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SUMMARY: 
 
The International Atomic Energy Agency (IAEA) in Vienna convened a Consultants’ Meeting 
from 9-13 December, 2002, to provide the Agency with current insights into the application 
of nuclear and isotopic techniques as a means to support research on the impact of ageing on 
human energy and macro-nutrient metabolism and requirements. The Consultants were: Dr. 
Anura Kurpad, Dr. Victoria Lambert, Dr. June Stevens, Dr. Benjamin Torun and Dr. Mauro 
Valencia-Juillerat. Dr. Pirjo Pietinen, from the World Health Organization, and Dr. Barry 
Popkin, from the University of North Carolina at Chapel Hill, 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 as “The Application of 
Nuclear and Isotopic Techniques to improve Research on Body Composition, Energy 
Expenditure, Non-communicable Chronic Diseases, and the Ageing Process, with 
particular emphasis on 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) Suggest approaches to improve the use of nuclear and isotopic techniques for the 
evaluation of energy and macro-nutrient requirements of older adults in diverse populations of 
the developing world; iii) Discuss and make recommendations for the use of these techniques 
in the measurement of energy expenditure, physical activity, total body fat and body fat 
distribution; and, iv) Propose a harmonization of methods for direct use or for validation of 
field measurements aimed at obtaining a better understanding of the ageing process and its 
relation to the incidence of obesity and non-communicable chronic diseases in communities in 
transition.  
 
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, energy metabolism, physical activity, body 
composition, non-communicable chronic diseases, and obesity provided the basis for 
advocacy and approaches to follow in the application of nuclear and isotopic techniques as 
part of community-based studies. In addition, representatives of the World Health 
Organization’s Noncommunicable Disease Prevention and Health Promotion Department 
supported these concepts within their global strategy for disease prevention.  
 
The importance and need for improved assessments of energy expenditure and obesity, 
particularly for large-scale, community-based studies in transitional communities, was 
recognized. Specifically, much can be gained by the application of nuclear and isotopic 
techniques to improve current methodology for anthropometric evaluation of total fat and its 
distribution in the body, and for estimations of physical activity and energy expenditure. A 
recommendation was also made for harmonization of measures of body composition that may 
be used in future research and protocol development.  
 
The Consultation also recognized the importance of, and scarcity of information on, energy 
requirements of older adults. There was general agreement that the use of doubly-labelled 
water should be encouraged as a means of acquiring high quality data, particularly in 
transitional settings where older adults may have a lower plane of nutrition, and may remain 

 



more physically active throughout their lifespan. It was suggested that another area for 
important further study was the use of stable isotopes for the measurement of macronutrient 
metabolism in these older adults. 
It was agreed that the use of stable isotopic techniques would greatly improve the 
measurement of physical activity and energy expenditure, either by applying them directly, or 
to validate the use of simpler and more affordable methods, such as heart rate monitoring and 
motion recording. This will increase the feasibility to perform more studies in the developing 
world, which will increase present understanding of the impact that urbanization or changes in 
lifestyle have on the disease burden of communities undergoing nutritional, demographic and 
epidemiological transitions.  
 
As a result of their deliberations, participants in the Consultants’ Meeting suggested the 
following four general areas where the International Atomic Energy Agency can develop and 
support Co-ordinated Research Projects: 
 
• Assessment of body composition and total energy expenditure of older adults in a variety 

of societies with different lifestyles. 
• Validation with doubly labeled water of methods such as heart rate monitoring and 

motion-recording, to assess energy expenditure and intensity of physical activity in 
developing countries. These methods, in turn, will allow large-scale assessment of 
physical activity and energy expenditure through questionnaires and non-calorimetric 
methods. 

• Development of body composition and fat distribution equations for field methods across 
different ethnic and national groups, validated by nuclear techniques. 

• Evaluation of substrate oxidation patterns in fat metabolism by 13C methodology, among 
malnourished, normal and obese individuals of developing regions. 
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1. INTRODUCTION 
 

1.1. Background 
 
The International Atomic Energy Agency (IAEA) in Vienna convened a Consultants’ Meeting 
from 9-13 December 2002, to provide the Agency with current insights into the application of 
nuclear and isotopic techniques as a means to support research in the “Impact of ageing on 
human energy and macro-nutrient metabolism and requirements”. This consultation followed 
from a previous CRP entitled: “Application of nuclear techniques in prevention of 
degenerative diseases (obesity, non-insulin-dependent diabetes and coronary heart diseases)” 
and a TC project entitled: “Regional Latin America- Isotopic evaluation of nutrition 
intervention programmes”. 
 
