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Abstract O b j e c t i v e s :  To measure the effect of breast-feeding pattern 

and socio-economic status (SES) on energy intake (EI), total 
energy expenditure (TEE), minimal observable energy 
expenditure (MOEE), activity energy expenditure (AEE), 
anthropometric measures, and the prevalence of obesity. 
D e s i g n:  Synthesis of a secondary analysis of the Pelotas 1993 
birth cohort (infants aged 12 months of age), and two 
community based studies in 4 and 8 month old infants in urban 
Pelotas, southern Brazil. Infants were categorised into three 
feeding groups: BM infants, receiving breast milk as the only 
source of milk; BCFM infants, receiving cows’ milk or formula in 
addition to breast milk, and (only in the Pelotas 1993 birth 
cohort) CFM infants, receiving cows’ milk or formula as the only 
source of milk. Infants were also categorised into two SES 
groups based on maternal education. 
M a i n  o u t c o m e  m e as u r e s :  At 8 months TEE was measured 
using doubly labelled water (2H218O), MOEE by respiration 
calorimetry. AEE was calculated as the difference between TEE 
and MOEE. EI was measured by 1-day food weighing (8 mo.) or 
frequency questionnaire (4 mo.), breast milk intake using the 
dose to the mother deuterium-oxide (2H2O) turnover method. 
Weight and length were measured, and body composition 
calculated from the isotope data. Prevalence of obesity was 
assessed on the basis of BMI Z-scores.  
R e s u l ts :  At 4 months EI (kcal/kg/d) of BCFM was 18% higher 
as compared to BM infants (p=0.008), with no differences in 
anthropometric measures, but at 8 months BCFM infants had a 
higher fat mass (kg, p=0.016), fat mass index (kg/m2, p=0.013), 
and MOEE (kcal/kg/d, p=0.041). At 12 months there was no 
difference in the prevalence of obesity or overweight between 
BM and BCFM infants. 
At 8 months TEE (kcal/kg/d) was 21% higher in low as compared 
to high SES infants (p=0.005). MOEE was not different, and so 
AEE (kcal/kg/d) was also higher in low SES infants (p=0.022). 
Overweight or obesity tended to be prevalent more in high SES 
infants at 8 but not at 12 months.  
C o n c l u s i o n s :  The development of universally applicable 
values for energy requirements based on data from high SES 
infants, without reference to feeding pattern, may not be 
acceptable. Results suggest that high SES infants receiving cows’ 
milk may be a population group that particularly need attention. 
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1 .  BACKGROUND AND JUSTIFICATION 
 
 
1.1 Pelotas, Rio Grande do Sul, Brazil 
Brazil is the largest country of the South American continent, and has borders 
with all its countries, except for Chile and Ecuador (Figure 1). It is the only 
country of the continent where Portuguese rather than Spanish is spoken. Brazil 
has a total of about 170 million habitants. The majority of the population is white 
(54%), and 39% is of mixed origin. Of the remainder 6% is black, and 1% of 
Asian or indigenous origin. Infant mortality in Brazil is estimated to be 29.7 per 
1,000 child births (IBGE, 2000). The state with the highest infant mortality is 
Alagoas (63 per 1,000) in the Northeast, and lowest infant mortality is found in 
Rio Grande do Sul (16 per 1,000). Obviously these are overall figures of the total 
regional population, and do not reflect the inequity1 existing in all of Brazil  
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Figure 1. Brazil map. 

                                            
1 Inequity in Brazil is the fourth largest in the world, following Swaziland, Nicaragua, and South Africa. 
UNDP (2001): Human Development Report. 
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(UNDP, 2001) and also in the South (IBGE, 2002). In Brazil, almost 50% of the 
working population does not have a regular income; 20% earn below the 
minimum salary (MS), another 14% earn more than this but less then twice MS, 
and 0.6% of the population earns more than 20 times MS. In the South the 
unemployment rate is 6.5%, as compared to 9.4% in the whole of Brazil (IBGE, 
2002). Rio Grande do Sul is the most southern state, and has a border with both 
Argentina and Uruguay. The capital is Porto Alegre, and Pelotas is a rather rural 
city 250 km further south (32° S and  52° W). Through the Lagoa dos Patos, the 
largest lagoon in the world, Pelotas is in direct contact with the Atlantic Ocean. 
In the days of colonisation (18th century) the Pelotas area was invaded by the 
Portuguese. They encountered a wealth of beef cattle, which they exploited as 
slave food. Numerous charqueadas were built for the production of smoked meat 
(charque), which was then shipped to the north where the majority of the slaves 
were working on fazendas. Slaves also worked in the charque industry, and this 
explains the relatively high percentage of black people living in Pelotas (11.6 % 
as compared to 3% the rest of Rio Grande do Sul (IBGE, 2000)). When slavery 
ended, Pelotas became a wealthy city because of the canned food industry but 
since the 1960s, the city has been in decline and unemployment is increasing.  
Today Pelotas is a city of about 330,000 habitants, and the urban part of the city 
covers an area of about 1,647 km2  (IBGE, 2000). Pelotas is at an altitude of 7 m, 
the climate is sub-tropical and humid with an average temperature of 17.6 °C 
and 1,249 mm annual rainfall. Temperature is highest in February and lowest in 
August. The majority of the Pelotenses work in services (civil services, 
education, health, banking, etc) and commerce, followed by industry, and only 
1% of the employed population work in agriculture. 4.3% of the children under 
14, and 9.7% of the children under 18 years of age work (Facchini et al, 2003). 
Pelotas has two universities. 
 
 
1.2  Demographic, epidemiological and nutrition transition 
As in many other countries in the world, longevity in Brazil has increased in the 
past decades (2000: 67.7 years). The longer life expectancy and the reduction in 
fertility rate (1975: 4.7 live births per woman; 2000: 2.3 live births per woman) 
that occurred at the same time, resulted in a larger proportion of elderly in the 
population (see Figure 2). In Brazil, there has also been a shift in life styles that 
coincided with the migration from rural to urban areas. In 1975, 61.8% of the 
population was living in urban areas, and in 2000 this had increased to 81.2% 
(UNDP, 2002).  
From 1980 to 1996 there has been an increase in the percentage of deaths from 
cardiovascular disease (25.2 to 27.5%), and this concurred with a decrease in 
mortality from infectious diseases (9.3 to 5.8%) (Ministério de Saúde, 1999). The 
causes of death are different by geographic area, and infectious diseases and  
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Figure 2. Demographic structure of the Pelotense population in 2000 (IBGE, 2000). 
 
 
malnutrition are still common causes in the north and northeast, whereas in the 
more prosperous parts of the country (south and southeast) degenerative 
diseases have become more important causes of death. These shifts in health and 
health indicators are referred to as the epidemiological transition.  
Related to the demographic and epidemiological transition is the nutrition 
transition, which describes the shift of dietary and nutritional patterns over time. 
From a diet rich in carbohydrates and low in fat, many developing countries 
have adopted a “Western style diet”, which means a diet rich in fat, low in fibre 
and carbohydrates (Drewnowski & Popkin, 1997). The nutrition transition in 
Brazil has been described by Monteiro and his colleagues (Monteiro, 1995; 
Monteiro, 2000; Monteiro et al, 2000; Monteiro et al, 1995). From 1962 to 1988, the 
changes in food patterns observed were similar for the urban population in the 
southeast and northeast of the country. The changes included: decreased 
consumption of grains and grain derivatives, beans, roots, and tubers; an 
increase in the consumption of eggs, milk and derivatives; a replacement of fat, 
lard, and butter with plant oils and margarine; and increased consumption of 
meat (Monteiro, 2000).  
The reduced levels of workers’ physical activity that were the result of the urban 
migration, with at the same time the changes in food habits are thought to be at 
least partly responsible for the increase in obesity in the past decade in Brazil 
(Monteiro, 2000) and other countries in transition (Popkin et al, 1996; Uauy et al, 
2001). However, the co-existence of both under- and overnutrition within one 
household (Doak et al, 2000) suggests a complex aetiology that is not fully 
understood, but which requires specific public health measures. 
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 Monteiro et al (1995) described the changes occurring in the prevalence of 
obesity in children and adults in Brazil taking into account socio-economic class. 
They observed concurrent increases in adult obesity (as assessed by body mass 
index, BMI) among all groups of men and women, but with a higher 
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Figure 3. Prevalence of obesity in infants 12 months of age by income category 
(minimum salaries (MS) for Brazil). 
 
