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SUMMARY 
 
The International Atomic Energy Agency (IAEA) at its headquarter in Vienna convened a 
consultants meeting from 9-13 December, 2002, to provide the Agency current insights into 
the application of nuclear and isotopic techniques as tool to support studies aimed at assessing 
the causes of Intrauterine Growth Retardation (IUGR). The consultants were: Dr. B. 
Caballero, Dr. D. Labadarios, Dr. G. Carroli, Dr. L.S. Bakketeig and Dr. P.T.V Nair. 
Representatives from the World Health Organization (WHO), Dr. G. Glugston and Dr. S. 
Khanum, were present as observers during the initial part of the meeting. Given the 
Consultants’ areas of expertise and the topics covered in the discussions, the scope of the 
Meeting was modified to “The application of isotopic and nuclear techniques to address the 
problem of intrauterine growth retardation (IUGR) in populations from developing countries”. 
 
The objectives of the meeting were to: (i) Evaluate the overall scope of a new co-ordinated 
research project (CRP) and suggest options for specific areas of research within that scope; 
(ii) Examine the applicability of nuclear and isotope based techniques in researches related to 
practical approaches for monitoring maternal weight and weight gain during pregnancy (e.g. 
body composition and energy balance assessment); (iii) Establish harmonised methods and 
criteria for appropriate weight gain and foetal growth charts for pregnant women in 
developing countries; (iv) Suggest approaches to assess the effectiveness of nutrition 
interventions aimed at reducing IUGR and its consequences. 
 
This meeting benefited from the broad areas of experience of scientists from both developed 
and developing countries. Their expertise in the use of isotopes and nuclear techniques, and in 
studies on human nutrition, epidemiology, IUGR, Low birth weight and undernutrition 
provided the advocacy and approaches to fellow in the application of nuclear and isotopic 
techniques as part of maternal malnutrition and IUGR studies. Representatives from WHO 
participated in the meting to highlight the concept of a global strategy for IUGR prevention. 
 
The importance and need for improved assessments of maternal energy balance and foetal 
growth particularly in malnourished populations was recognized. Specifically, much can be 
gained by the application of nuclear and isotopic techniques to improve current 
methodologies for evaluation of body composition and energy metabolism. A 
recommendation was also made for harmonization of measures of body composition, body 
weight gain and energy expenditure. 
 
The consultation also recognized the scarcity of information on, energy requirement during 
different stages of pregnancy. There was general agreement that the use of the four 
compartment model with isotopic dilution technique should be encouraged as a means of 
acquiring high quality data, particularly in developing countries. 
 
It was agreed that the use of stable isotope techniques would greatly improve measurement of 
energy metabolism during pregnancy and also to validate the use of simple and affordable 
methods such as bioelectrical impedance. This will increase the feasibility to perform more 
studies in the developing world, which will increase the present understanding of the impact 
of nutrition intervention on pregnancy outcomes. 
 

 



As a result of their deliberations, participants in the consultants meeting suggested the 
following recommendations for future Agency’s Co-ordinated research project: stable isotope 
techniques should be used to address some important issues related to IUGR such as: 
 
1. Standardisation of methodology and measurements for body composition during 

pregnancy particularly in developing countries. 
2. Determination of the association between maternal energy accumulation as fat tissue, 

and foetal growth. 
3. How does maternal energy expenditure affects energy needs and energy transfer to the 

foetus? 
4. What indices of maternal energy homeostasis are possible predictors of foetal growth 

and birth weight? (e.g., TBW increments, changes in bioelectrical impedance, ratio of 
intra-to-extra cellular water, etc.) 

5. What is the contribution of placental function, particularly blood flow, to the foetus’s 
ability to utilize maternal energy supply? 
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1. INTRODUCTION 

1.1. Background 
 
Intrauterine growth retardation or restriction (IUGR), which is a condition where foetal 
growth has been constrained (Bakketeig, 1998), is the main cause of low birth weight (LBW). 
While most LBW in industrialized countries is due to pre-term birth, the majority of LBW in 
developing countries is due to IUGR. According to the UN Standing Committee on Nutrition 
(SCN) and the World Bank, approximately 30 million infants born every year suffer from 
IUGR in developing countries. Incidence rates of >15% for LBW and 20% of IUGR indicate 
a public health problem (de Onis et al, 1998). IUGR and LBW are generally associated with 
increased morbidity and mortality and poor cognitive development for neonates and infants. 
IUGR and LBW have a long-term physiological consequence. Indeed, there is growing 
evidence that being born small for gestational age is associated with increased risk of 
cardiovascular diseases and diabetes later in life. 
 
One of the nutritional goals of the 1990 World Summit for Children was to reduce the 
prevalence to LBW to less than 10% by the year 2000. Needless to say, this remains a 
formidable challenge for the 21st century. 
 