The objectives of the Meeting were to: i) Evaluate the overall scope of the new CRP and 
suggest options for specific areas of research within that scope; ii) Suggest approaches to 
improve the use of nuclear and isotopic techniques for the evaluation of energy and macro-
nutrient requirements of older adults in diverse populations of the developing world; iii) 
Discuss and make recommendations for the use of these techniques in the measurement of 
energy expenditure, physical activity, total body fat and body fat distribution; and, iv) Propose 
a harmonization of methods for direct use or for validation of field measurements aimed at 
obtaining a better understanding of the ageing process and its relation to the incidence of 
obesity and non-communicable chronic diseases in communities in transition. 
 

1.2. Rationale 
 
Most developing countries are undergoing epidemiological and demographic transitions, 
whereby a decrease in infant mortality and an extended life expectancy have resulted –or will 
soon result– in an increase in the number of older adults and the elderly. Countries must then 
include this important segment of the population in their estimates of food needs, and they 
must face the consequences of diseases and impairment associated with ageing. Management 
of chronic diseases related to diet, lifestyle and ageing will impose a burden on health services 
and the overall economy, that developing countries won’t be able to handle. Therefore, 
planning and prevention are of utmost importance. 
 
Assessment of food needs is closely linked to energy requirements. The recent joint 
FAO/WHO/UNU Expert Consultation on Energy in Human Nutrition pointed out a series of 
gaps in current knowledge that do not permit a precise estimate of the energy requirements of 
older adults. Filling these gaps requires obtaining more information on total energy 
expenditure (TEE) and physical activity levels (PAL) of older adults in different societies of 
developing and developed countries. Nuclear and isotopic techniques must be applied to 
obtain such information. This includes the use of doubly-labeled water (DLW) to assess TEE, 
and the characterization of body composition with D2O (or with DLW when it is used to 
measure TEE) of ageing adults in societies with a diversity of lifestyles and physical activity 
patterns. Complementing this information with measurements of basal metabolic rate (BMR) 
will allow making proper estimates of energy requirements and food needs. 
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As people become older, non-communicable chronic diseases (NCCD) related to diet and 
physical activity become more prominent. The underlying and predisposing factors of such 
diseases must be identified as early as possible, to intervene and reduce the risk of their 
occurrence. Once again, nuclear and isotopic techniques play an important role to explore 
these issues. Amongst them, physical activity and TEE of ageing adults must be assessed in 
developing countries. Given the wide variety of lifestyles in societies around the world, the 
generalized use of techniques such as the DLW method are prohibitive due to cost and 
technical constraints. An option is the use of DLW in selected population groups 
representative of different lifestyles to validate more practical and less expensive techniques, 
such as the measurement of TEE through minute-by-minute heart-rate monitoring, and the 
assessment of physical activity through questionnaires and/or activity meters. 
 
Body composition and particularly the proportion and distribution of body fat, is associated to 
the risk of developing NCCD. This is aggravated by the tendency observed in many societies 
for gains in weight and body fat leading to obesity as age progresses. Nuclear isotopic 
techniques such as the use of D2O and DEXA, preferably combined with measurements of 
body density, will permit the evaluation of change in body composition among ageing adults. 
This, in conjunction with assessment of physical activity and TEE, will be extremely useful to 
guide public health policies for the prevention of NCCD. The association of an increment in 
central body fat with many such diseases makes the assessment of body fat distribution and 
important health issue. Once again, nuclear techniques such as DEXA and computerized 
tomography are needed for this purpose. 
 
Many processes that may lead to NCCD in advanced adulthood have an early start, such as 
obesity, sedentarism and suboptimal bone mineralization in childhood and adolescence. 
Undernutrition at an early age, beginning with intrauterine growth retardation and/or 
undernutrition in infancy and preschool age, have been associated epidemiologically with the 
risk of obesity and NCCD in adult life. Consequently, characterization of body composition 
and physical activity in childhood is important to promote healthy diets and adequate activity 
through the life cycle. 
 