 
proportional increase among the lower income families. Data from two birth 
cohorts in Pelotas (Post et al, 1996) showed a similar shift in the prevalence of 
obesity at 12 months (as assessed by WHZ) from the highest to the middle and 
lower income categories (Figure 3). In 1982, the prevalence of obesity was 10.6% 
in the income category with more than 10 minimum salaries (MS), and this 
decreased to 4.1% in 1993. In contrast, the prevalence of obesity in the income 
category with less than 1 MS increased from 2.4% in 1982 to 6.3% in 1993. In both 
studies (Monteiro et al, 1995; Post et al, 1996) obesity in children was defined as a 
weight-for-height of more than 2 standard deviations above the NCHS median. 
For adults, a body mass index (BMI)>30 was used to classify subjects as being 
obese. A study where the effects of income and education on the risk of obesity 
were studied independently (Monteiro et al, 2001), revealed a scenario that was 
quite different from that described above, and from what has now been 
generally admitted for the social distribution of obesity in developing countries. 
They found that income tended to be a risk factor for obesity, whereas education 
tended to be protective.  
In children, stunting was observed to be associated with overweight in countries 
undergoing the nutrition transition including Brazil (Popkin et al, 1996; Sawaya 
et al, 1995), and this has been attributed to impaired fat oxidation (Hoffman et al, 
2000c), and overeating (Hoffman et al, 2000a). Resting metabolic rate (Hoffman et 
al, 2000c) and total energy expenditure (Hoffman et al, 2000b) were not different 
between stunted infants and a control group with normal weight-for-height (>-
1.5 SD). 
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1.3 Growth monitoring: historical overview 
Growth charts are widely used throughout the world for assessing the 
nutritional status of young children. They serve the purpose of a diagnostic tool 
in public health services. Both excess weight and underweight of an individual 
relative to the reference can be diagnosed, and action taken. Comparisons 
between populations can also be made. Since the 1970s, when these charts began 
to be widely used, there has been some debate as to whether separate growth 
standards should be developed for every country or whether a single 
international reference is sufficient. Some argue that growth is different between 
ethnic groups (Goldstein & Tanner, 1980), but eventually it was decided that in 
the first five years of life ethnic influences on growth are minor compared to the 
large world-wide variation in growth related to health, nutrition, and SES 
(Graitcer & Gentry, 1981; Habicht et al, 1974; Martorell, 1985). The first 
universally adopted growth chart was constructed from four different data bases 
(Hamill et al, 1979) and developed by the US National Center for Health 
Statistics (NCHS). From the age of 2 until 18 years data were from three 
representative surveys conducted in the US between 1960 and 1975.  Data from 
birth until 2 years were obtained from the Fels Longitudinal Study conducted in 
Yellow Springs, Ohio, over a 46-year period (1929 to 1976). The Fels study has 
been criticised for various reasons (WHO, 1998b), the most important being 1) It 
was based on a restricted population (economically and ethnically); 2) The 
subjects were predominantly formula-fed infants; 3) There was a discrepancy in 
length at 2 months from the Fels data and the US data; 4) Weight and length 
measurements were obtained at birth, 1, 3, 6, 9, 12, 18, and 24 months. The low 
frequency of measurements made precise curve fitting difficult particularly in 
the first six months; 5) Curve fitting procedures used are outdated by current 
standards. Since the development of the NCHS curves, it was found that growth 
was different between formula and breast-fed infants (Dewey et al, 1995; 
Haschke & van't Hof, 2000; Victora et al, 1998; Whitehead & Paul, 1984; 
Whitehead et al, 1989; WHO, 1994). Breast-fed infants deviate from the curves in 
that they grow faster from birth up till 3 months of age, and from 6 to 12 months 
their growth seems to falter relative to the NCHS curves. The latter was thought 
to be a reason for health workers to recommend early introduction of 
complementary foods. Especially in developing countries, where sanitary 
conditions are poor, the introduction of complementary foods is coincident with 
the introduction of pathogens, and this was a matter of concern (WHO, 1998b). 
A new set of growth curves, known as the WHO breast-fed set and based on 
existing data on growth of breast-fed infants from 7 countries was consequently 
published (Dewey et al, 1995; WHO, 1994). Figure 4 shows the deviation of 
growth of the breast-fed set compared to the NCHS curves. At the same time, 
the Center for Disease Control (CDC) also revised the NCHS curves  
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Figure 4. Growth of female breast-fed infants as compared to currently used NCHS 
reference.  
 
 
(Kuczmarski et al, 2002). These CDC curves reflect growth from different socio-
economic groups, and include both breast- and formula fed infants. In Europe 
the Eurogrowth study developed growth curves with the same characteristics as 
the CDC curves, but a breast-fed subset of growth curves was also developed 
(Haschke & van't Hof, 2000). Despite the efforts of the CDC and the Eurogrowth 
study to construct new growth curves based on US and European infants 
respectively, WHO decided that new internationally applicable growth curves 
should be developed. These curves should be based on infants fed according to 
the WHO recommendations, which at the time of the initiative was exclusive 
breast-feeding until 4 months of age, introduction of solid foods between 4 and 6 
months, and a continuation of breast-feeding until 2 years and beyond. This 
criterion was later relaxed to include infants breast-fed until 1 year only. To 
increase ethnic diversity of the sample, and to make results more politically 
acceptable, it was decided that data would be obtained from several countries 
around the world. Infants included would be from high or middle class to 
ensure that they would be growing under optimal conditions. More specifically, 
infants were from those sub-groups of a population with a prevalence of 
stunting (i.e., a height-for-age of more than 2 SD below the median) of less than 
5% (WHO, 1998b).  
Growth curves can be either descriptive or prescriptive. A descriptive growth 
curve describes the growth of a population, but does not involve a value 
judgement. A prescriptive growth curve is meant to describe optimal growth, 
and deviation from the curve implies abnormal growth and indicates the need 
for intervention. WHO stated that “The basic assumption behind the proposed 
reference is that infants from healthy populations following the current feeding 
recommendations are growing optimally” (WHO, 1998b). This implies that the  
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Figure 5. Weight-for-age for infants in the Pelotas sample, WHO breast-fed set, bottle-
fed set and in Centers for Disease Control and Prevention (CDC) Pediatric Surveillance 
System. Values are mean Z-scores. All samples showed a relative decine after the first 
few months, particularly the WHO breast-fed set (Victora et al, 1998). 
 
 
high and middle class SES breast-fed infants included in the new growth curves 
represent a norm. 
In Pelotas, data from a 1993 birth cohort showed that the local infants deviate 
from the NCHS curves in that they have a higher weight-for-age and height-for-
age from 2 to 3 months onwards (Victora et al, 1998). The deviation is highest at 6 
months of age, and is negligible by the time the infant reaches 1 year of age 
(Figure 5). The deviation existed for all infants, as well as for the subgroup of 
breast-fed infants, and suggests that the infancy portion of the NCHS reference 
does not adequately reflect the growth of either breast-fed or artificially fed 
infants.  
 
 
1.4 Energy expenditure and requirements of infants 
In early infancy a large proportion of the energy utilised is directed towards 
growth, including the deposition of new tissues and the energy cost of growth. 
At six weeks of age, over one third of total energy intake is directed to the costs 
of growth, whereas by one year of age this proportion is reduced to about five 
percent (Wells & Davies, 1998). Current estimations of energy utilisation of 
infants are based on measurements of energy intake, but the validity of food 
intake measurements is doubtful. Nevertheless, recommendations concerning 
energy requirements have been deduced from these data in the past (WHO, 
1985). The energy requirements of infants and young children are defined as the 
energy intake that will balance energy expenditure at a level of physical activity 
that is consistent with normal development and allow for deposition of tissues at 
a rate consistent with health. The 1985-WHO/FAO/UNU estimated energy s
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requirements were derived from the observed intakes of healthy, thriving 
children (WHO, 1985) compiled by Whitehead et al (1981); these values were 
increased by 5% to compensate for underestimation of food intake. Substantial 
evidence from doubly labelled water measurements of total energy expenditure 
(TEE) suggest that the 1985-WHO/FAO/UNU recommendations are 
overestimating energy requirements 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). And 
at a meeting of the International Dietary and Energy Consultancy Group 
(IDECG) in 1996, it was decided that a modification of the recommendations 
should be derived from measurements of TEE with an added component for 
energy deposited in new tissue (Buyckx et al, 1996). As part of the same IDECG 
meeting all available TEE data on infants were compiled and an update of the 
requirements was published (Butte, 1996). Given the large discrepancy between 
the 1985 version and the 1996 update (see Figure 6), the need to revise these 
requirements was obvious, but it was concluded that a revision would require 
expansion of the database on TEE in children, especially in the second half of 
infancy.  
Meanwhile the Food and Nutrition Board of the US National Academy of 
Science (Food and Nutrition Board (FNB), 2002) has published another update of 
the estimated ER (Figure 6), and it is expected that a revision of the  1985-
WHO/FAO/UNU recommendations will soon follow. 
 
Exclusively breast-fed infants may be the only group in which energy 
requirements could be based on energy intake, as breast milk intake can be 
accurately assessed using the dose-to-the-mother deuterium dilution method 
(see also Annex I and II). Breast milk intake (ml/d) multiplied by the energy 
content of breast milk then yields an estimate of energy intake provided that the 
energy content of breast-milk is accurately known. The energy content of breast 
milk has been estimated to be 67 kcal/100 ml (Prentice et al, 1996), but this may 
  

 
Figure 6. Energy requirements of infants. 
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be an overestimation as milk contains immunoglobulins, and complex 
polysaccharides that may not be available for conversion into energy. A more 
conservative estimate was given by the FNB (Food and Nutrition Board (FNB), 
2002), i.e., 65 kcal/100 ml, and lower values have still been suggested (e.g., 60 
kcal/100 ml, (Lucas et al, 1987). An as yet unpublished systematic review of 25 
papers found a mean value of 62 kcal/100 ml (95% CI 60-64 kcal/100 ml) (Reilly et 
al, unpublished results). 
 
TEE is made up of basal metabolic rate (BMR), thermal effect of feeding (TEF), 
thermoregulation, activity energy expenditure (AEE), and energy cost of growth. 
The energy deposited in new tissue is not included, and has to be added to TEE 
to estimate energy requirements. TEE can be measured using doubly labelled 
water (DLW, see Section 3.3, and Annex IV), and is known to be a function of 
age, sex, body size and feeding pattern. TEE has been observed to be lower in 
breast-fed as compared to formula-fed infants (Butte et al, 1990b; Davies et al, 
1990; Wells, 1994). Measurements of BMR require a high level of standardisation 
including a 12-hour fast, and the subject should be supine but awake. For 
obvious reasons, this standardised protocol is not feasible or ethical in infants. 
Sleeping metabolic rate (SMR) and minimal observable energy expenditure 
(MOEE) have been used as approximations of BMR in infants. SMR is the 
average energy expenditure over a certain amount of time (varying between 
studies), and MOEE is the average of the 5 lowest consecutive minutes of energy 
expenditure during a sleeping metabolic rate measurement. MOEE is usually 
about 89% of SMR (Butte et al, 1990b; Wells & Davies, 1995b), and is the more 
standardised entity. For the work described in this thesis MOEE has therefore 
been used as the closest approximation of BMR in infants (see Annex III). AEE is 
calculated as the difference between TEE and MOEE.  
 
It could be argued that, in line with the status of the debate on 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 Brazil, 11.6% of the population live in extreme poverty (income < 1 US 
dollar/day), with a prevalence of malnutrition and common infections 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 (1993) showed 
increased ER in Mexican infants who were living under poor conditions, and 
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Vasquez-Velasquez (1988a) observed increased TEE and SMR in malnourished 
infants in the Gambia. For these children current recommendations may not be 
too far above their metabolic needs. However, for those who are healthy, 
following these recommendations could 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.  
 