Causes of IUGR centre on the foetus, the placenta, the mother, and the combinations of all the 
three parameters. The maternal environment is the most important determinant of birth 
weight, and factors that prevent normal circulation across the placenta cause poor nutrients 
and oxygen supply to the foetus, restricting growth. These factors may include maternal 
malnutrition, malaria, anaemia, and acute and chronic infection (e.g. HIV/AIDS). Genetic 
abnormalities, hypertension, renal diseases, cigarette smoking are also associated with IUGR 
(SCN, 2000); (Prada, 1999) 
 
Major determinants for low birth weight in developing countries, however, are poor maternal 
nutritional status at conception, low gestational weight gain due to inadequate dietary intake, 
and short maternal stature due to mother’s own childhood under nutrition (Prema 
Ramachandran, 2002); (SCN. 2000). Because maternal under nutrition is a major determinant 
of IUGR and LBW in developing countries, high rate of LBW should be interpreted as an 
indicator of under nutrition, morbidity and mortality for the newborn, and also as an urgent 
public health warning that women of childbearing age are undernourished as well. Countries 
with high percentage of LBW infants generally have a higher percentage of underweight 
children and women with low Body Mass Index (BMI). Therefore, understanding the basic 
causes of IUGR and LBW are necessary to address the issues of maternal and child health 
(SCN, 2000). 
 
The International Atomic Energy Agency (IAEA) at its headquarter in Vienna convened a 
consultants meeting from 9-13 December, 2002, to provide the Agency current insights into 
the application of nuclear and isotopic techniques as tool to support studies aimed at assessing 
the causes of Intrauterine Growth Retardation (IUGR). The consultants were: Dr. B. 
Caballero, Dr. D. Labadarios, Dr. G. Carroli, Dr. L.S. Bakketeig and Dr. P.T.V. Nair. 
Representatives from the World Health Organization (WHO), Dr. G. Glugston and Dr. S. 
Khanum, were present as observers during the initial part of the meeting. 
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The objectives of the meeting were: (i) To evaluate the overall scope of a new co-ordinated 
research project (CRP) and suggest options for specific areas of research within that scope. 
(ii) To examine the applicability of nuclear and isotope based techniques in researches related 
to practical approaches for monitoring maternal weight and weight gain during pregnancy 
(e.g. body composition assessment). (iii) To establish harmonised methods and criteria for 
appropriate weight gain and energy expenditure charts for pregnant women in developing 
countries. (iv) To suggest approaches to assess the effectiveness of nutrition interventions 
aimed at reducing IUGR and its consequences. 
 

2. IMPACT OF MATERNAL NUTRITIONAL STATUS ON IUGR 
 
A number of randomised clinical trials have focused on nutrition interventions and using birth 
weight as the main outcome. Although results not always have been conclusive, the overall 
evidence seems to support a significant effect of balanced protein-energy supplementation, 
reducing the risk of IUGR by 30%. On the other hand, the negative effect on one early trial 
providing high-protein supplementation in pregnancy showed a 30% increase in the risk for 
IUGR. (Kramer, 2000(a)); (Kramer, 2000(b)). However, evidences are still needed to 
understand the relationship between mother’ energy balance and IUGR. 
 
Other diet-related interventions, specifically those based on single-micronutrient 
supplementation (calcium, magnesium, etc.), have shown either promising but inconclusive 
results or no effects (zinc, iron). (Shirimpton et al, 2002). The long-term implications of 
prenatal nutritional interventions in terms of infant and child health, growth and development 
must also be considered 
 

2.2. THE ROLE OF THE PLACENTA 
 
It is recognized that an adequate maternal nutritional status by itself does not insure adequate 
nutrient supply to the foetus, since this requires a normal placental function as well. Emerging 
evidence indicates that in human pregnancies abnormalities in the placental structure with 
attendant placental insufficiency may be a significant contributory factor to IUGR. (Wilhelm 
et al, 2002) 
 

2.3. INFECTIOUS DISEASES 
 
Infectious diseases that are highly prevalent in the developing world, including malaria, HIV, 
tuberculosis, syphilis, and others, are well recognized as affecting maternal health and 
consequently foetal growth. Additionally, more subtle indices of inflammation, such as acute-
phase response products, have also been associated with adverse pregnancy outcomes. For 
example, it has been shown that serum C-reactive protein concentration is a predictor of pre-
term labour (Ayisi et al, 2003); (Eslick et al, 2002); (Steketee et al, 2001) 
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2.4. ENERGY BALANCE AND FOETAL GROWTH 
 
The evidence from randomised clinical trial does support a practical link between dietary 
energy, maternal energy stores, and foetal growth and birth weight. Thus, improving the 
technical ability to identify populations at risk of energy deficiency during pregnancy, and 
developing adequate markers of risk for energy deficit in the mother and the foetus, will 
undoubtedly increase the capacity of scientific community to enhance the effectiveness of 
these interventions.  
 
There is substantial evidence that maternal nutritional status influences body weight. 
Observational studies as well as several clinical trials have documented a direct correlation 
between maternal weight gain and birth weight. However, this association is not as strong as 
could be expected, suggesting that the connection between maternal energy balance and foetal 
growth is modulated by a number of physiological factors. On the maternal side, energy 
balance includes maintenance of pre-pregnancy energy status, accumulation of body fat, 
changes in basal and total energy expenditure associated with pregnancy, and support of 
foetal growth. 
 
So far, it has been technically difficult to quantify the relative contributions of these 
compartments to the total energy economy during pregnancy. And with the exception of a few 
studies in specific countries, there is hardly any information in this area in the context of 
developing countries (Abrams et al, 2000). 
 
