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INTRODUCTION
Over the past 20 years substantial epidemiological evidence has accumulated indicating that low 

birth weight is associated with an increased risk of adult-onset chronic diseases, such as hypertension, 

glucose intolerance, ischaemic heart disease and, more recently, osteoporosis. These studies have largely 

emanated from industrialised societies where birth records have been preserved for many decades and 

there is access to detailed growth data and health outcomes, in many instances through a sophisticated 

informatics network. Some have questioned the relevance of these observations to industrialised 

societies where low birth weight is becoming less common, but not to developing countries where 

the vast majority of low birth weight babies are born and which are currently experiencing a steep rise 

in the prevalence of obesity, diabetes and cardiovascular disease. However, countries with emerging 

economies have also contributed to the body of epidemiological data associating low birth weight with 

adult onset chronic disease, in particular studies from India, China, the Caribbean and South Africa. 

This report will review evidence linking early life origins and adult, chronic diseases of lifestyle, 

with specific reference to South African studies. Furthermore, this report will consider the putative 

mechanisms for these associations, and, finally, attempt to highlight areas of research priority based on 

current national and global health concerns.

Numerous previous reports have found an association between birth weight, subsequent growth 

and development, and attained body mass index (BMI). These relationships have generally 

been shown in children, but there are also reports in adults, with most studies showing a direct 

association, i.e. higher birth weight being associated with higher BMI, and, conversely, low birth 

weight associated with increased body fat content, because of reduced lean tissue mass, and 

increased central adiposity.1-4 Other studies have found that the relationship between birth weight 

and subsequent BMI is J- or U-shaped.4 However, the timing of the intra-uterine insult may also 

influence the nature of the relationship between birth weight and subsequent adiposity. Ravelli et al.5

described the impact of intra-uterine undernutrition in a “natural experiment” which occurred in offspring 

born during the Dutch ‘Hunger Winter’ of the Second World War. In this instance, individuals who 

were exposed to the famine while in utero during the first and second trimesters were nearly three 

times more likely to become obese, compared to those who were not exposed. In recent reviews, 

this association between low birth weight and later obesity, as well as visceral fat accumulation, is 

corroborated.1-3

However, the association is not consistent in all settings, and in particular, in developing 

countries, the progression to obesity and associated morbidity appears to be usually dependent 

on the interaction between birth weight and subsequent growth during critical, developmental 

windows.4,6,7 This has been described as a “thrifty phenotype”.8 Further to this is the potential for 

early life experiences, maternal nutrition and post-natal nutrition and timing of catch-up growth to 

modulate the expression of so-called intra-uterine programming for obesity.4,9-11
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SOUTH AFRICAN STUDIES
Data from South Africa concerning early life “programming” and subsequent obesity are rather limited. 

One such study involves a small longitudinal cohort of children (n=162), resident in rural villages in 

the central region of the Limpopo province, followed from birth.12 In this group, a high prevalence 

of stunting (48%), overweight (22%) and obesity (24%) were found at three years, while 31 (19%) of 

the children were both stunted and overweight. Being underweight at birth and rapid weight gain 

within the fi rst year of life increased the risk of being overweight at three years six-fold. Demographic 

associations with being overweight at this age included: having a mother younger than 20 years old, 

having the mother as the main caregiver and having a working mother.12

 In another example, researchers in the Birth-to-Ten study, a prospective cohort study of the 

determinants of growth, development and health in children born in the metropolitan area of Soweto 

and Johannesburg between April and June 1990, have published two reports assessing the relationship 

between birth weight, weight gain in infancy and subsequent adiposity. In 193 children with normal 

birth weights and anthropometry collected at age 2 and 9 years, children with rapid weight gain were 

signifi cantly lighter at birth, but heavier, taller and had more subcutaneous total body and abdominal 

fat at equivalent BMIs.13 Similarly, Crowther et al.14 found that in 7-8-year-old children from the Birth-

to-Ten cohort, weight gain velocity was associated with increased adiposity, measured by skinfold 

thickness.