All these issues were presented and discussed in this Consultants’ Meeting. The consultants 
believe that the work of the IAEA can make an important contribution to a better 
understanding of the burden of non-communicable, chronic disease, by providing financial 
and technical assistance to one or more of the Co-ordinated Research Projects recommended 
under section 5 of the report. 
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2. RELEVANT NUCLEAR AND ISOTOPIC METHODOLOGIES 

2.1. Isotopic and Nuclear Related techniques in the Evaluation of the Ageing Process 
and Chronic disease: body composition 

2.1.1. Total body composition: 
 
Characterization of body size from its anthropometric characteristics is not sufficient to 
explore metabolic changes and alterations in human health. Health risks in ageing population 
cannot be evaluated simply in conventional terms of body fatness or fat distribution. For 
instance elderly persons have less muscle and bone mass, expanded extra cellular fluid 
volumes and reduced body cell mass, than their younger counterparts. Health must be defined 
broadly in older persons, in terms of inter-related dimensions of cognitive and physical 
functional status, nutritional and endocrine status, quality of life and co-morbidity 
(Baumgartner 2000). Changes in dietary patterns, dehydration and changes in physical 
activity are important aspects to consider.  
 
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 inter-individual variability in body water and bone mineral 
mass. This may be of crucial importance considering an ageing population, and in particular, 
populations from differing ethnic and environmental origins. 
 

First Stage Level Second Stage Level Third stage Level 

2 Compartment Model 3 Compartment Model 4 Compartment Model 

1. Body Density (Db) by 
hydrodensitometry or by air 
displacement plethysmography 
(BOD POD). 

2. Total Body Water (TBW) by 
deuterium oxide dilution. 
Methods: IRMS, FTIR or IRS 

3. Bone mineral mass by Dual X-ray 
energy absorptiometry (DEXA) 

4. Bioelectrical Impedance 
5. Total Body Potassium (40K)  
 
 
Note: some of these methods are not 
readily available 

1. (Body Density) 
+ 
2. Total Body Water 
 
 
 
 
 
 
 
 
 
 
Note: This model controls for 
inter-individual variability in 
body water. 

1. (Body Density) 
+ 
2. Total Body Water  
+ 
3. Bone Mineral Mass 
 
 
 
 
 
 
 
 
Note: This model controls for 
inter-individual variability in 
body water and bone mineral 
mass. 
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2.1.2. Regional body composition and body fat distribution 
 
It has been recognized that body fat distribution is an important independent risk factor for a 
variety of serious diseases. Those individuals with increased upper body or abdominal fat are 
thought to be at greatest risk. Ageing is associated with a redistribution of fat stores, with 
abdominal fat increasing at a faster rate than total fat. Individuals who accumulate excess fat 
in the central or abdominal region, particularly visceral fat, have markedly higher incidence of 
the insulin resistance syndrome, a major risk factor for type 2 diabetes and cardiovascular 
disease (Kamel et al, 1999; Paradisi et al, 1999). 
 
DEXA can be used to monitor abdominal fat. Working in specific sites, such as the L2 to L4 
section of the abdominal region that excludes 30 % of the subcutaneous adipose tissue, has 
been shown to be a reasonable surrogate measurement of the intra-abdominal fat. Magnetic 
resonance imaging has shown this region to contain a high proportion of intra-abdominal fat. 
Further and perhaps more importantly, measurement of visceral adipose tissue has been 
shown to be possible by combining DEXA and anthropometry in obese humans, as validated 
by computerised tomography (CT) (Bertin et al, 2000). 
 
In addition, regional body composition DEXA provides a comprehensive assessment of the 
age related functional decline that is reflected in the loss of muscle mass, the main component 
of body composition change in older adults (Beaufrere and Morio 2000). A deficiency in 
muscle mass relative to skeletal size is referred to as sarcopenia, a condition associated with 
balance problems and muscle weakness. 
 
Bioelectrical impedance (BIA) is a field method to measure body composition that 
theoretically estimates body water. This can be achieved by measuring water in the total, 
extra-cellular and intracellular compartments, depending on specific commercial analysers 
that have single or multi-frequency systems. BIA has a good potential when used in 
combination with other body composition methods, such as anthropometry, as well as socio-
demographic data to derive population-specific equations. Recently attempts have been made 
to apply it to regional body composition as well. 
 

2.2. Total Daily Energy Expenditure and activity by the Doubly Labeled Water Method 
(DLW) 
 
This dual isotope technique allows for the calculation of CO2 production under free-living 
conditions. Combining CO2 production with the dietary quotient derived from information on 
habitual diet composition, oxygen consumption can be estimated to calculate the average total 
daily energy expenditure over a period of several days (usually 10-14). This method may be 
combined with values for basal or resting metabolic rate -obtained through indirect 
calorimetry- to derive a physiological measure of physical activity level (PAL), which is the 
ratio between total daily energy expenditure and basal or resting metabolic rate. Aside from 
its intrinsic value as a “gold standard” procedure to measure energy expenditure, DLW can be 
used to validate other indirect field techniques, such as heart rate monitoring, body motion 
and displacement recording, and calculations from questionnaires or activity diaries used in 
population surveys and epidemiological studies. 
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2.3. Substrate oxidation using 13C: -techniques  
 
There is a growing body of evidence that adaptations in substrate oxidation may be associated 
with increased risk of obesity and associated, non-communicable, chronic diseases. The use of 
infused or orally ingested 13C-labeled macronutrients or specific amino acids may assist with 
characterizing substrate oxidation or turnover, in vivo. These techniques will provide insights 
into nutrient partitioning in diverse populations, at increasing risk for non-communicable 
diseases, and with a sub-optimal plane of nutrition. 
 