Between the maternal energy availability and the foetus’ energy needs for normal growth, the 
placenta constitutes an important modulatory factor. It is well known that the placenta plays 
an important neuro-endocrine regulatory role for anabolic and hemodynamic processes, and is 
the case for energy metabolism as well. First, a number of placental hormones significantly 
alter pre-pregnancy energy metabolism and substrate oxidation (e.g Leptin), maximizing 
foetal energy transfer and accumulation (Christo et al, 2002). These changes occur at different 
rates over the course of pregnancy, and thus impact differently on maternal energy 
homeostasis.  
 
The figure below outlines the components of this system. Interventions aiming at improving 
foetal growth by targeting maternal energy resources assume that placental function and 
maternal energy expenditure are functioning appropriately, and thus would not impede energy 
transfer to the foetus. However, this assumption is rarely tested. 
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Figure 1: The role of the placenta as modulatory factor between maternal energy availability 
and foetal energy needs. 

 

3. ISOTOPIC METHODS IN ASSESSING MATERNAL ENERGY HOMEOSTASIS 
DURING PREGNANCY 
 
Characterization of body composition by conventional methods such as anthropometrical 
measures is not sufficient to explore metabolic changes and energy patterns and alterations 
during pregnancy. Measurement of body composition is an important component of this 
evaluation. The most commonly used approach for measurement of body composition is the 
2-compartment model that divides the body in fat and fat-free spaces. 
 

3.1. Determination of body composition by isotopic dilution (the two compartment 
model) 
 
Isotopic dilution is recognized as the reference method for measuring total body water 
(TBW), from which fat-free mass can be calculated. However, the large increase in TBW that 
occur in pregnancy, which changes the % water content of lean tissue, introduces significant 
biases in methods based on TBW measurements. Thus, the 2-compartment model should be 
interpreted carefully during the estimation of fat stores during pregnancy (Sohlstrom A, 1997) 
 
It’ s a non-invasive method for accurately measuring body composition. The isotope dilution 
method is based on the measurement of total body water and the assumption that lean body 
tissue is 73.2% water. Thus, once body water is estimated, lean body mass and body fat can 
be calculated. The basic principle of the dilution techniques for body composition analysis is 
that the volume of a compartment can be defined as the ratio of the dose of a tracer, 
administered orally or intravenously, to its concentration in that body compartment within a 
short time after the dose is administered. Typically, two fluid samples (blood, saliva, or urine) 
are collected: one just before administration of the dose, to determine the natural background 
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levels, and the second sample after waiting a sufficient amount of time for penetration of the 
tracer within the compartment of interest. Inherent in any tracer dilution technique are four 
basic assumptions: 1) the tracer is distributed only in the exchangeable pool, 2) it is equally 
distributed within this pool, 3) it is not metabolised during the equilibration time, and 4) tracer 
equilibration is achieved relatively rapidly. If any of these requirements is violated, then the 
ratio of administered dose to fluid concentration must be adjusted. 
 
However, the large increase in total body water (TBW) that occurs in pregnancy, which 
changes the % water content of lean tissue, introduces significant biases in methods based on 
TBW measurements. Thus, the 2-compartment model should be interpreted carefully and 
adjusted properly during the estimation of fat stores in pregnancy (Sohlstrom A and Forsum 
E., 1997). 
 

3.2. Determination of body composition by isotopic dilution (the four compartment 
model) 
 
It is generally accepted that measurement of body composition during pregnancy can be 
greatly improved by use of a 4-compartment model. This would involve the independent 
measurement of TBW by isotopic dilution, body density by underwater weighing, and body 
mineral content by dual-energy X-ray absorptiometry (DEXA). Because DEXA scanning 
involves a small amount of radiation (0.6 mrems), it is done immediately after delivery. 
 
The application of nuclear techniques together with conventional methods permits the 
analysis of body composition from a multiple compartmental perspective. These techniques 
make it possible to account for variability in body water content during pregnancy. This may 
be of crucial importance if we want to have reliable data between the relationship between 
mother energy balance and foetal growth. 
 

3.2.1. Determination of body mineral content by Dual-Energy X-ray Absorptiometry (DEXA) 
 
A relatively new technology that is very accurate and precise, DEXA is based on a three-
compartment model that divides the body into total body mineral, fat-free soft (lean) mass, 
and fat tissue mass. This technique is based on the assumption that bone mineral content is 
directly proportional to the amount of photon energy absorbed by the bone being studied. 
DEXA uses a whole body scanner that has two low dose x-rays at different sources that read 
bone and soft tissue mass simultaneously. It is safe and non-invasive. 
 
DEXA is fast becoming the new "gold standard" because it provides a higher degree of 
precision in only one measurement and has the ability to show exactly where fat is distributed 
throughout the body. 
 