 
2. AIMS OF THE WORK IN THE THESIS AND STUDY TITLES 
 
In the past estimated energy requirements (WHO, 1985) have been based on 
measurements of energy intake. It has been widely accepted that these 
estimations overestimate metabolic needs by 9-39% (Butte, 1996). In the light of 
the increasing prevalence of obesity and associated degenerative diseases, such 
as non-insulin dependent diabetes, worldwide, this is a matter of growing 
concern. New estimations, based on TEE and an added component to account 
for the energy deposited in new tissue, have recently been published by the US 
Food and Nutrition Board (Food and Nutrition Board (FNB), 2002), and an 
update of the 1985-WHO/FAO/UNU recommendations is expected to follow 
soon. These new estimations of energy requirements take feeding pattern (i.e., 
breast-feeding or not) into account, but the effect of complementary intake of 
formula or cows’ milk in breast-fed infants, or the effect of SES on parameters of 
energy metabolism has not been investigated. 
 
Overall objective 
The overall objective of the work was to assess energy utilisation of breast-fed 
infants in southern Brazil.  
 
Specific objectives 
Specific objectives were: 

1. To measure the effect of breast-feeding pattern on energy intake (EI), 
total energy expenditure (TEE), minimal observable energy expenditure 
(MOEE), activity energy expenditure (AEE), anthropometric measures, 
body composition, and prevalence of obesity; 

2. To measure the effect of socio-economic status in breast-fed infants on 
EI, TEE, MOEE, AEE, anthropometric measures, body composition, and 
prevalence of obesity. 

 
Titles of studies 
Three studies were conducted to address these objectives: 
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Study 1. Secondary analysis of Pelotas 1993 birth cohort: Effect of feeding 
pattern (Section 4.1.1) and SES (Section 4.2.1) on growth and 
prevalence of obesity; 

Study 2. Breast milk and energy intake in exclusively, predominantly, and 
partially breast-fed infants in infants from high SES (Annex I and II); 

Study 3. Components of energy expenditure in breast-fed infants from high and 
low SES (Annex III, and IV). 

 
The Pelotas 1993 birth cohort was used to relate EI and the components of TEE 
that were studied cross-sectionally as part of studies 2 and 3, to growth and the 
prevalence of obesity during the first year of life.  
The second study was done in infants 4 months of age. This was the latest age at 
which the required sample size of exclusively breast-fed infants was expected to 
be recruited within the time frame of the study.  
The third study was performed in infants aged 8 months of age. Data on energy 
requirements of infants are particularly scarce during the second half of infancy; 
8 months was chosen as the latest age at which the required sample size of 
breast-fed infants was expected to be recruited within the time frame of the 
study.  
 
 
3. METHODS 
 
 
3.1 Study 1: Pelotas 1993 birth cohort 
 
Design 
All infants born in a Pelotas hospital in 1993 were included in the cohort. In 
Pelotas over 99% of all births take place in a hospital (Barros, 1990). A total of 
5304 infants were enrolled in the study, of whom 55 were stillbirths. Mothers 
were interviewed regarding socio-economic, demographic, and other variables.  
Sub-samples of the cohort were followed up at 1, 3, 6, and 12 months. Children 
selected for follow-up at 1 and 3 months were chosen by systematic sampling 
with a fixed weekly quota that resulted in a total sample of 655 infants (12.6% of 
those eligible). The sub-samples studied at 6 and 12 months were larger. They 
included a systematic 20% sample of all children (including the 655 studied at 1 
and 3 months), plus all children with low birth weight (< 2,500 g). 
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At birth, children were weighed by the hospital staff using paediatric scales with 
an accuracy of 10 g that were calibrated weekly by the research team. The 
children’s supine length was measured to the nearest millimetre using especially 
designed length boards (AHRTAG baby length measurers; London, UK). At the  
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Table 1. Number of subjects included to study the effect of feeding pattern on weight 
and height from the Pelotas 1993 birth cohort. 

Age (mo) 1993 cohort Selection BM BCFM CFM 

0 

1 

3 

6 

12 

5249* 

655 

655 

1460 

1460 

4381 

553 

425 

924 

892 

4329 

349 

169 

179 

105 

4329 

136 

107 

178 

110 

25 

68 

149 

567 

677 

*live births only 
 
 
ages of 1, 3, 6, and 12 months, children were weighed naked by using portable 
spring hanging scales with an accuracy of 100 g (CMS PBW-25; London, UK). 
At every interview, information on feeding practices was obtained by prompted 
24-h dietary recalls. This included the type of milk consumed, the intake of other 
fluids (water, teas, fruit juices) and solid and semisolid foods.  
 
Inclusion criteria 
For the purpose of comparison with subjects of studies 2 and 3, infants born 
single and term, with a birth-weight ≥ 2,500 kg, living in urban Pelotas, and 
healthy at birth were selected from the 1993 cohort. For the study of effect of SES 
on growth, only breast-fed infants were included.  
 
Classification by feeding pattern 
The infants were classified by feeding pattern as follows: 1) infants receiving 
breast milk as their only source of milk (BM infants); 2) breast-fed infants also 
receiving cows’ or formula milk (BCFM infants); 3) cows' milk or formula-fed 
infants (CFM infants). Numbers included in the analysis of growth by feeding 
pattern are presented in Table 1. 
 
Classification by SES 
Maternal education was used as a proxy for SES. An effect of maternal education 
independent of family income and education of the husband on late child health 
outcomes was observed from the 1982 Pelotas birth cohort (Victora et al, 1992). 
From the 1993 Pelotas birth cohort a linear association was found between years 
of education and percentage of stunting at 6 months. Stunting was defined as a 
height-for-age < -2 Z-scores of the NCHS reference. 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;  
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Table 2. Number of subjects available to study the effect of SES on growth in infants 
from the Pelotas 1993 birth cohort. 

Age (mo) 1993 cohort Selection % WHO feeding 

recommendations 

High SES Low SES 

0 

1 

3 

6 

12 

5249* 

655 

655 

1460 

1460 

4381 

550 

551 

925 

892 

98.8 

87.5 

50.3 

22.5 

24.1 

1720 

192 

125 

82 

79 

625 

67 

28 

32 

37 

*live births only 
 
 
and 3.1% in infants whose mothers completed 8 or more years of education. The 
first category was defined as low SES, the last as high SES. The middle category 
was not included. Within the NCHS growth reference sample stunting was 
prevalent in about 2.5% of the infants (Cesar Victora, personal communication), 
and this is highly comparable to the 3.1% of stunting in what we defined as high 
SES infants. Numbers included in the analysis of growth by SES are presented in 
Table 2. 
 
Classification of overweight and obesity 
The prevalence of obesity was assessed on the basis of body mass index (BMI, 
kg/m2). At the age of 12 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, where SD 
represents the standard deviation. 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. For classification of underweight a Z-score of –1.30 was used 
in both boys and girls.  
 
 
3.2 Study 2: The effect of breast-feeding pattern on energy 
intake in 4-month-old infants 
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Classification by breast-feeding pattern 
The classification by feeding pattern described in Annex I was regrouped to 
make it correspond with the feeding patterns used in 8 months old infants 
(Section 3.3). The new feeding patterns are (1) BM; (2) BCFM. BM infants include 
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the following categories described in Annex I: (a) exclusively breast-fed infants 
(EBF); (b) predominantly breast-fed infants (PBF); and (c) infants receiving 
complementary foods in addition to breast milk (BM + CF). BCFM infants 
include the two categories of infants described in Annex I who also received 
cows' milk (with (BM + CF + FM/CM) or without complementary foods (BM + 
FM/CM)). 
 
Description of the sample 
This study was a mirror study of the WHO Multicenter Growth Reference 
Study, and inclusion criteria were copied from its design (see Annex I). All 
infants were from high SES (as assessed by income> R$ 800 (approx. USD 500, 
corresponding to a maternal education of 11.2 years), and breast-fed. The BM 
category included 35 EBF infants, 16 PBF infants, and 3 BM + CF infants (see also 
Annex I) to a total of 54 infants; the BCFM category included 11 BM + FM/CM 
infants and 5 BM + CF + FM/CM infants, resulting in a total of 16 infants. Data on 
nutritional status were available from all 70 infants. Food intake data are 
presented only for those infants where solids had not yet been introduced. No 
data were available from 1 BM infant, and food intake data therefore refer to a 
total of 50 BM infants, and 11 BCFM infants. 
 
Measurement of breast milk intake  
Breast milk intake was measured using the dose-to-the-mother 2H2O turnover 
method. Figure 7 shows the water fluxes included in this two-compartment 
model. A detailed description of the method can be found in Annex I, but in 
short, the method includes the administration of a dose of about 10 g of 2H2O to 
the mother, and the collection of baseline and post-dose saliva samples from the 
mother, and urine from the baby over a 14-d period. The method provides 
estimates of (1) breast milk intake (ml/d); this can be used in combination with 
breast milk composition data (see Table 3) to give an estimate of energy intake  
 

 
 

Figure 7. Two compartment model of the dose-to-the-mother deuterium-oxide 
dilution method.  
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Table 3. Composition of infant milks. 

Per 100 ml Breast milk - 

WHO 

Breast milk - 

FNB 

Cow’s milk - 

IBGE 

Formula – NAN 

Nestlé 

Energy (kcal) 

Protein (g) 

Fat (g) 

Carbohydrates (g) 

67 

1.05 

3.9 

7.2 

65 

 

61 

3.6 

3.0 

4.9 

67 

2.2 

2.9 

7.9 

 

 
(kcal/d) of the baby (Annex I); (2) intake of non-breast milk water (ml/d); this is 
related to intake of complementary foods, and if accurate data are available on 
water and energy content of these foods, energy intake from complementary 
foods can also be calculated (Annex II). For the calculation of energy intake from 
breast milk an energy content of 67 kcal/100 ml was used (Prentice et al, 1996). 
 
Maternal body composition 
The dose-to-the-mother 2H2O turnover method also provides an estimation of 
the mother’s body water, from which fat and fat free mass (kg) can be calculated 
(Annex I).  BMI (kg/m2) was used to identify mothers who were overweight or 
obese. A cut-off point of 25 was used to classify them as being overweight, and 
mothers with a BMI > 30 were considered obese. 
 
 
3.3 Study 3: The effect of breast-feeding pattern and SES on 
components of TEE (8 months of age) 
 
Classification by breast-feeding pattern 
Infants receiving breast milk as the only source of milk were classified in the BM 
category; infants receiving cows' milk or formula in addition to breast milk were 
classified as BCFM infants. At the age of 8 months most infants were receiving 
complementary foods, but the BM category included 4 EBF or PBF infants.   
 