3. BACKGROUND AND ADVOCACY: FOR USE OF NUCLEAR AND 
ISOTOPIC TECHNIQUES TO IMPROVE STUDIES OF BODY 
COMPOSITION, ENERGY EXPENDITURE, NON-COMMUNICABLE, 
CHRONIC DISEASES AND THE AGEING PROCESS: 
 
3.1.1. Inter-UN-Agency linkages: work towards a Global Strategy on diet, physical activity 
and health 
 
The Fifty-third World Health Assembly, May 2000, adopted a resolution endorsing the World 
Health Organization (WHO) Director-General’s global strategy for prevention and control of 
non-communicable diseases (WHA 53.17). The strategy emphasized integrated prevention by 
targeting three main risk factors: tobacco, unhealthy diet and physical activity.  
 
The Fifty-fifth World health Assembly discussed a report by the secretariat and recognized 
the importance of the framework for action on diet and physical activity within the integrated 
approach to prevention and control of noncommunicable diseases. The resolution approved by 
the Assembly requested the Director-General to develop a global strategy on diet, physical 
activity and health (WHA 55.17). 
 
In response to these resolutions and in keeping with the seriousness of the public health 
problem, WHO is currently in a process that will involve a broad and inclusive consultation, 
which will lead to a global strategy on diet, physical activity and health. The overall goal of 
the strategy is to improve public health through healthy eating and physical activity. 
 
The guiding principles of this process are: 

 
1. Stronger evidence for policy: synthesize existing knowledge, science and interventions on 
the relationship between diet, physical activity and chronic diseases. 
 
A joint WHO/FAO Expert Consultation on Diet, Nutrition and the Prevention of Chronic 
Diseases was held in Geneva on 28 January – 1 February 2002. Sixty experts were involved 
in assembling and reviewing the latest scientific evidence on diet, nutrition and prevention of 
chronic diseases. The draft report specifically discusses obesity, cardiovascular diseases, 
cancer, diabetes, dental diseases and osteoporosis, and provides recommendations on 
population nutrient goals. This report represents the current scientific evidence and updates 
work carried out by a similar group in 1989. The recommendations in the report will be 
considered by WHO as it develops its strategy on diet, physical activity and health. The report 
will be published in March 2003. 
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2. Advocacy for policy change: inform decision-makers and stakeholders of the problem, 
determinants, interventions, and policy needs. 
 
Countries and their peoples must be alerted to the health problems caused by unhealthy diets 
and physical inactivity, of the devastating social and economic outcomes of chronic 
conditions resulting from these risk factors and to the proved prevention interventions. 
Communication of this information will be an essential facet in this process. 
 

3. Stakeholder involvement: agree on the roles of stakeholders in implementing the global 
strategy. 
 
WHO Noncommunicable Diseases and Mental Health Cluster (NMH) has embarked a 18-
month consultation process with different stakeholders. The process is managed by the 
Director NMH/Noncommunicable Disease Prevention and Health Promotion Department 
(NPH), under the leadership of a cross-cluster steering committee. The consultation process 
will provide the content basis for the strategy. A high level, internationally recognized group 
of experts (called a reference group) with diverse and multi-sectoral backgrounds will assist 
WHO in devising the strategy. A draft outline of the strategy is being prepared by WHO 
secretariat with the advice of the reference group. This draft will serve as the first discussion 
paper for the consultation meetings. UN agency consultations will involve FAO, UNICEF, 
World Bank, UNESCO, World Food Programme, UNEP, IAEA and regional development 
banks. 
 
Regional consultations with member states will focus on the discussion of national, regional 
and global interventions that will be effective within individual countries and that will take 
into account of national, social, cultural and economic realities. This consultation process will 
build on the past and current activities and programmes carried out by WHO regional offices 
and Member States. 
 
Non-profit consumer organizations and professional and lay health organizations with special 
interest in the areas of health, nutrition and physical activity will also be closely involved in 
this process. Consultations with the private sector will primarily involve the food, sport and 
advertising industries. The Director-General will have a private sector roundtable in June 
2003.  
 