Because DEXA scanning involves a small amount of radiation (0.6 mrems), it is done 
immediately after delivery (Butte et al, 1997). 
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3.3. Total energy expenditure by the doubly labelled method 
 
The technique involves enriching the body water of a subject with an isotope of hydrogen and 
an isotope of oxygen and then determining the washout kinetics of both isotopes as their 
concentrations decline exponentially toward natural abundance levels. The concentration of 
the hydrogen isotope, nearly all of which remains associated with water molecules, decreases 
as a result of dilution of body water by new, unlabelled water (consumed as food and drink 
and produced during oxidation of foodstuffs), coupled with the simultaneous loss of labelled 
water via evaporation from lungs and skin, and via excretions and secretions. The rate 
constant for 2H is derived as the slope of loan 2H enrichment against time and is a measure of 
the rate of water movement through the subject. 
 
Most of the 18O in a labelled subject is lost as water, but some is also lost as carbon dioxide 
because CO2 in body fluids is in isotopic equilibrium with body water due to the action of 
carbonic anhydrase present in red blood cells and elsewhere. Thus the slope of the washout 
line representing 18O is steeper than the line for 2H, and the difference between slopes 
represents CO2 production. This indirect measure of metabolic rate may then be converted to 
units of heat production by incorporating knowledge, or estimates, of the chemical 
composition of the foodstuffs being oxidised since this influences the energy equivalence of 
each litre of CO2 produced. Determination of the two rate constants requires a minimum of 
two post-dose samples of body fluid, over a time period of several days to several weeks, 
depending on the subject's age and rate of water consumption.  
 

4. NON ISOTOPIC TECHNIQUES THAT COULD BE USED SIMULTANEOUSLY 
WITH ISOTOPIC TECHNIQUES 
 

4.1. Body density by underwater weighing 
 
Underwater (hydrostatic) weighing, based on Archimedes' Principle, because body fat is less 
dense than water, it increases one's buoyancy while the fat-free mass, which has a density 
greater than water, makes one sink. After correcting for residual volume–which increases 
buoyancy and decreases the underwater weight–percent fat can be calculated based on the 
underwater weight. The largest source of error in underwater weighing is thought to be the 
determination of residual volume (RV); the amount of air remaining in the lungs following 
maximal expiration). The procedure for measuring underwater weight is used to determine the 
body density. Using body density, percent fat can be estimated. 
 

4.2. Bioelectictrical impedance 
 
Bioelectrical impedance analysis (BIA) is a widely used method to estimate body 
composition. The technology actually determines the electrical impedance of body tissues, 
which provides an estimate of total body water (TBW). Using these values of TBW derived 
from BIA, fat-free mass (FFM) and body fat may then be estimated. In addition to its use in 
estimating adiposity, BIA is beginning to be used in the calculation of body cell mass and 
TBW in a variety of clinical conditions. 
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5. RESEARCH RECOMMENDATIONS WITHIN THE PROPOSED CRP 
(SEE ALSO TABLE 1) 

5.1. General research needs in the area of IUGR in developing countries: 
 
In spite of the recognition of the public health importance of IUGR, there are still 
fundamental gaps in our understanding of key aspects of the problem in the context of 
developing countries. 
 
5.1.1. Rationale for harmonization of measurement 
 
In order to study the role of mother’s nutritional status and particularly energy balance on 
IUGR prevalence in developing countries. Practical field measures are required that reflect 
total body water and fatness in an unbiased manner. Differences in total body fat, fat reserves 
and the distribution of fatness may help to explain the alteration of foetal growth during 
pregnancy.  
 
5.1.2. The association between maternal energy accumulation as fat tissue and foetal growth? 
 
Monitoring fat accumulation during pregnancy is not an easy procedure and needs data on 
variables using several techniques in the same time such as (i) assessment of caloric intake, 
maternal weight, birth weight, placental weight, and length of gestation by using conventional 
methods e.g. anthropometrical measures. Isotopic dilution combined with bioelectrical 
impedance and whenever is possible DEXA could give accurate data on maternal fat 
accumulation during pregnancy. 
 
5.1.3. Is there a period of gestation in which maternal energy balance is more closely associated with 
foetal growth? 
 
To understand this correlation, energy expenditure and body composition need to be 
monitored carefully during pregnancy using doubly labelled water associated with other 
conventional methods e.g. bioelectrical impedance and anthropometry. 
 
5.1.4. What is the contribution of placental function, particularly blood flow, to the foetus’s 
ability to utilize maternal energy supply 
 
Monitoring blood placental flow by Dual-Doppler velocimetry and Ultrasonography as well 
as foetal growth and maternal weight and blood indices (hormones level by RIA) can provide 
some data and shade light on the role of the placenta in IUGR 
 
5.1.5. What indices of maternal energy homeostasis are possible predictors of foetal growth 
and lowbirth weight? 
 
Biological indicators are needed to track the foetal growth alterations and accurate tools to 
monitor these bio-indicators are necessary to get this information (e.g., TBW increments, 
changes in bioelectrical impedance, ratio of intra-to-extracellular water, etc.). 
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TABLE 1: RESEARCH ISSUES TO BE ADDRESSED BY A CRP RELATED TO CAUSES 
AND MECHANISMS OF IUGR, AND RELATED METHODOLOGICAL ASPECTS 
 

Research question Measurement Related methods 
What is the association 
between maternal energy 
accumulation as fat tissue and 
foetal growth? 

Body composition 
Monitoring of gestation 

Isotopic dilution 
Bioelectrical impedance 
DEXA 
Densitometry 
Anthropometry 

Is there a period of gestation 
in which maternal energy 
balance is more closely 
associated with foetal 
growth? 