Classification by SES 
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Maternal education was used a proxy for SES, as described in Section 3.1. High 
and low SES infants were selected from an electronic database (SINASC) 
including all birth registrations in Pelotas (see Annex III). 
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Table 4. Numbers of mother-infant pairs included per measurement for the study of a 
feeding group effect. 

Numbers included BM BCFM Total 

Nutritional status 

Infant body composition 

Maternal body composition 

Breast milk intake 

Complementary food intake 

TEE 

MOEE 

AEE 

39 

33 

38 

38 

37 

33 

33 

28 

38 

34 

36 

36 

33 

34 

29 

26 

77 

67 

74 

74 

70 

67 

62 

54 

 

 
Description of the sample 
Analyses were based on a sample of 77 mother-infant pairs (BM: 42; BCFM: 35). 
This included all babies who participated in the study from beginning to end, 
irrespective of whether data on all components of energy expenditure could be 
obtained. The consequence of this is that results presented in Chapter 4 will be 
slightly different from those described in Annex III and Annex IV. The sample in 
Annex III was based on the number of infants out of the 77 in whom SMR had 
been measured (n=62), and Annex IV was based on the number of infants in 
whom TEE had been successfully measured (n=67). 
An alternative decision could have been to only include infants from whom a 
complete dataset would have been available, i.e., n=52 for all measurements. The 
 

Table 5. Numbers of mother-infant pairs included per measurement for the study of a 
SES effect. 

Numbers included High SES Low SES Total 

Nutritional status 

Infant body composition 

Maternal body composition 

Breast milk intake 

Complementary food intake 

TEE 

MOEE 

AEE 

42 

36 

41 

41 

38 

36 

35 

30 

35 

31 

33 

33 

32 

31 

27 

24 

77 

67 

74 

74 

70 

67 

62 

54 
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inconsistency of the numbers included per measurement was considered less 
important than the reduction in statistical power that would have occurred as a 
result of the loss of 25 mother-infant pairs. Table 4 presents numbers included 
for each measurement used to study a feeding group effect, and Table 5 shows 
the numbers of mother-infant pairs included to study the effect of SES on 
components of TEE. 
As the study was initially designed to study differences in socio-economic 
classes (see Section 3.2) rather than differences between feeding pattern, and 
subjects were selected on the basis of SES, all analyses studying a feeding group 
effect were initially adjusted for SES. However, the adjustment made no 
difference to the analyses, and results are therefore presented unadjusted. 
 
Energy content of breast milk 
Since the completion of study 2 evidence was increasing that the estimated 
energy content of breast milk of 67 kcal/100 ml was an overestimation. For 
calculation of energy intake from breast milk in 8 month old infants a value of 65 
kcal/100 ml was therefore used (Food and Nutrition Board (FNB), 2002; WHO, 
1998a). 
 
Energy expenditure 
A detailed description of the DLW method for measuring total energy 
expenditure and how, in this instance the method was adapted to allow for 
previous isotope measurements of milk intake, is given in Annex III. Briefly, the 
procedure is to measure water losses in subjects with 2H2O but at the same time 
to measure water plus CO2 losses with H218O. This is possible because the 
oxygen in body water rapidly exchanges with the oxygen in CO2 through the 
enzyme carbonic anhydrase. This means that the difference in the rates of  
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Figure 8. Examples of ln transformed isotope disappearance curves. 
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Figure 9. Administration of DLW dose for measurement of total energy expenditure. 
 
 
disappearance of 18O and 2H from body water labelled with these isotopes yields 
the production of CO2, from which energy expenditure can be 
calculated(Coward, 1998). Figure 8 gives an example of disappearance curves. A 
dose of doubly labelled water (i.e., water labelled with 2H and 18O) was given 
orally to the babies using a syringe attached to a nasogastric tube (Figure 9), and 
a urine sample was collected before and on day 1, 2, 3, 6, 7. 
 
Sleeping metabolic rate 
Details of the measurement are described in Annex III. In short, the method 
includes the measurement of CO2 production and O2 consumption during a 
period of sleep. Energy expenditure (kcal/d) is then calculated using Weir’s 
formula (Weir, 1949). Figure 10 shows how this works in practice. 
 
Confounders and mediators in the statistical analyses 
The concept of confounding is also described in Annex I and Annex IV. Briefly, a 
factor should considered to be a possible confounder if: (1) it is associated with 
the exposing variable (for example, feeding pattern, or SES), (2) it is associated 
with the outcome variables (for example EI or TEE), (3) if the factor is known not 
to be part of the causal chain between exposing and outcome variables 
(Rothman & Greenland, 1998). Multivariate regression analysis should then be 
used to study the effect of the possible confounder on the outcome variable. A 
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Figure 10. Measurement of sleeping metabolic rate using respiration calorimetry. 
 
 
factor is considered as a definite confounder if its inclusion in the equation leads 
to a change of 10% or more in the crude difference between study groups (for 
example feeding patterns, or SES) (Rothman & Greenland, 1998). The difference 
between a confounder and a mediator is that the first is not part of the causal 
chain, whereas the second is. For example, in Figure 11, sex and ethnicity should 
be considered as possible confounders of the association between SES and TEE, 
whereas environmental, maternal and child characteristics should be studied for 
a mediating effect on the association between SES and TEE. 
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Figure 11. Conceptual framework of determinants of energy metabolism 
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Figure 12. Weight throughout infancy by feeding pattern. BM=breast milk as the only 
source of milk; BCFM=breast milk and cows’ milk or formula; CFM=cows’ milk or 
formula. 
 
 
Ethics 
The studies were 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 written informed consent was given by the 
parents. At the end of the studies results were sent to the mothers for their 
information. 
 
 
4. RESULTS 
 
 
4.1 The effect of breast-feeding pattern  
 
4.1.1 Study 1: Pelotas 1993 birth cohort 
 
Growth 
Figure 12 shows growth curves for weight by feeding pattern. At birth those 
infants whose mothers did not intend to breastfeed (CFM infants) had a lower 
birth weight than infants whose mother did (p=0.043). At 12 months weight was 
highest in CFM infants (p=0.008), with no difference between BM and BCFM 
infants. A feeding pattern effect for length was observed from 3 months onwards 
(Figure 13; 3 months, p=0.035; 6 months, p=0.034; 12 months, p=0.058), with 
higher values for BM infants at 3 months, and thereafter faltering of BM as 
compared to CFM infants; length of BCFM at 12 months was similar to CFM 
infants.  
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Figure 13. Length throughout infancy by feeding pattern. BM=breast milk as the only 
source of milk; BCFM=breast milk and cows’ milk or formula; CFM=cows’ milk or 
formula. 
 
 
Obes ity  
An effect of feeding pattern on weight gained from birth to 12 months of age 
was also observed. Figure 14 shows that CFM infants gained weight most (CFM, 
6789 g; BM, 6451 g and BCFM, 6458 g, p=0.002). Prevalence of overweight or 
obesity was not different between feeding groups (p=0.891). At 12 months 
overweight was prevalent in 6.7% of the BM infants, in 5.5% of the BCFM 
infants, and 8.6% of the CFM infants. For obesity these values were 1.9%, 3.7% 
and 3.4% for BM, BCFM, and CFM infants respectively. 
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Figure 14. Weight gained from birth until 12 months of age by feeding pattern. 
BM=breast milk as the only source of milk; BCFM=breast milk and cows’ milk or 
formula; CFM=cows’ milk or formula. 
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4.1.2 Study 2: Energy intake of breast-fed infants aged 4 months of age 
 
Nutr i t ional  s tatus  and  body  comp osit ion  
Table 6 shows the anthropometric indicators of nutritional status of the infants 
and their mothers. Weight gain from birth was not different between BM and 
BCFM infants (p=0.866). 
There were no differences in anthropometric indicators of nutritional status, 
including BMI, between BM and BCFM infants. However, both fat mass (kg) and 
fat mass index (kg/m2) were higher in the mothers of BCFM infants (p=0.032 and 
p=0.023).  
 
Food in take 
BCFM mothers worked away from home twice as much as BM mothers, and this 
was also associated with breast milk intake (ml/d) and energy intake (kcal/kg/d), 
but not with other food intake variables. Inclusion of maternal employment 
status in a multivariate model increased the difference in breast milk intake  
 
Table 6. Anthropometric indices of 4-month old infants and their mothers by feeding 
pattern. 

 BM  

(n=54) 

BCFM  

(n=16) 

p-value 

Birth weight (kg) 

Length at birth (cm) 

Weight at 4 mo. (kg) 

Length at 4 mo. (cm) 

Weight-for-age Z-score 

Height-for-age Z-score 

Weight-for-height Z-score 

Body mass index (kg/m2) 

Weight gained from birth (kg) 

 

Maternal height (cm) 

Maternal weight (kg) 

Maternal body mass index (kg/m2) 

Maternal fat free mass (kg) 

Maternal fat mass (kg) 

Maternal fat free mass index (kg/m2) 

Maternal fat mass index (kg/m2) 

3.2 (0.3)* 

48.5 (1.9) 

6.7 (0.8) 

63.3 (2.2) 

0.27 (0.9) 

0.04 (0.8) 

0.19 (1.0) 

16.7 (1.6) 

3.5 (0.7) 

 

159 (6.1) 

61.7 (9.0) 

24.3 (3.4) 

41.0 (4.4) 

20.7 (6.6) 

16.1 (1.6) 

8.2 (2.6) 

3.1 (0.3) 

48.4 (1.2) 

6.6 (0.7) 

62.6 (1.7) 

0.28 (0.8) 

-0.10 (0.6) 

0.37 (0.9) 

16.9 (1.6) 

3.5 (0.7) 

 

158 (5.3) 

65.2 (11.6) 

26.1 (4.9) 

40.1 (5.8) 

25.1 (8.4) 

16.0 (2.6) 

10.0 (3.4) 

0.407 

0.761 

0.612 

0.211 

0.961 

0.514 

0.516 

0.781 

0.866 

 

0.564 

0.202 

0.119 

0.517 

0.032 

0.855 

0.023 

* means and standard deviations 
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Table 7. Macronutrient intake of 4-month old infants by feeding pattern.  

