95% 
confidence intervals of values published by Butte et al (2000), and approximately 
on the 25th percentile as recently published by Reichman et al (2003). A difference 
in TEE between categories of SES has not been described before, but it is possible 
that a distinction between high and low SES infants in other studies would 
reveal similar results.  
The slightly lower values of TEE in this study, may also be attributed to an effect 
of latitude and temperature. This has been observed in birds (Hodum & 
Weathers, 2003; Klaasen, 1994), and may very well also apply to mammals. Most 
TEE work has been done in the US or UK, and a lower TEE in Brazilian infants 
could possibly be explained by a temperature effect. Recently, a 5% reduction in 
energy expenditure (TEF and SMR) has been described as a result of higher 
temperature (22°C as compared to 16°C) (Westerterp-Plantenga et al, 2002), and 
this is in the same order of magnitude as the difference (7%) in SMR we found 
by measuring Brazilian infants, and by predicting SMR from equations based on 
UK infants (Wells et al, 1996a).  
Three other studies have measured TEE in infants in countries at a lower latitude 
than US or UK. Butte et al (1993a) observed increased energy expenditure in 
Otomi infants in Mexico living at 2,800 m altitude as compared to Houston 
infants. Although latitude (northern hemisphere) was comparable with Brazil 
(southern hemisphere), environmental factors that affected TEE were infection, 
high altitude and cold exposure, very different from the low altitude, and hot 
climate in Brazil. Elevated basal metabolic rates have been observed in adults 
living at high altitudes (Nair et al, 1971), and the high altitude may have 
influenced TEE in Otomi infants. Vasquez-Velasquez (1988a) found increased 
SMR and TEE in malnourished infants in the Gambia, and Fjeld and Schoeller 
(Fjeld & Schoeller, 1988) observed increased TEE in infants during catch-up 
growth in Peru. However, to our knowledge, no study has compared healthy 
infants from different socio-economic groups within one population. 
It could be argued that  the difference in AEE and TEE between high and low 
SES infants is typical only at this specific age. The age of 8 months is an age the 
infants start to sit, to play, to crawl, i.e., it is an age at which the infant’s activity 
still depends to a large extent on the initiative from carers. Hypothetically, the 
difference could disappear at an age the infants start crawling and walking and 
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become more independent. However, the association between AEE and 
crowding, and also the lack of an association between child development and 
TEE (see annex IV), suggest that it is life style that influences TEE. The Brazilian 
Institute for Geography and Statistics uses crowding as an indicator of quality of 
life (IBGE, 2000) and it seems reasonable to assume that low SES infants will 
continue to live under the same circumstances that apparently result in higher 
AEE and TEE, and consequently low TEE in high SES infants may also persist in 
the future.  
Whether or not low TEE is a risk factor for the development of obesity later in 
life is a matter of some controversy. Roberts et al (1988) did find a higher 
prevalence of overweight in infants 1 year of age with low TEE, whereas Davies 
et al (1991) and Wells et al (1996b) did not find an association between TEE at 3 
months and fatness at 2-3.5 years of age. Others found that energy intake at 3 
months, not expenditure, is a determinant of body size at 1 year of age (Stunkard 
et al, 1999). 
MOEE and SMR were not different between high and low SES infants. A more 
elaborate discussion of the MOEE work can be found elsewhere (Haisma et al, 
submitted). The association between TEE and MOEE was not strong. The 
explanation for this may be physiological. At 8 months, infants spent part of 
their time crying, and crying is expensive in terms of energy (Thureen et al, 1998; 
Wells, 2003). In conclusion, energy requirements were found to be 17% higher in 
breast-fed infants from low SES as compared to breast-fed infants from high SES 
at age 8 months of age. The difference in TEE between high and low SES infants 
is attributed to AEE, and reflects the difference in life style between the 
categories of SES. The combination of the low TEE, low AEE and the tendency 
towards a higher prevalence of overweight in high SES infants is a matter of 
concern, that should be addressed by public health services. Energy 
requirements of both infants from high and low SES are well below the current 
recommendations, and our data support findings from others that these 
recommendations should be modified.  
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