Sequential 
measurement of body 
composition 
Energy expenditure 

Same 

What is the contribution of 
placental function, 
particularly blood flow, to the 
foetus’s ability to utilize 
maternal energy supply? 

Placental blood flow 
Foetal health 
Maternal indices 

Dual-Doppler velocimetry 
Ultrasonography 
Hormone lab (RIA, etc.) 

How does maternal energy 
expenditure affects energy 
needs and energy transfer to 
the foetus? 

Energy expenditure 
Physical activity level 

Doubly-labelled water 
Indirect calorimetry 
Accelerometry 
Body composition techniques 

What indices of maternal 
energy homeostasis are 
possible predictors of foetal 
growth and birth weight? 
(e.g., TBW increments, 
changes in bioelectrical 
impedance, ratio of intra-to-
extracellular water, etc.) 

Sequential 
measurement of body 
composition 
Monitoring of gestation 
Birth weight 

Body composition methods 

How can these indices be 
effectively used to assess the 
impact on nutritional 
interventions on foetal 
growth and birth weight? 

Evaluation of specific 
indices  
Access to an ongoing 
or planned large-scale 
intervention trial 

Epidemiological and statistical 
techniques 
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6. RESEARCH ISSUES TO BE ADDRESSED BY A CRP RELATED TO 
CONSEQUENCES OF IUGR, AND RELATED METHODOLOGICAL ASPECTS 
 
Major research questions that may be addressed by another CRP, in the context of IUGR and 
its consequences in DC, and their methodological correlates are presented in the following 
table. 
 

TABLE 2: RESEARCH ISSUES TO BE ADDRESSED BY A CRP RELATED TO 
CONSEQUENCES OF IUGR, AND RELATED METHODOLOGICAL ASPECTS 
 

Research question Measurement Methods 
What are the different 
consequences of nutritional 
deficiencies and placental 
dysfunction on postnatal 
state of the IUGR newborn? 

Neonatal assessment 
Body composition in the 
newborn 

Isotopic dilution 
Bioelectrical impedance 
Dual-Doppler 
Ultrasonography 

What are the effects of 
IUGR on energy 
homeostasis in the LBW 
newborn? 

Maternal and neonatal 
hormone levels 
Body composition 
Insulin sensitivity 
Substrate oxidation 

Body comp. methods 
RIA lab 
Insulin sensitivity methods 
Tracer infusion techniques 
Gas-exchange calorimetry 
GC and IR mass 
spectrometry 

Is there a measurable effect 
of transient IUGR on 
normal birth weight 
newborns? 

Same as above Same as above 

What are the characteristics 
and effects of post-natal 
catch-up growth of IUGR 
newborns? 

Longitudinal assessment of 
body composition in the 
newborn 
Substrate oxidation 
Energy expenditure 

Stable isotope tracer studies 
Mass spectrometry 
Gas-exchange calorimetry 
Hormone lab 
Body composition lab 

What are the implications of 
IUGR for adult chronic 
diseases? 

Cross-sectional assessment 
Cohort monitoring 

Epidemiological methods 
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7. OTHER IMPORTANT RESEARCH NEEDS IN THIS AREA 
 
While it is understood that many of these research needs may be beyond the scope of the 
present CRP, it is important to identify them and thus place the main focus of this CRP on the 
context of WHO strategy and global research agenda for IUGR in developing countries 
 
1. Expand the database on prevalence of IUGR in dev countries, with information on 

regional and intra-country differences. 
2. Improve methods for data collection and dating of pregnancy. 
3. Expand the database on mortality rates of newborns with IUGR (prevalence, causes, 

risk factors, predictors, etc). 
4. Develop reference standards of foetal growth and for IUGR diagnosis, based on 

pregnancy dating, foetal assessment and other methods. 
5. Explore means to improve our ability to obtain pre-pregnancy data as an important 

component for the evaluation of maternal and foetal status during pregnancy. 
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APPENDIX 1: INFORMATION SHEET 
 

 
“Causes and consequences of intrauterine growth retardation (IUGR) in 

populations from developing countries” 

 

1. BACKGROUND 
 
Intrauterine growth retardation (IUGR), which is a condition where foetal growth has been 
constrained (Bakketeig, 1998), is the main cause of low birth weight (LBW). While most 
LBW in industrialized countries is due to preterm birth, the majority of LBW in developing 
countries is due to IUGR. According to the UN Standing Committee on Nutrition (SCN) and 
the World Bank, approximately 30 million infants born every year suffer from IUGR in 
developing countries. Incidence rates of >15% for LBW and 20% of IUGR indicate a public 
health problem (de Onis et al, 1998). IUGR and LBW are generally associated with increased 
morbidity and mortality and poor cognitive development for neonates and infants. IUGR and 
LBW have a long-term physiological consequence. Indeed, there is growing evidence that 
being born small for gestational age is associated with increased risk of cardiovascular 
diseases and diabetes later in life. 
 
One of the nutritional goals of the 1990 World Summit for Children was to reduce the 
prevalence to LBW to less than 10% by the year 2000. Needless to say, this remains a 
formidable challenge for the 21st century. 
 