 BM*  

(n=50) 

BCFM*  

(n=11) 

p-value 

Breast milk intake (ml/d)‡

Energy (kcal/kg/d)‡

Energy% from breast milk 

Energy% from formula  

Energy% from protein 

Energy% from fat 

Energy% from carbohydrate 

Protein (g/kg/d) 

Fat (g/kg/d) 

Carbohydrate (g/kg/d) 

808 (756-859)†

83.1 (78.6-87.7) 

97.1 (96.5-97.7) 

0.1 (0.0-0.2) 

6.5 (6.3-6.7) 

52.0 (51.8-52.3) 

41.2 (40.5-41.8) 

1.3 (1.3-1.4) 

4.8 (4.6-5.0) 

9.0 (8.7-9.4) 

556 (445-668) 

97.9 (88.3-107.6) 

57.4 (39.2-75.6) 

37.2 (19.1-55.4) 

9.1 (7.7-10.5) 

46.1 (43.5-48.7) 

44.2 (42.1-46.2) 

2.3 (1.7-2.8) 

5.2 (3.9-6.4) 

11.7 (9.3-14.0) 

0.000 

0.008 

0.000 

0.000 

0.000 

0.000 

0.001 

0.000 

0.240 

0.000 

* Infants receiving solids not included; †means and 95% confidence intervals; ‡ adjusted 
for “mother working away from home” 

 
 
(ml/d) and reduced the difference in energy intake (kcal/kg/d) between BM and 
BCFM infants by more than 10%. These outcomes were therefore adjusted for 
“mother working away from home”. 
Food intake data of those infants not receiving solids are presented in Table 7. 
Breast milk intake was highest in BM infants (p<0.001), but total energy intake in 
BCFM infants was 18% higher as compared to BM infants (p=0.008). BCFM 
infants received 57.4% of their energy intake through breast milk, and 37.2% 
through formula (only 1 out of 11 infants received cows' milk); the remaining 
proportion was from tea or juices. As formula contains more protein and 
carbohydrates (see Table 3) than breast milk, the percentage of energy provided 
by these macronutrients was higher in BCFM infants. On the other hand, the 
percentage of energy provided by fat was higher in BM infants, reflecting the 
higher fat content of breast milk. The slightly lower body weight of BCFM 
infants reversed this difference if fat intake per kg body weight was compared 
between groups. However, the difference was not significant (p=0.240). Protein 
intake expressed in g per kg body weight in BCFM infants was almost twice as 
high as in BM infants (p<0.001), and carbohydrate intake was also higher in 
BCFM infants (p<0.001). 
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Table 8. Anthropometric indices of infants aged 8 months of age and their mothers by 
feeding pattern. 

 BM  

(n=42) 

BCFM  

(n=35) 

p-value 

Birth weight (kg) 

Length at birth (cm) 

Weight at 8 months (kg) 

Length at 8 months (cm) 

Weight gained from birth (kg) 

Weight-for-age Z-score 

Height-for-age Z-score 

Weight-for-height Z-score 

Fat mass (kg) 

Fat free mass (kg) 

Fat mass index (kg/m2) 

Fat free mass index (kg/m2) 

 

Maternal weight (kg) 

Maternal height (cm) 

Maternal body mass index (kg/m2) 

Maternal fat mass (kg) 

Maternal fat free mass (kg) 

Maternal fat mass index (kg/m2) 

Maternal fat free mass index (kg/m2) 

3.3 (0.4)* 

48.7 (1.9) 

8.3 (1.0) 

69.8 (2.3) 

4.9 (0.9) 

-0.23 (1.0) 

-0.07 (0.9) 

-0.18 (0.8) 

2.2 (0.8) 

6.2 (0.9) 

4.5 (1.5) 

12.6 (1.6) 

 

60.4 (13.7) 

157 (6.2) 

24.6 (5.8) 

19.4 (10.6) 

41.3 (5.9) 

7.9 (4.5) 

16.8 (2.5) 

3.3 (0.4) 

48.8 (2.1) 

8.5 (1.1) 

70.1 (3.0) 

5.2 (1.1) 

-0.01 (1.1) 

0.05 (1.1) 

0.04 (1.0) 

2.7 (0.9) 

6.0 (0.8) 

5.5 (1.7) 

12.2 (1.0) 

 

61.3 (12.3) 

160 (5.9) 

23.7 (4.1) 

18.5 (9.5) 

43.2 (8.8) 

7.4 (3.4) 

16.4 (2.4) 

0.559 

0.770 

0.299 

0.648 

0.182 

0.355 

0.730 

0.280 

0.016 

0.471 

0.013 

0.194 

 

0.750 

0.067 

0.486 

0.692 

0.270 

0.620 

0.523 

*means and standard deviations. 
 
 
4.1.3 Study 3: Components of energy expenditure in infants aged 8 
months of age 
 
Nutr i t ional  s tatus  and  body  comp osit ion  
Table 8 presents results for nutritional status and body composition by breast-
feeding pattern. There were no differences in weight or length at birth and 8 
months of age between BM and BCFM infants. BCFM infants tended to have 
gained more weight from birth as compared to BM infants (p=0.182). Body 
composition was different between the two feeding groups in that the BCFM 
infants had more fat. Both fat mass (kg) and fat mass index were higher in BCFM 
as compared to BM infants (p=0.016 and p=0.013). Overweight (as assessed by 
BMI Z-scores using cut-off points as mentioned in Section 3.1) was prevalent in 
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9.5% of the BM and 5.7% of the BCFM infants (p=0.402). Obesity was present 
only in BCFM infants (5.7%). Statistical power using means and standard 
deviations found to detect a difference in BMI between BCFM and BM infants 
was only 20%. 
Maternal nutritional status was not different between the two groups, although 
BCFM mothers tended to be taller (p=0.067). The prevalence of overweight or 
obesity was not different between feeding groups (p=0.726). Overweight was 
prevalent in 18.4% of the BM and 27.3% of the BCFM mothers. Obesity was 
prevalent in 15.8% of the BM as compared to 3% of the BCFM mothers.  
 
Food in take   
In Table 9 results of food and macronutrient intake are summarised. Breast milk 
intake was 783 ml/d in BM infants and 512 ml/d in BCFM infants (p<0.001). 
There was no difference in energy intake between BM and BCFM infants. The 
percentage of energy provided by breast milk was 69.3% in BM as compared to 
43.6% in BCFM infants (p<0.001); 1.4% of the energy intake in the BM group was 
from cows' milk as compared to 19.7% in the BCFM group (p<0.001). The fact 
that even BM infants have some cows' milk intake results in part from the 
difference in time between the generation of the classification criteria (day 0 of 
the study), and the day of food-weighing (between day 7 and day 14 of the 
study). BCFM infants tended to get more energy from solids (p=0.115). The 
contribution of protein to energy intake was higher in BCFM as compared to BM 
infants (p<0.001), and the opposite was observed for the energy percentage from 
 

Table 9. Energy intake in 8-month old infants by feeding pattern. 

 BM  

(n=37) 

BCFM  

(n=33) 

p-value 

Breast milk intake (ml/d) 

Energy intake (kcal/kg/d) 

Energy% from breast milk 

Energy% from cow’s milk 

Energy% from solids 

Energy% from protein 

Energy% from fat 

Energy% from carbohydrates  

Protein intake (g//kg/d) 

Fat intake (g/kg/d) 

Carbohydrate intake (g/kg/d) 

783 (218)* 

93.2 (25.4) 

69.3 (21.8) 

1.4 (3.7) 

29.3 (20.3) 

9.0 (1.7) 

42.5 (8.8) 

51.5 (7.0) 

2.1 (0.7) 

4.3 (1.2) 

12.9 (4.2) 

512 (372) 

88.0 (25.6) 

43.6 (31.8) 

19.7 (19.7) 

37.5 (22.4) 

12.3 (3.5) 

36.4 (8.7) 

52.5 (6.0) 

2.7 (1.1) 

3.5 (1.2) 

12.4 (4.3) 

0.000 

0.396 

0.000 

0.000 

0.115 

0.000 

0.005 

0.526 

0.008 

0.007 

0.618 
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*means and standard deviations. 
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Table 10. Components of TEE in 8-month old infants by feeding pattern. 

°values are adjusted for ethnicity; *means and 95% confidence intervals. 

 BM  BCFM  p-value 

TEE (kcal/d)° 

(kcal/kg/d) 

(kcal/kg FFM/d) 

 

MOEE (kcal/d) 

(kcal/kg/d) 

(kcal/kg FFM/d) 

 

AEE (kcal/d)° 

(kcal/kg/d) 

(kcal/kg FFM/d) 

568 (522-615)* 

68.4 (62.6-74.1) 

94.1 (86.1-102.0) 

 

399 (385-414) 

48.0 (46.0-50.1) 

67.3 (64.0-70.5) 

 

151.5 (95.8-207.1) 

19.2 (12.6-25.8) 

26.0 (16.8-35.2) 

607 (556-657) 

69.8 (63.6-75.9) 

101.4 (92.8-110.0) 

 

444 (424-464) 

51.6 (48.6-54.6) 

73.8 (69.5-78.1) 

 

162.3 (100.1-224.5) 

18.6 (11.2-26.0) 

26.8 (16.5-37.1) 

0.270 

0.744 

0.218 

 

0.000 

0.041 

0.015 

 

0.795 

0.904 

0.905 

 
 
fat (p=0.005). Similarly, protein intake as expressed per kg body weight was 
higher in BCFM infants (p=0.008), and fat intake was higher in BM infants 
(p=0.007). 
 
Componen ts  of  en ergy ex penditure  
The results for energy expenditure are presented in Table 10. TEE and AEE were 
not different between BM and BCFM infants, but MOEE was higher in BCFM as 
compared to BM infants. The difference was observed whether MOEE was 
expressed in kcal/d or kcal/kg/d or kcal/kg FFM/d (p<0.001, p=0.041, p=0.015).  
 
Analysis of covariance (Table 11) showed the effect of potential mediators (i.e., 
those with a correlation to MOEE significant at the p<0.10 level) on the 
difference in MOEE between feeding groups. Protein intake was the strongest 
mediator, reducing the difference between BM and BCFM infants from –44.6 to  
-27.7 (kcal/d) (p=0.028). The addition of weight into the model further reduced 
the difference to –23.8 (kcal/d) (p=0.059). 
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Table 11. Analysis of covariance of MOEE (kcal/d) by feeding group. 