 Conversely, in another South African birth cohort, Levitt et al.15 were unable to demonstrate an 

association between birth weight and adult obesity or adipose tissue distribution. This failure to 

show an association may be a consequence of the fact that the group were generally similarly socio-

economically disadvantaged at birth, and that the sample size was relatively small. They were, however, 

able to distinguish that the attributes of the chronic disease phenotype in those with low birth weight 

was prominent and signifi cant only in those who were currently above the median for BMI, fatness or 

centralisation of body fat stores.16 Similarly, in the Birth-to-Ten cohort, those who had a low birth weight, 

but who were above the median weight for age when studied, also presented with increased blood 

pressure (BP) at age 5 years,17 and a greater insulin response to oral glucose tolerance testing at age 7.14

 Furthermore, South African studies, provide a consistent case for the role of early life exposures on 

later obesity. In the recent national Household Food Consumption Survey, nearly 20% of the more than 

2800 children studied were stunted, while 17% were considered overweight. However, it was found 

that stunting itself conferred an increased risk for overweight in children (OR 1.8; 95% CI 1.48, 2.20).18

Similarly, in another study of nearly 500, 10-15-year-old school girls from the Northwest province, 

stunting was also associated with increased deposition of subcutaneous fat, as well as centralisation of 

body fat stores, compared to non-stunted counterparts.19

 Thus, South African studies of large and representative samples of children and pre-adolescents 

have demonstrated the association between adverse early life exposures and propensity to obesity. 

Further, the presentation of attributes of the chronic disease phenotype associated with early life 

programming has been more consistently demonstrated in those children or adults, whose current 

weight places them above the median for the sample population.

EARLY LIFE INFLUENCES ON THE CHRONIC DISEASE 
PHENOTYPE: FEATURES OF THE METABOLIC SYNDROME: 
BLOOD PRESSURE, GLUCOSE TOLERANCE, DYSLIPIDAEMIA, 
INSULIN RESISTANCE
As mentioned previously, an adverse intra-uterine environment, as determined primarily by low birth 

weight, is strongly associated with an increased risk of deleterious metabolic sequelae in adult life, 

including elevated BP, glucose intolerance/insulin resistance, dyslipidaemia and increased mortality 

from cardiovascular disease.20-25 This has led to the hypothesis that events occurring before birth may 

’programme’ physiological responses which lead to cardiovascular and metabolic disorders in later 

life. Furthermore, the extent of metabolic dysregulation, including the degree of BP elevation, glucose 

intolerance and insulin resistance, is greater when low birth weight at term has been associated 

with adult obesity,26-28 thereby suggesting an interaction between intra-uterine events and later 

environmental infl uences.

SOUTH AFRICAN STUDIES
These relationships have been explored in various South African cohorts, in children and adults at 

various ages, and stages of development. One such cohort is the Birth-to-Ten cohort, originally designed 

to examine determinants of growth, development, and health in children born in the metropolitan area 

of Soweto and Johannesburg between April and June 1990;29 it has been extended for a further ten 
Chapter 6



Chronic Diseases of Lifestyle in South Africa since 1995 - 2005pg 60

years. The first report examined the relationship between BP and birth weight in 818 children from this 

cohort at age 5 years. Systolic BP was inversely associated with birth weight, independent of current 

weight, height, gestational age, maternal age, or current socio-economic status. Indeed, for every 1000 

g increase in birth weight, systolic BP was 3.4 mmHg lower (95% CI 1.4, 5.3 mmHg). Further, the highest 

BP was noted in children who fell into the lowest quartile for birth weight (<2 800 g) and the highest 

quartile for current weight – suggesting that the birth-weight effect on BP may be amplified by early 

childhood events and subsequent growth.17

Metabolic studies, using an oral glucose tolerance test, were undertaken in a smaller representative 

subgroup of the Birth-to-Ten children (n=152) at age 7 years. In these children, an inverse association 

was found between birth weight and the 30-min plasma glucose concentration (r=-0.20, p=0.02), as 

well as the amount of insulin secreted within the first 30 min (r=-0.19, p=0.04) and the last 90 min of the 

oral glucose tolerance test (OGTT) (r=-0.19, p=0.04). These data confirm the relationship between poor 

foetal growth as measured by birth weight, and both glucose tolerance and insulin resistance.14