Causes of IUGR centre on the foetus, the placenta, the mother, and the combinations of all the 
three parameters. The maternal environment is the most important determinant of birthweight, 
and factors that prevent normal circulation across the placenta cause poor nutrients and 
oxygen supply to the foetus, restricting growth. These factors may include maternal 
malnutrition, malaria, anaemia, and acute and chronic infection (e.g. HIV/AIDS). Genetic 
abnormalities, hypertension, renal diseases, cigarette smoking are also associated with IUGR 
(SCN, 2000); (Prada, 1999) 
 
Major determinants for low birthweight in developing countries, however, are poor maternal 
nutritional status at conception, low gestational weight gain due to inadequate dietary intake, 
and short maternal stature due to mother’s own childhood undernutrition (Prema 
Ramachandran, 2002); (SCN. 2000). Because maternal undernutrition is a major determinant 
of IUGR and LBW in developing countries, high rate of LBW should be interpreted as an 
indicator of undernurition, morbidity and mortality for the newborn, and also as an urgent 
public health warning that women of childbearing age are undernourished as well. Countries 
with high percentage of LBW infants generally have a higher percentage of underweight 
children and women with low Body Mass Index (BMI). Therefore, understanding the basic 
causes of IUGR and LBW are necessary to address the issues of maternal and child health 
(SCN, 2000). 
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Consequences of IUGR have been discussed in many scientific papers (Mata, 1978); (Baker, 
1996); (Martorell et al, 1999); (DA Leon, 1999). There are evidences that IUGR and LBW are 
related to morbidity and mortality in infancy and to various neurodevelopmental outcomes 
and physical growth in childhood. It has also been reported, that size at birth is associated 
with high blood pressure, diabetes and coronary heart disease in adult life (Barker, 1994); 
(DA Leon, 1997). However, the major gaps in knowledge about long term effects of IUGR is 
the scarcity of studies from developing countries that assess the consequences of IUGR in 
settings of greater malnutrition and poverty. In addition, very little is known about the 
consequences of IUGR on body composition (fatness and lean mass) during infancy and 
childhood and lately during adulthood. 
 
Poor nutrition often begins in intrauterine environment and extends throughout the life cycle. 
Low birth weight is an intergenerational problem where low birthweight infants grow up to be 
undernourished and stunted children and adolescent and, ultimately, undernourished women 
of childbearing age, and undernourished pregnant women who deliver low birth weight infant. 
 
WHO recommends that during the last two trimesters of pregnancy, women should gain at 
least 1 kg per month for a total of 6 kg, (SCN, 2000). Lack of weight gain during these last 
two trimesters, or weight loss is very detrimental to the foetus and/or mother and requires 
immediate action. 
 
Anthropometrical measurements of pregnant women e.g. height, head circumference, 
skinfolds (for fat mass calculation), arm muscle area (for muscle mass calculation) are the 
most used techniques to assess women’s body composition and nutritional status. Thus, 
monthly monitoring nutritional status of pregnant women is demanding and may not be 
feasible for many developing countries. However, weight loss between two consecutive 
measurements during two consecutive months is very detrimental to the foetus and/or mother 
and requires immediate action (Brown et al, 2002). Therefore, There is an urgent need for 
developing practical approaches to assess nutritional status and body composition of mothers 
and to establish appropriate weight gain charts for women in developing countries. 
 
Effective interventions to increase pregnant weight and weight gain during pregnancy should 
be given priority. Evidence now exists to suggest that infant outcomes can be improved by 
improving maternal nutritional status (SCN, 2000); (de Onis et al, 1998). 
 
More efficacy studies on high-energy & nutrient rich food supplements to reduce low birth 
weight and neonatal mortality are urgently needed. 
 
Good micronutrient status is important to pregnancy and birth outcomes. In developing 
countries where low birth weight is prevalent, multiple micronutrient deficiencies co-exist and 
are likely to be of great public health concern. There are few studies that have examined the 
benefits of micronutrient supplements on pregnant women and newborn weight. Although 
there is evidence of interactions among several micronutrients (e.g. Fe, Zn and Cu) at the 
metabolic level, very little is known about the significance of these interactions for pregnancy 
outcomes.  
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Although it is understandable that positive outcomes are expected following good nutritional 
interventions, many questions remain unanswered about IUGR, such as: 
 
• Appropriate timing and characteristics of energy rich foods and micronutrient 

supplements for improving intrauterine growth and birth weight  
• Validated practices to monitor maternal weight and weight gain during pregnancy 
• Evaluation of the efficacy of nutritional interventions under field conditions aimed at 

reducing IUGR and LB prevalences. 
 

2. IAEA’S INVOLVEMENT WITH NUCLEAR AND ISOTOPIC TECHNIQUES IN 
NUTRITION 
 
IAEA has been supporting several nutritional topics since the 1970’s. In 1987, a sub-
programme on nutrition related research has been established. This programme focuses on 
application of isotopic and nuclear techniques for measuring nutrients in foods and in human 
body.  
 
The global nutrition community recognizes the significance of nuclear and isotopic 
(especially stable isotopic) techniques for accurate and, in some cases, non-invasive 
measurement of nutrient utilization, body composition, and energy metabolism. The 
application of isotopic technique is well suited for determining the success of food 
supplementation programs and other intervention aimed at combating many form of 
malnutrition. In particular, the labelled water method has been proven to be accurate tool to 
study human body composition and energy metabolism. 
 