Model BM-BCFM 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 
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Figure 15. Weight throughout infancy by SES. 

 
 
4.2  The effect of socio-economic status 
 
4.2.1 Study 1: Pelotas 1993 birth cohort 
 
Growth 
Weight was higher for high SES as compared to low SES infants at all ages 
(Figure 15) (birth, p<0.001; 1 month, p<0.001; 3 months, p=0.008; 6 months, 
p=0.084; 12 months, p=0.015), and length was higher in high SES from 1 month 
onwards (Figure 16) (birth, p=0.152, 1 month, p=0.003; 3 months, p<0.001; 6 
months, p<0.001; 12 months, p=0.001). Very similar results were obtained if non-
breast-fed infants were also included in the analysis. 
 
Obesity   
High SES infants gained more weight during the first year of life as compared to 
low SES infants (high SES, 6899 g; low SES, 6225 g; p=0.008). At 12 months BMI 
 

 
Figure 16. Length throughout infancy by SES. 
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was not different between high and low SES infants (high SES, 17.8, low SES, 
17.8, p=0.989), and prevalence of overweight or obesity was also not different 
between groups (high SES, 10.8%, low SES, 12.3%, p=0.881). 
 
 
4.2.2 Study 3: Components of energy expenditure in infants aged 8 
months of age 
 
Indicators  of  soc io-economic  status  
Maternal education was used as a proxy of SES (see Section 3.1). By selection, all 
mothers from high SES had at least 8 years of education, and all mothers from 
low SES no more than 3 years of education. Table 12 presents indicators of SES. 
On average, high SES mothers had 10.6 years and low SES mothers 2.0 years of 
education (p<0.001). Fathers in the high SES group had 9.5 years of education as 
compared to 3.8 years in the low SES group (p<0.001). Of the low SES families 
the majority (50.0%) had a monthly income of less than 1 MS, and 44.7% had an 
income between 1.1 and 3 MS; 5.3% had an income between 3.1 and 6 MS. In the  
 

Table 12. Indicators of SES and environmental characteristics. 

 High SES  

(n=39) 

Low SES  

(n=38) 

p-value 

Ind i ca to r s  o f  SES  

Family income (MS) 

< 1 MS (%) 

1.1 – 3 MS (%) 

3.1 – 6 MS (%) 

6.1 – 10 MS (%) 

> 10 MS (%) 

Years of schooling father 

Years of schooling mother 

 

Env i ronmenta l  de te rminants  

Crowding* 

Mother working away from home (%) 

Mother smoking (%) 

Tap water (%) 

Flushing toilet (%) 

 

5.4 (5.2) †

0 

46.2 

25.6 

12.8 

15.4 

9.5 (3.2) 

10.6 (2.2) 

 

 

1.6 (0.7) 

23.1 

17.9 

100 

100 

 

1.1 (1.0) 

50.0 

44.7 

5.3 

0 

0 

3.8 (1.8) 

2.0 (1.1) 

 

 

3.0 (1.2) 

5.3 

44.7 

76.3 

68.4 

 

0.000 

 

 

 

 

 

0.000 

0.000 

 

 

0.000 

0.047 

0.014 

0.001 

0.000 
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† Means and standard deviations; * Number of persons in the household/ (number of 
bed rooms + 1). 
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high SES category, there were no families with less than 1 MS per month. The 
majority of high SES families (46.2%) had an income between 1.1 and 3 MS, and 
another 25.6% had an income of 3.1 to 6 MS; the remainder (38.2%) had an 
income higher than 6 MS, a category that was absent in the low SES families. 
Working away from home was more common amongst high SES mothers as 
compared to low SES mothers (p=0.047). Almost 50% of the low SES mothers 
smoked, as opposed to 17.9% of the high SES mothers (p=0.014). Tap water and a 
flushing toilet were available in all high SES houses, but of the low SES 
households tap water was available in 76.3% and flushing toilet in 68.4%. 
 
Table 13. Anthropometric indices of infants aged 8 months of age and their mothers by 
SES. 

 High SES  

(n=39) 

Low SES 

(n=38) 

p-value 

Birth weight (kg) 

Length at birth (cm) 

Weight at 8 months (kg) 

Length at 8 months (cm) 

Weight gained from birth (kg) 

Length gained from birth (cm) 

Weight-for-age Z-score 

Height-for-age Z-score 

Weight-for-height Z-score 

Fat mass (kg) 

Fat free mass (kg) 

Fat mass index (kg/m2) 

Fat free mass index (kg/m2) 

 

Maternal weight (kg) 

Maternal height (cm) 

Maternal body mass index (kg/m2) 

Maternal fat mass (kg) 

Maternal fat free mass (kg) 

Maternal fat mass index (kg/m2) 

Maternal fat free mass index (kg/m2) 

3.4 (0.5)* 

48.9 (2.1) 

8.6 (1.0) 

70.5 (2.4) 

5.2 (1.0) 

21.6 (2.1) 

0.05 (1.0) 

0.14 (0.9) 

-0.02 (1.0) 

2.6 (0.9) 

6.2 (0.7) 

5.1 (1.7) 

12.5 (1.1) 

 

60.1 (10.5) 

160.0 (5.6) 

23.4 (4.1) 

19.3 (8.1) 

40.9 (5.2) 

7.5 (3.2) 

15.9 (1.9) 

3.2 (0.3) 

48.6 (1.9) 

8.2 (1.0) 

69.4 (2.8) 

5.0 (1.0) 

20.8 (2.6) 

-0.31 (1.0) 

-0.22 (1.0) 

-0.14 (0.7) 

2.3 (0.8) 

6.0 (1.0) 

4.8 (1.6) 

12.4 (1.6) 

 

61.5 (15.2) 

157.2 (6.6) 

24.9 (5.8) 

18.7 (11.9) 

43.6 (8.9) 

7.9 (4.8) 

17.3 (2.7) 

0.119 

0.466 

0.123 

0.089 

0.338 

0.163 

0.123 

0.097 

0.553 

0.218 

0.191 

0.396 

0.773 

 

0.624 

0.097 

0.219 

0.787 

0.107 

0.703 

0.015 

* means and standard deviations. 
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Table 14. Energy intake in 8-month old infants by SES. 

 High SES  

(n=37) 

Low SES  

(n=33) 

p-value 

Breast milk intake (ml/d) 

Energy intake (kcal/kg/d) 

Energy% from breast milk 

Energy% from cow’s milk 

Energy% from solids 

Energy% from protein 

Energy% from fat 

Energy% from carbohydrates  

Protein intake (g/kg/d) 

Fat intake (g/kg/d) 

Carbohydrate intake (g/kg/d) 

673 (330)* 

86.9 (23.9) 

60.5 (31.1) 

7.7 (15.5) 

31.9 (24.9) 

10.7 (3.2) 

39.2 (9.4) 

52.6 (6.9) 

2.3 (0.9) 

3.7 (1.3) 

12.3 (3.9) 

650 (323) 

95.2 (26.8) 

54.6 (27.8) 

12.2 (17.0) 

34.2 (17.1) 

10.2 (3.2) 

40.4 (9.2) 

51.2 (6.1) 

2.4 (1.0) 

4.2 (1.3) 

13.1 (4.6) 

0.765 

0.174 

0.414 

0.252 

0.656 

0.581 

0.596 

0.370 

0.574 

0.151 

0.404 

* means and standard deviations. 
 
 
Nutr i t iona l  s tatus  and  body  comp osit ion  
Table 13 shows nutritional status and body composition by SES. There were no 
statistically significant differences in nutritional status and body composition  
between infants from high and low SES. However, high SES infants tended to 
have a higher birth weight (p=0.119), a higher weight at 8 months (p=0.123), they 
tended to be taller at 8 months (p=0.089), and to have gained more length from 
birth (p=0.163). Mean BMI was not different between high and low SES infants  
 (high SES, 17.2; low SES, 16.9; p=0.398), but more high SES infants tended to be 
classified as overweight or obese (p=0.150). Overweight was prevalent in 10.3% 
of high SES and 5.1% in low SES infants. Another 5.1% high SES infants were 
classified as being obese, whereas none of the low SES infants were obese.  
Maternal weight was not different between high and low SES mothers, but high 
SES mothers tended to be taller (p=0.097), and their fat free mass index was 
lower (p=0.015). Of the high SES mothers 25% were overweight as compared to 
20% of the low SES mothers. Twice as many low SES mothers were classified as 
being obese as compared to high SES mothers (low SES, 14.3%; high SES, 5.6%, 
p=0.260). There was no association between overweight in the mother and 
overweight in the baby (p=0.635). 
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 Infants from obese or overweight mothers had a tendency towards a higher 
prevalence of under-nutrition than infants from normal weight mothers 
(overweight or obese mothers, 13.1% of the infants malnourished; normal weight 
mothers, 2.1% of the infants malnourished, p=0.097). 
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Table 15. Components of TEE in 8-month old infants by SES. 

 High SES  

(n=33) 

Low SES  

(n=34) 

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) 

 

AEE (kcal/d)* 

AEE (kcal/kg/d)* 

AEE (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) 

 

112 (52 – 172) 

13.1 (6.0-20.2) 

18.2 (8.4-28.0) 

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) 

 

204 (141-267) 

26.2 (18.7-33.6) 

35.1 (24.9-45.4) 

0.054 

0.005 

0.015 

 

0.031 

0.865 

0.661 

 

0.053 

0.022 

0.030 

†means and 95% confidence intervals; *adjusted for ethnicity. 
 
 
Food in take 
Food intake by SES is presented in Table 14. At the age of 8 months, breast milk 
intake was 662 ml/d, and still provided 58% of the energy intake. No statistically 
significant differences were observed between high and low SES infants, but 
energy intake (p=0.174) and fat intake (p=0.151) tended to be higher in low SES 
infants.  
 
 
Table 16. Analysis of covariance of the association between AEE (kcal/d) and SES (adjusted 
for ethnicity). 

Independent variable High – 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 
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Figure 17. AEE (kcal/d) as a function of crowding (number of persons/ number of bed 
rooms + 1). 
 