The effect of postnatal and early childhood weight accumulation on these relationships was 

assessed by separating the low birth weight children by current median weight. The group who were 

above the current median for weight (low-high), had greater 120-min insulin concentrations (p <0.05) 

than those who were below the current median weight (low-low), suggesting that post-natal and 

childhood growth patterns modulate the development of insulin resistance. Surprisingly, the low-high 

group demonstrated more insulin sensitivity as assessed by greater suppression of non-esterified fatty 

acids postprandially, a measurement of the antilipolytic action of insulin, than the low-low group.30 This 

finding may suggest tissue-specific down regulation of the insulin receptor or the insulin-signalling 

pathways.

The effect of birth weight and subsequent growth was examined on insulin secretory capacity 

in the same children. The low-high children had similar glucose responses to the OGTT but a greater 

beta cell response measured by the ∆ insulin
30

/glucose
30

 ratio( p <0.05), total des-31,32 proinsulin, total 

proinsulin concentrations and higher 120 min insulin level as mentioned above, compared to the low-

low children.30

A second South African cohort of full-term offspring of primaparous women of mixed ancestral 

origin who gave birth in the Groote Schuur maternity centre, Cape Town, in 1975 and 1976, were 

sampled at the age of 20 years (n=137). The sample was divided into those who were low birth weight 

(< 10th centile UFA) and those of normal birth weight (25th - 75th centiles AFA) for their gestational age, 

and these subjects were recalled for studies examining the association between birth weight and adult 

onset chronic diseases. The UFA group was still smaller and lighter, with a lower BMI, yet this group had 

significantly higher systolic and diastolic BPs than the AFA group (p=0.007) and diastolic (p=0.02) BPs, 

after covarying for current weight and gender.16

The low birth weight group also had higher fasting plasma glucose levels (p=0.047), and a greater 

proportion demonstrated glucose intolerance (11.9% vs. 0%, p <0.01) compared to the normal birth 

weight group. Interestingly, the low birth weight or UFA group, had mothers who were smaller, weighed 

less and attained a lower level of education than did the mothers of the AFA group. Whether this implies 

a relationship between low maternal socio-economic status and the observed low birth weights 

observed, an intergenerational effect independent of socio-economic hardship or genetic influences 

that could play a role in the association between low maternal weight, low birth weight, and subsequent 

adult glucose intolerance, is uncertain.16

A later analysis examined whether the association between low birth weight and this chronic 

disease phenotype depended upon birth weight alone or upon an interaction between birth weight 

and the subsequent accrual of weight for height, the accumulation of fat generally, abdominally or 

attained height in this cohort.15 This was assessed by dividing the two birth weight groups by the 

current median for each anthropometric measure. Subjects who were low birth weight (UFA), but 

above the median at 20 years for BMI, body fat or waist circumference had significantly higher levels 

of systolic BP (and for fatness, diastolic BP), plasma lipids (triglycerides, total cholesterol or low-density 

lipoprotein cholesterol) and insulin resistance which was measured by either fasting insulin or HOMA IR, 

than subjects who were UFA but below the median for the respective anthropometric measures. 

However, none of these metabolic and BP effects were replicated when the interaction between 

low birth weight and current size was determined by height. Additionally, although the levels of current 