The IAEA through NAHRES has been the leading body in funding and implementing most of 
the major efforts in linking nutrition and nuclear and isotopic techniques. 
 
The IAEA’s involvement at the 17th congress of nutrition in 2001 has generated an important 
contribution to the scientific community on the subject nuclear and isotopic techniques in 
human nutrition research in a full supplement of food and nutrition bulletin on Use of Nuclear 
and Isotopic Techniques for Addressing Nutritional problems; volume 23, No.3, September 
2002. 
 

2.1. Stable isotope techniques for assessing pregnant women’ and infants’ body 
composition 
 
Stable isotopes are invaluable, since there is virtually no health risk involved in their use. 
There are therefore preferred for work in humans, especially for target population e.g. infants 
and pregnant women. The tracer dilution technique using 2H2O, is the only appropriate 
reference technique to evaluate nutritional status of target population (e.g. pregnant women 
and infants) in their own environment. 
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3. OBJECTIVES 
 
To examine the applicability of nuclear and isotope based techniques: 
 
• For assessing nutritional factors related to IUGR 
• To examine issues related to practical approaches for monitoring maternal weight and 

weight gain during pregnancy (e.g. body composition assessment) 
• To establish harmonised methods and criteria for appropriate weight gain charts for 

women in developing countries. 
• To assess the effectiveness of nutrition interventions aimed at reducing IUGR and its 

consequences 
 

4. EXPECTED OUTCOMES 
 
• Working material addressing the above-mentioned issues, describing on-going or recent 

work carried out by each participating scientist, to be presented during the meeting and 
made available to the IAEA. 

• Short report with recommendations, to be drafted and adopted by participants, during the 
meeting.  

• It is anticipated that the discussions during this consultant’s meeting will shed light on 
how using nuclear and isotopic techniques will help addressing IUGR issues and facilitate 
formulating future CRP and TC projects.  

• The topics are expected (but are not limited to) to include the application of isotopic 
techniques to assess the IUGR causes (e.g. maternal nutritional status) and to evaluate and 
monitor nutrition interventions aimed at combating IUGR and its consequences (e.g. Low 
birth weight) and finally to set up a harmonised technique to establish appropriate weight 
gain charts for women in developing countries 
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APPENDIX 2: AGENDA 
CONSULTANTS’ MEETING 

on 

“Impact of ageing on human energy, macro- and micronutrient metabolism and 

requirements” 

and 

“Causes and consequences of intrauterine growth retardation (IUGR) in populations 

from developing countries” 

9-13 December 2002, IAEA Headquarters, Vienna, Austria 

Meeting Room C 07 IV 

 

MONDAY, 9 DECEMBER 2002: SESSION 1, PLENARY SESSION 

08:30-08:45  Registration at Gate 1 

08:45-09:00  Gathering in meeting room C0704 

09:00-09:05  Welcome (Dr. V. Iyengar, SH-NAHRES) 

09:05-09:15  Introduction of participants  

09:15-09:25  Opening Remarks (Dr. W. Burkart, DDG-NA) 

09:25-09:40  NAHU perspectives (Dr. S. Groth, DIR-NAHU) 

09:40-10:10  WHO activities in Nutrition (Dr. G. Clugston/WHO) 

10:10-10:25  FAO activities in Nutrition (Dr. P. Shetty/FAO) 

10:25-10:45  Coffee break 

10:45-11:00  Work towards WHO Global Strategy on Diet, physical activity and health (Dr. 

   P.Pietinen/WHO) 

11:00-11:30  The Nutrition Transition and the WHO/NIH Multi-country study on nutrition and 

   non-communicable diseases. (Dr. B. Popkin/University of North Carolina, USA) 

11:30-12:00  Experience with changes leading to epidemiological transition in a developing 

   country (Dr. B. Torun/INCAP, Guatemala) 

12:00-12:15  ILSI perspectives in Nutrition (Dr. E. Kennedy/ILSI) 

12:15-12:30  General discussion  
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12:30-14:00 LUNCH/ADMINISTRATIVE MATTERS 

14:00-17:30  SESSION 2, Topics for in depth discussions (JOINT SESSION) 

   Moderator: Dr. C. Carroli (Argentina) 

14:00-14:15  IUGR initiatives at the WHO and expectations from IAEA’s CRP (Dr. S. 

   Khanum/WHO) 

14:15-14:25  IUGR issues in developing countries (Dr. Labadarios/South Africa) 

14:25-14:35  IUGR and low birth weight assessment (Dr. Bakketeig/Denmark) 

14:35-14:45  Nutritional status and Enegy balance assessment during pregancy (Dr.   

   Caballero/USA) 

14:45-15:30  Discussion 

15:30-16:00  Coffee break 

   Moderator: Dr. K. Lambert (South Africa) 

16:00-16:10  Obesity initiatives at the WHO and expectations from IAEA’s CRP (Dr. P.  