 
Componen ts  of  en ergy ex penditure  
Table 15 presents the components of TEE. TEE was higher in low as compared to 
high SES infants. The difference was significant if TEE was expressed non-
normalised (p=0.054) or normalised for weight (p=0.005), or fat free mass 
(p=0.015). MOEE (kcal/d) was also different between groups (p=0.031), but this 
was attributed to the slightly higher weight and fat free mass in high SES infants, 
and the difference disappeared after normalisation for weight and fat free mass. 
AEE was higher in low SES infants, irrespective of whether data were expressed 
normalised for weight (p=0.022), fat free mass (p=0.030) or non-normalised 
(p=0.053). 
 
AEE was found to be mediated by crowding as shown in Table 16. Inclusion of 
crowding into a covariance model reduced the effect of SES on AEE to an extent 
that it was no longer significant (p=0.494). The association between AEE and 
crowding was described by the following regression equation (Figure 17): 
 
AEE (kcal/d) = 48.7 + 48.7 * crowding  (R2=0.349, p=0.010) 
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5.  DISCUSSION 
 
 
5.1 Effect of breast-feeding pattern 
Growth and energy expenditure are known to be a function of sex, age, body 
size and feeding mode. Studies of the effect of feeding mode have focussed on 
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the classification of infants into breast- or formula-fed infants, and found 
increased weight (Dewey et al, 1995; Haschke & van't Hof, 2000; Victora et al, 
1998; Whitehead & Paul, 1984; Whitehead et al, 1989) and higher energy 
expenditure (Butte et al, 1990b; Davies et al, 1990; Wells, 1994) of formula-fed 
infants. However, in practice in many countries breast-fed infants may also 
receive formula or cows' milk in addition to breast milk. The study of the 
difference in growth or energy expenditure between two sub-groups of breast-
fed infants (i.e., BM and BCFM) was one of the aims of this work. BCFM infants 
at 4 months included mainly formula fed infants, whereas at 8 months all but 
one infant were fed cows' milk. The composition of different milks is presented 
in Table 3, and shows that the protein content of cows' milk and formula is 
higher than in breast milk. The contrary is true for fat, and carbohydrate content 
is higher in formula than in breast milk, but lower in cows' milk as compared to 
breast milk. In Brazil, at the time the studies were done, formula milk for infants 
under 6 months of age was higher in protein (NAN 1 Nestlé, 2.2 g/100 ml) than 
the formula used at present in Brazil (NAN LP Nestlé, 1.5 g/100 ml) and in other 
parts of the world, and closer to cows' milk (3.6 g/100 ml) than most infant 
formulas at present. Macronutrient content of formula milk for infants older 
than 6 months has not changed over time (NAN 2 Nestlé, 2.2 g/100 ml). 
 
At 4 months of age we observed an 18% higher energy intake in BCFM infants as 
compared to BM infants. This difference was no longer found at 8 months, but 
there was a tendency for higher TEE in BCFM infants. The percentage of energy 
from protein was higher in BCFM infants as compared to BM infants at both 4 
and 8 months, reflecting the higher protein content of formula and cows' milk. 
Percent energy from fat was lower in BCFM infants, due to the lower fat content 
of formula and cows' milk as compared to breast milk. Energy percentage from 
carbohydrate at 4 months was higher in BCFM infants, reflecting the higher 
carbohydrate content of formula as compared to breast milk. But at 8 months 
this difference was no longer observed. 
 
Although energy intake was 18% higher in BCFM infants as compared to BM 
infants at 4 months, there was no difference in anthropometric indicators of 
nutritional status including body composition. At 8 months BCFM infants had 
more fat, a higher fat mass index. It would be tempting to conclude that the 
BCFM infants were overfed, and the above suggests that this is likely to be at 
least partly true, but alternatively energy intake needed to meet requirements 
could have been higher in the latter group for two possible reasons: 1) 
bioavailibility of nutrients from formula or cows’ milk is less than from breast 
milk; 2) BCFM infants may have higher energy requirements compared to BM 
infants because of metabolic differences. Increased faecal excretion of nutrients 
in BCFM infants could increase their recommended energy intake. Protein 
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absorption from breast milk has been estimated to be 85% (Donovan et al, 1989), 
and a ratio of 0.90 has been suggested for the absorption of formula milk relative 
to human milk (Fomon, 1991), for cows’ milk this ratio is thought to be 0.70 
(WHO, 1985). Fat absorption is also higher from human as compared to formula 
milk. In human milk palmitic and stearic acid are positioned at the sn-2 position 
of the triacylglycerols, whereas in formula milk the fatty acids are usually 
positioned at the external positions (Carnielli et al, 1996). Fat absorption from 
human milk has been estimated to be 91-97%, as compared to 75-78% from 
vegetable oils used in formula. Lactose is the major carbohydrate in human milk 
and most formula milks, with absorption rates close to 100%. Formula milk 
consisted of about one third of the total milk intake in BCFM infants aged 4 
months of age. To compensate for the lower bioavailability of formula milk, their 
protein intake would have had to be about 3.5% higher, and fat intake 6% higher 
as compared to BM infants. These proportions are only small compared to the 
18% difference in energy intake found between BCFM and BM infants, and we 
conclude that a lower bioavailability of formula milk alone cannot explain the 
difference found. The second mechanism seems to be a more plausible 
explanation of the differences in intake between BM and BCFM infants. At 8 
months MOEE was higher in BCFM as compared to BM infants, and this is 
consistent with findings from Butte et al (1990a) who found a higher SMR and 
MOEE in formula-fed as compared to breast-fed infants. TEE also tended to be 
higher in BCFM infants, although not significantly so. AEE was not different 
between groups. 
 
In the latest review on energy requirements for infants, an 11% difference 
between breast- and formula fed infants at 4 months was described (Butte, 1996). 
In our study of 4 month old infants, we calculated total energy intake of BM 
infants to be 83 kcal/kg/d, which is about the same as the suggested modified 
energy requirements of breast-fed infants by Butte (1996) and  the US Food and 
Nutrition Board of the National Academy of Sciences (2002). Total energy intake 
of BCFM infants in our study was 98 kcal/kg/d, which is 18% above ER for 
breast-fed infants (Butte, 1996), and also 18% above the latest US estimated ER 
(Food and Nutrition Board (FNB), 2002). 
 
A covariance model showed that at 8 months (study 3) the effect of feeding 
group on MOEE was mediated by: (1) protein intake and (2) body weight. 
Explained variance of the model was 43.1%, suggesting that either additional 
determinants that were not identified or measurable are involved in the 
association between MOEE and feeding group or that the protein intake and 
body weight were not measured properly, and that this explained why all of the 
feeding group effect could not be eliminated. Measurement of body weight was 
accurate, but it is more of a challenge to obtain accurate food intake data, 
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including protein intake. Food intake was not measured on the same day as the 
MOEE measurements, and day-to-day variation in infants already receiving 
solids has been found to be about 12% in British infants (Black et al, 1983), but 
may be as large as 25% as found in Asian infants (Harbottle & Duggan, 1994). 
Residual mediation from protein should therefore be considered as a reason why 
a higher explained variance by the model was not achieved.  
 
The mediating effect from protein on MOEE could be partly explained by its 
contribution to TEF, of which protein intake is known to be the most important 
determinant (Kleiber, 1961). However, Butte et al (1990a) actually measured TEF 
in breast- and formula-fed infants, and found no difference. In our 8-month-old 
infants, we estimated that 20% of the difference in MOEE between feeding 
groups could be attributed to TEF. The physiological significance of the 
difference in MOEE between BM and BCFM infants is not clear. Three possible 
explanations have been suggested for a difference in MOEE and SMR between 
BM and CFM infants (Garza et al, 1993), that could also be applied to our BM 
and BCFM infants. The differences reflect: (a) adjustments in expenditure to 
dissipate excess energy consumption to lower a positive energy balance; (b) 
disparities in time-related residuals in TEF; and, (c) metabolic rates imposed by 
distinct nutrient balances in the respective diets. In this thesis no evidence was 
found that support the first two mechanisms: there was no difference in energy 
intake between BM and BCFM infants aged 8 months of age and there was also 
no difference in time between the last feed and the measurement between the 
two groups (results not shown). It is therefore hypothesised that the difference 
in MOEE between BM and BCFM infants is the result of a difference in metabolic 
rates imposed by a difference in protein intake. This is supported by recent work 
from Hoppe et al (2003). They showed an association of intake of animal protein 
and circulating IGF-I, and they also found that high intake of cows' milk, but not 
meat, increased s-IGF-I in 8-year old boys (Hoppe et al, 2001). This suggests that 
some bioactive factor in cows' milk other than protein could have been 
responsible for the metabolic differences found between BM and BCFM 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 the 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. Breast milk contains benzodiazepine-like sedative 
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compounds (Dencker et al, 1992) that may have contributed to a lower MOEE in 
BM infants. Wells (Wells, 2003) suggested a function for these compounds as 
part of the parent-offspring conflict. Sleeping of the baby would give the mother 
some time to rest and save energy for other activities. 
 
There are multiple reasons for a mother to choose to introduce formula or cows’ 
milk. Growth faltering is thought to be one of them, but in our sample of 4-
month-old infants this does not seem to be the case as weight was slightly higher 
in the BCFM group (though not significantly so). Of course, the higher weight 
may have also been the effect of the feeding pattern. Working away from home 
is another reason to introduce formula, and BCFM mothers worked away from 
home twice as often as BM mothers. Maternal body composition has also been 
mentioned as a determinant of breast-feeding behaviour, and indeed BCFM 
mothers have more fat and a higher fat mass index. Breast milk output has been 
observed to be reduced in obese women (Hilson et al, 1997; Li et al, 2003).  
 
The definition of energy requirements implies a condition of long-term health. 
The difference that exists in growth, fatness, energy intake and TEE between 
BM, BCFM, and CFM infants raises questions about the energy requirements of 
each group. At least part of the difference in energy intake (study 1) or TEE 
(study 3) between BM and BCFM is expected to be related to differences in 
metabolic rates (see above), and the implications of this are not well known 
However, the higher weight gain of CFM infants during the first year (study 1) 
and the tendency towards higher weight of BCFM infants at 8 months (study 3) 
may be a matter of some concern. Rapid weight gain early in life has been linked 
to the development of obesity later on (Stettler et al, 2003; Stettler et al, 2002b), 
and the larger weight gain in CFM or BCFM infants as compared to BM infants 
during the first year of life may be a risk factor for the development of obesity. It 
suggests that their energy intake may have exceeded the requirements, resulting 
in fat storage.  
 