BMI, body fat and waist were similar in the respective above the median groups, those who were UFA 

had higher systolic BP and triglycerides (BMI and waist) and both systolic and diastolic BP (body fat) 

than the AFA group. On the other hand, the metabolic and BP levels were similar in the groups below 

the median, for all of the anthropometric measures, regardless of their birth weight. 
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A further study was conducted in preterm neonates. In this, the glucose and insulin responses to a meal 

test of milk were examined at 19.6 ± 12.2 days after birth. The neonates, who were small for gestational 

age and had the greatest postnatal gain in weight, had the greatest insulin resistance. These fi ndings 

were notable for the extension of the association between low birth weight and insulin resistance from 

full to preterm children and the evidence that these abnormalities were already evident in the fi rst few 

week of life.31

PUTATIVE UNDERLYING MECHANISMS FOR THE METABOLIC 
SEQUELAE ASSOCIATED WITH ADVERSE EARLY LIFE 
EXPOSURES
The explanation advanced for the so-called foetal origins of adult disease proposed by Hales and Barker8

in the early 1990s was the thrifty phenotype hypothesis, initially relating specifi cally to type 2 diabetes. 

Their concept was that an adverse intra-uterine environment relating to poor foetal nutrition imposed 

mechanisms that programmed fetal metabolism for subsequent nutritional thrift. Should this state of 

nutritional hardship persist, the physiological adaptation would be appropriate. In contrast, should 

the individual subsequently be exposed to good or over-abundant nutrition, there would be a state of 

physiological maladaptation and disease, e.g. glucose intolerance would occur. An alternative theory, 

that of the thrifty genotype, had already been invoked by Neel32 in 1962, to explain the profound rise 

in diabetes prevalence among traditional populations, such as the Pima Indians and Naurians, as their 

lifestyles changed from active hunter gatherers and farmers to more westernised ones.33 The Naurians 

being typifi ed by sedentary occupations and profound dietary changes. This theory proposed that 

genes, in this case diabetogenic genes, persisted in a population as they somehow provided a survival 

advantage in states of deprivation or famine. In states of plenty, on the other hand, these genes proved 

to be detrimental.

 Notwithstanding, the extensive epidemiological and animal data associating low birth weight 

with adult chronic disease, and the assumption that low birth weight was a proxy for intra-uterine or 

foetal undernutrition, this is not necessarily the case. Many factors impact upon birth weight, such as 

birth order, gestational age, maternal age, maternal size, weight gain in pregnancy, maternal diabetes, 

maternal hypertension, maternal smoking, alcohol and drug use, stress and infection. Furthermore, 

while an adverse intra-uterine environment may have major long-term consequences, it may not 

always result in low birth weight. Experimental evidence to date clearly indicates that programming 

during gestation does occur. The mechanisms underpinning the programming are largely unknown, 

but include variation in organ structure, programming or imprinting of which, would of necessity occur 

during the phase of organogenesis. This might result in alterations in vascular supply, neural innervation 

or in the physical arrangement of cell types, as well as alteration in cell number, cellular proliferation or 

metabolic diff erentiation. The last is the process through which cells acquire a stable pattern of gene 

expression and refers to enzymes, hormones, transmembrane transporters, and hormone receptors 

that are additional potential mechanisms.34 The period during which programming may occur is not 

simply limited to the time of gestation, the periconception period in addition to the early postnatal 

period also seem to be subject to these processes.

EARLY LIFE INFLUENCES ON BONE METABOLISM, FRACTURE 
RISK AND OSTEOPOROSIS
Bone mass of an individual in later life depends upon the peak bone mass obtained during skeletal 

growth, and the subsequent rate of bone loss in adulthood (Fig. 1).35 Consequently, strategies to 

prevent osteoporosis may be aimed at either increasing bone mass acquisition during childhood and 

adolescence, or reducing the rates of bone loss during adulthood. The majority of variance in peak bone 

mass is accounted for by genetic factors, but it is likely that the interplay between environmental factors 

(exercise, nutrition) and the genome establishes the functional level of a variety of metabolic processes 

involved in skeletal growth.36
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Supportive evidence has accumulated suggesting that intra-uterine programming can contribute to 

the risk of osteoporosis in later life. Such evidence includes: (a) bone mineral measurements undertaken 

in cohorts of adults, whose detailed birth and/or childhood records have been preserved;37,38 (b) 

physiological studies exploring the relationship between candidate endocrine systems that may be 

programmed (GH/IGF-I; hypothalamic-pituitary adrenal, gonadal steroid) and age-related bone loss;39,40