   Pietinen/WHO) 

16:10-16:25  Total and visceral fat in diverse populations (Dr. June Stevens/USA) 

16:25-16:35  Body composition harmonization (Dr. A. Kurpad/ India) 

16:35:16:45  Latin American measurement network (Dr. M. Valencia/Mexico) 

16:45-17:30  Discussion 

17:30-18:00  Highlights of the day (Dr. P. Shetty and Dr. Nair) 

18:00  RECEPTION 

 

PLEASE NOTE THAT ON TUESDAY, EACH GROUP WILL MEET SEPARATELY 

• IUGR, Room: C0737 

• OBESITY, Room: C0704 

22 



 

AGENDA 

CONSULTANTS’ MEETING 

on 

“Causes and consequences of intrauterine growth retardation (IUGR) in populations 

from developing countries” 

Scientific Secretary: N. Mokhtar 

9-13 December 2002, IAEA Headquarters, Vienna, Austria 

 Meeting Room C0737”  

 

TUESDAY, 10 DECEMBER 2002 

09:00-12:30 SESSION 3, Presentations by the consultants and discussions 

   Moderator: Dr. C. Carroli (Argentina) 

09:00-09:45  Nutritional interventions during pregnancy for the prevention or treatment of 

   impaired foetal growth (Dr. C. Carroli/ Argentina) 

9:45-10:30  Impaired fetal growth: is it a question of nutrition (Dr. Labadarios, South Africa) 

10:30-11:00  Coffee break 

11:00-11:45  Estimation of body weight and weight gain during pregnancy. (Dr. Caballero/USA) 

11:45-12:30  General discussion 

12:30-14:00 Lunch 

14:00-17:00 SESSION 4, Presentations by the consultants and discussions 

   Moderator: Dr. B.Caballero (USA) 

14:00-14:45  Low birth weight: methodological assessment (Dr. Bakketeig, Denmark) 

14:45-15:30  Effect of maternal nutrition on health profile in developing countries (Dr. Nair) 

15:30-16:00  Coffee break 

16:00-17:00  General discussion 
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WEDNESDAY, 11 DECEMBER 2002 

09:00-12:00 SESSION 5, Presentations by the consultants and discussions 

   Moderator: Dr. Bakketeig (Denmark) 

09:00-09:45  Comparison between conventional methods and isotopic and nuclear related  

   techniques to estimate body composition (Dr. Caballero/USA) 

9:45-10:30  Methods for measurement of nutritional impact on pregnancy otcomes (Dr.  

   Carroli/Argentina) 

10:30-11:00  Coffee break 

11:00-12:30  Summary of the main issues related to IUGR that have been discussed in the  

   meeting and identify some future actions suggested for the Agency (All  

   participants and N. Mokhtar) 

12:30-14:00 Lunch 

14:00-17:30: SESSION 6, PLENARY SESSION, JOINT SESSION (Cross fertilisation)  

   Meeting Room C0704 

   Moderator: Dr. B. Torun/Guatemala 

14:00-15:30  Early life influences on later adult diseases (Dr. V. Lambert) 

   Issues related to infant growth monitoring (Dr. Clugtston/WHO) 

   Energy metabolism in infants and children (Dr. Shetty/FAO) 

   Discussion 

15:30-16:00  Coffee break 

16:00-17:30  Nutrition metrology linked to IAEA field project (Dr. V. Iyengar/IAEA) 

   Highlights from previous IAEA CRP on ageing (Drs. Kurpad and Valencia) 

   Discussion  
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THURSDAY, 12 DECEMBER 2002 

09:00-12:00 SESSION 7: Preparation of draft report 

• Proposed actions and identifying authors for writing specific part of the final report and 

identification of the coordinator of the full report. 

• Input from all participants 

• Discussion of general interest 

Coffee break as desired 

12:00-14:00  Lunch 

14:00-17:30 SESSION 8: Finalising the report 

• Completion of individual contributions as assigned 

• Timetable for further actions needed 

• Expectation from the new CRP 

 

FRIDAY, 13 DECEMBER 2002 

09:00-11:00 SESSION 9: JOINT SESSION, CLOSING OF THE MEETINGS 

   Meeting Room C0704 

   Moderator: Dr. V. Iyengar (IAEA) 

09:00-10:00  Final touch in the report by each CS meting 

10:00-10:30  Conclusion remarks of each CS meeting  
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International Atomic Energy Agency 
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on 
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     Tel:  +54-341-448-2625 
     Fax:   +54-341-448-3887 
     E-mail: crep@satlink.com
 
 
DENMARK   Prof. Leiv S. Bakketeig  
     Senior Advisor 
     Danish Centre of Evaluation & Health Technology Assessment  
     Institue of Public Health, Epidemiology 
     Syddansk Universitet / University of Southern Denmark 
     Sdr. Boulevard 23 A 
     5000 Odense C 
     Denmark 
     Tel:   +45-6550-3069 or 7222-7726 
     Fax:  +45-6590-6938 
     Email: lbakketeig@health.sdu.dk
 
 

INDIA    Dr. P.T.V. Nair 
     Head, Medical Division 
     Bhabha Atomic Research Center 
     Anusakti Nagar 
     Bombay - 400094 
     India 
     Tel:  +91-22-555-0846 
     Fax:  +91-22-558-2098 
     Email: ptvnair@yahoo.com
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