The implication of the above is that energy requirements cannot simply be 
deduced from TEE and energy deposited in new tissue, without questioning the 
healthiness of growth on the long term. Studies on the association between early 
feeding and obesity later on in life have, however, been inconclusive. A role for 
early protein intake and childhood obesity has been suggested by some authors 
(Rolland-Cachera et al, 1995; Scaglioni et al, 2000). Rolland-Cachera et al (1995) 
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, and they hypothesised that the 
increase of IGF-I would influence maturation and trigger adipocyte 
multiplication. 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 
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infants with the highest protein content in their diet (≥16 protein energy 
percentage). Some describe a protective effect of breast-feeding on childhood 
obesity (Armstrong & Reilly, 2002; Von Kries et al, 1999), but others found no 
evidence for such an effect, and suggest that factors other than feeding practices, 
such as low paternal education (Agras et al, 1990; Zive et al, 1992), and maternal 
body composition (Zive et al, 1992) are more important determinants of 
childhood adiposity. Data from a 1982 birth cohort in Pelotas, showed no 
protective effect of the duration of breast-feeding into adolescence (Victora et al, 
2003).  
 
Programming of physiological processes occurring during a critical window of 
time, has been an area of considerable interest. Initially the hypothesis focussed 
on impaired prenatal growth (and low birth weight) and health outcomes, such 
as diabetes, and cardiovascular diseases later in life (Barker, 1992). However, 
recently it has been postulated that a high rate of post-natal weight gain could 
explain several aspects of the foetal programming of adult disease hypothesis 
(Lucas et al, 1999; Singhal et al, 2003). Emphasis has been on preterm infants, but 
Stettler’s work (Stettler et al, 2002a; Stettler et al, 2003; Stettler et al, 2002b) 
suggests that findings from Singhal et al (2003) showing that rapid growth in 
infancy predisposes to insulin resistance in adolescence may be generalised to 
full-term infants. This could also be of importance to the BCFM infants in our 
study in whom metabolic rates are altered, and who show a tendency towards 
increased weight gain, and a higher fatness at 8 months of age. 
 
 
5.2 Effect of SES 
The second aim was to study the effect of SES on growth and energy 
expenditure. For the purpose of development of references, measurements are 
usually done in infants from middle and high SES, to ensure that growth is not 
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 a weight-for-height Z-score >2) in 12 months old infants in Pelotas. 
Reanalysis of the Pelotas 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 study 3). This indicates that whenever 
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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.  
 
Growth of middle and high SES infants (based on income) have been considered 
optimal, and for this reason these infants have been included in the WHO 
Multicenter Growth Reference Study (WHO, 1998b). However, the above 
illustrates that the definition of optimal or sub-optimal living conditions in 
countries in transition is not straight forward, and decisions on which socio-
economic classes to include for the development of reference data are difficult. 
The work described here aimed to provide insight into the differences in 
components of energy metabolism between socio-economic classes as assessed 
by maternal education. Maternal education was chosen as the criterion for 
classification by SES because it had been shown to be related to child health 
income independent of family income in a 1982 birth cohort in Pelotas (Victora et 
al, 1992), and information on maternal education (but not family income) could 
be obtained from the electronic database for birth registry (SINASC).  
 
The effect of SES on growth and energy expenditure was only studied at 8 
months because in the study of 4-month-old infants, all infants were from high 
SES. Energy intake tended to be higher in low SES infants, but the difference 
compared to high SES infants was not significant. Similarly, high SES infants 
tended to be taller and heavier at 8 months, although not significantly so. Post-
hoc analysis of statistical power using means and standard deviations for weight 
and length, and sample sizes achieved, resulted in a power of 42%. Lack of 
power seems therefore to have been the reason for the inability to detect a 
significant difference in weight and length in the study population aged 8 
months of age. Within the larger sample of the 1993 cohort, a significant 
difference in both weight and length was found at all ages throughout infancy, 
but BMI and prevalence of overweight or obesity was not different between 
categories of SES. In contrast, in 8 month old infants (study 3), overweight or 
obesity was prevalent in 15.4% of the high SES infants as compared to only 5.1% 
in the low SES infants. The opposite was observed for their mothers: 14.3% of the 
low SES mothers were obese, as compared to 5.6% of the high SES mothers. The 
fact that this large difference in prevalence of obesity did not reach statistical 
significance should again be attributed to low statistical power. Interestingly, 
infants from obese or overweight mothers were more likely to be malnourished 
(based on weight-for-height) than infants from overweight mothers. This is in 
accordance with findings from others who found concurrent under- and 
overnutrition in 30% of the households in the outskirts of Maceió (capital of 
Alagoas, north-eastern Brazil) (Florencio et al, 2001) and who observed that 
under-nutrition in the child and over-weight in one of the parents was very 
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Table 17. Summary of TEE findings around the age of 8 months. 

Reference and study specifics Total energy expenditure 
kcal/kg/d (kJ/kg/d) 

This study, southern Brazil 
n=33BF, high SES, 8.5 months of age 
n=34BF, low SES,  8.5 months of age 
 
(Valquez-Velasquez, 1988), Gambia  
n=19 MF, age 6-9 months of age 
n=8 MF, age 9-12 months of age 
 
(Fjeld et al, 1989), Peru 
n=22FF,age 3-18 months of age, early catch-up phase 
n=19FF,age 3-18 months of age, late catch-up phase 
 
(Davies et al, 1990), UK  
n=19BF, age 9.2 months of age 
 
(Davies et al, 1997), UK 
n=16 MF, 9 months of age 
 
(De Bruin et al, 1998), the Netherlands 
n=22BF/FF, 8 months of age 
 
(Butte et al, 2000a), USA 
n=23BF, 9 months of age 
 
(Tennefors et al, 2003), Sweden 
n=30 MF, 9 months of age 

 
63 ± 18 (258 ± 75) * 
76 ± 15 (318 ± 63)  

 
80 ± 16 (335 ± 65)  
 85 ± 12 (335 ± 50) 

 
 

 90 ± 12 (377 ± 50)    
84 ± 10 (351 ± 42) 

 
78 ± 14 (326 ± 59) 

 
 

75 ± 14 (310 ± 55) 
 
 

 80 ± 10 (333 ± 40) 
 
 

 77 ± 12 (320 ± 50) 
 
 

 77 ± 9.1 (323 ± 34) 

BF=breast-fed; FF=formula-fed; MF=mixture of breast-fed and formula-fed. 
*Values are crude means, with standard deviations between brackets. 
 
 
common in Brazil, China, and Russia, with over-weight in the parent and 
malnutrition in the child being the most common combination (Doak et al, 2000). 
 
With respect to the components of energy expenditure in high and low SES 
infants, TEE was found to be significantly higher in low SES infants. A priori, we 
had hypothesised that TEE and ER would 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. This was not confirmed by our 
findings, but the possibility of unidentified sub-clinical infections should still be 
considered. As MOEE was not different between groups, the difference in TEE 
between high and low SES infants should be attributed to AEE. Analysis of  
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Figure 18. Energy requirements of high and low SES infants at 8 months compared with 
reference values. 
 
 
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 Brazilian Institute for 
Geography and Statistics uses crowding as an indicator of quality of life (IBGE, 
2000), and this indicates that interpretation of crowding as a mediator of the 
difference in AEE found could be used in a broader sense, for example high SES 
infants may have an “easier” life including less moving around as compared to 
low SES infants. Crowding is likely to also be related to housing facilities such as 
ventilation and heating. The field work was done in the summer, and increased 
energy expended on thermoregulation in low SES infants may also have 
contributed to the difference in AEE found. 
 
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 
(see Annex IV), illustrating that a high AEE does not necessarily mean more 
energy towards development.  
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Comparison of TEE observed in this study with findings from others around the 
age of 8 months (see Table 17 and Figure 18) showed that TEE in high SES 
infants was about 20-25% lower than values presented by Butte (1996), whereas 
TEE in low SES infants was similar to these findings. The average TEE (69.0 ± 
17.6 kcal/kg/d) found in our study is within the 95% confidence intervals of 
values published by Butte (2000), and although a difference in TEE between 
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categories of SES has not been described before, it is possible that a distinction 
between high and low SES infants in other research would reveal similar results.  
 
The slightly lower average values of TEE in this thesis may also be attributed to 
an effect of latitude and temperature. Such an effect 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 in SMR 
as we measured in Brazilian infants, and as predicted from equations based on 
UK infants (7%, (Wells et al, 1996a)).  
 
Three other papers have provided data on TEE in infants in countries at a lower 
latitude than US or UK. Butte et al (1993) 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 were suggested to have 
affected TEE were infection, high altitude and cold exposure, and this was 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 increased TEE in Otomi infants. Vasquez-
Velasquez (1988a) found increased SMR and TEE in malnourished infants in the 
Gambia, and Fjeld and Schoeller (1988) observed increased TEE in infants during 
catch-up growth in Peru. These papers all showed increased TEE, but as the 
focus was on malnourished infants (Fjeld & Schoeller, 1988; Vasquez-Velasquez, 
1988a), or the environmental conditions were extreme (Butte et al, 1993). To our 
knowledge, a comparison between privileged and non-privileged infants within 
one population has not been made before. 
 
It could be argued that the difference in AEE and TEE between high and low SES 
infants is typical only at 8 months when infants start to sit, to play, and 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 when 
infants start crawling and walking and become more independent. However, the 
association between AEE and crowding, and also the lack of a correlation 
between child development and TEE (see Annex IV), suggest that it is life style 
that influences TEE, 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.  
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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). 
 
In conclusion, energy intake is higher in BCFM as compared to BM infants aged 
4 months old. Although the difference in energy intake is no longer significant at 
8 months, BCFM infants are fatter and have a higher MOEE. The higher protein 
content in cows' milk explains some of the difference in MOEE between BCFM 
and BM infants, but some other bioactive factor in cows' milk likely contributes 
to the difference in energy metabolism.  
Energy utilisation in infants is also influenced by SES: higher infants have a 
higher TEE as compared to low SES infants. 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 because of 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. 
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