(c) studies characterising the nutrition, body composition and lifestyle of pregnant women and relating 

these factors to the bone mass of their newborn babies;41 and (d) studies relating childhood growth 

rates to the later risk of hip fracture.37

SOUTH AFRICAN STUDIES
In developed countries, emphasis is placed on the importance of optimising bone mass during 

childhood and adolescence to reduce the prevalence of postmenopausal osteoporosis. In South 

Africa, little is known of the factors which influence bone mass in the different racial groups with very 

different environmental factors. Although osteoporosis and minimal trauma fractures are thought to be 

uncommon in postmenopausal black women in South Africa, changes in lifestyle and dietary patterns 

associated with urbanisation and the move to a more westernised lifestyle pattern may predispose 

black females, who have spent most of their lives in an urban environment, to suboptimal peak bone 

mass and a greater risk of postmenopausal fractures than previously. Furthermore, the role intra-uterine 

programming, birth weight, and early growth and nutrition have on bone mass acquisition and fracture 

risk within a South African population has not been thoroughly explored. Currently, only two paediatric 

studies have explored the association between birth weight and bone mass.

The first study in a Johannesburg-Soweto-based birth cohort investigated associations between 

birth weight, weight and length at one year, and bone mass in a group of 10-year-old black and white 

girls and boys. Bone area (BA) and bone mineral content (BMC) measurements were made of the whole 

body, femoral neck, and lumbar spine using dual energy x-ray absorptiometry (DXA). Birth weight (BW), 

weight (WT1) and length (LT1) at one year were positively and significantly correlated with BMC of the 

whole body (both p <0.0001), femoral neck (both p <0.0001) and lumbar spine (BMC: BW & WT1: p 

<0.0001; LT1: p <0.05), in 10-year-old children. However, after correcting bone mass for confounders 

(ethnicity, gender, and body size (height and weight)), body size at one year, more so than birth weight, 

remained a significant predictor of BMC of the whole body (WT1: p <0.01; LT1: p <0.05) and of the femoral 

neck (WT1: p <0.05; LT1: p <0.05). The results suggest that small size at one year is associated with less 

bone mass of the whole body and femoral neck independent of body size effects. Consequently, growth 

and development both intra-uterine and up until one year of age, which are measures of genetic, intra-

uterine and postnatal environmental factors, have consequences on the pre-pubertal skeleton.42

The second study, a birth cohort of mixed ancestral origin from a working class community in Cape 

Town, explored associations between birth weight and DXA-derived BMC of the whole body, femoral 

neck, and lumbar spine when the children were 7-8 years old. The study results showed a significant 

association between birth weight and the femoral neck BMC (p <0.005). However, after correcting for 

current body size this association disappeared (Micklesfield et al, unpublished data).
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In summary, further studies in South Africa are needed to conclusively determine the independent 

eff ect intra-uterine and early growth programming have on bone mass acquisition during childhood 

and adolescence, and the adult risk of fracture and osteoporosis. The same is not true for the metabolic 

and cardiovascular sequelae of these early events. The public health challenge in South Africa is however 

clear, i.e. prevention of stunting and subsequent rebound adiposity.

CONCLUSION
There is clearly evidence, both at a global level and in nationally representative studies, for the substantial 

impact of adverse, early life events on early growth, subsequent adiposity and metabolic sequelae and, 

fi nally, adult chronic disease morbidity. This is possibly predominantly the eff ect of programming of 

the various neuro-endocrine axes, and thereby altering, for example, appetite, sympathetic activation, 

insulin, growth hormone and cortisol metabolism. There is ample evidence for 1) various susceptible 

genotypes, and 2) the critical role of perinatal and subsequent growth trajectory, nutritional and 

physical activity exposures and even socio-economic status and education, on the fi nal presentation 

of the chronic disease phenotype in response to the early life insults. These studies, and the respective 

gaps which remain unfi lled, nevertheless highlight the importance of adopting a life-course approach 

to the prevention of chronic disease. This may be particularly important in developing countries, which 

are currently undergoing epidemiological transition.
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