4. A strategic framework for action: propose appropriately tailored policies and 
interventions for countries. 
 
The expert reference group will advise WHO on the development of the strategy document, 
which will complete by November 2003. It will first be discussed at the 113th Executive 
Board meeting in January 2003 and then at the 57th World Health Assembly in May 2004. 
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3.1.2. Overview of obesity and non-communicable, chronic diseases in communities in 
transition 
 
Changes in food systems, as well as patterns of work, travel, and leisure, and therefore, 
changes in dietary intake and physical activity, are taking place in large areas of the world. 
There are indications that these changes are occurring in less developed countries, especially 
in cities, at a rate that greatly exceeds the predictions based on the historical experience of 
economically developed regions. Of particular concern, these changes are putatively linked to 
increasing incidence of non-communicable diseases in developing countries. Evidence from 
many developing countries demonstrates an increasing prevalence of nutrition-related, non-
communicable, chronic diseases (NR-NCCD), including obesity, diabetes, high blood 
pressure, stroke, cardiovascular diseases, and certain types of cancer. These conditions lead to 
premature disability and death in a large proportion of economically productive people, a 
preventable loss of precious human capital. This includes countries where HIV/AIDS is a 
dominant problem. 
 
Current high prevalences of overweight and obesity, most of all in children, young adults and 
women, predict a rapidly increasing burden of disability from NR-NCCD for most developing 
countries. Projections of the global burden of disease suggest that ischemic heart disease and 
cerebrovascular disease will constitute the two most common causes of pre-mature mortality 
in the world by the year 2020, as well as the first-ranked cause of disability-adjusted life years 
(Murray and Lopez, 1996). These projections incorporate an assessment of the dynamic 
burden of tobacco smoking, but have only partially addressed the rapidly increasing 
prevalences of obesity and its metabolic impact and morbid sequelae that have been observed 
in many areas of the world. These social and economic changes, which have occurred on a 
scale and at a rate unprecedented in history, have resulted in an epidemic of NR-NCCD that 
must be contained. Prevention is the only feasible approach to nutrition-related chronic 
diseases. The cost of their treatment and management imposes an intolerable economic 
burden on developing countries. 
 
3.1.3. Guatemalan example of the Epidemiological Transition in Developing Communities 
 
A recent study in young adults, 20 – 29 years old, from four villages in rural Guatemala 
(Torun et al, 2002), illustrates the changes that are taking place in many developing societies. 
The study showed that sedentarism, weight gain and an increment in body fat are on the rise, 
especially among women: 82% had a sedentary or light activity lifestyle, with a mean 
estimated physical activity level (PAL) of 1.53; 30% had a BMI >25, and 36% had more than 
32% body fat. In addition, total cholesterol and LDL-cholesterol concentrations in serum 
among women (mean: 172 and 106 mg/dL, respectively) were higher than among men (mean: 
151 and 89 mg/dL, respectively). 
 
Migration to an urban environment resulted in an increased level of sedentarism among men 
(79%, compared with 27% in their rural counterparts), and a small but consistent increase in 
weight, body fat and cholesterolemia. Women who migrated to a city had similar values for 
weight, body fat, sedentarism and cholesterolemia as those previously described for their rural 
counterparts. Migration was also associated with dietary changes, characterized by a higher 
intake of total and saturated fats, a more frequent intake of red meat and sweetened soft 
drinks, and a lower intake of legumes. 
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A random sample (102 men and 111 women) of the parents of the young rural adults were 
also studied. Their age ranged from 39 to 74 years (mean ± s.d. = 56 ± 9). The problems of 
overweight, obesity and hypercholesterolemia were more serious in the older group, with 
prevalences of public health importance, as summarized in the Table below. 
 
In conclusion, rural populations in developing countries are undergoing a demographic 
transition, characterized by a decrease in infant mortality, an increase in life expectancy and a 
growing number of older adults, as well as by rural-to-urban migration. This is accompanied 
by a cultural and economic transition, characterized by a switch from traditional to “modern” 
or urban lifestyle, sedentary occupations and lifestyles, and dietary modifications. As a 
consequence, an epidemiological transition is taking place, associated with an increase in the 
incidence and prevalence of overweight, obesity and other risks for non-communicable 
chronic diseases. Although indications for this can be seen among young adults in some 
societies, the problem has already acquired a significant importance among older adults. 
 
BODY MASS INDEX AND SERUM CHOLESTEROL LEVELS OF ADULTS, 56 ± 9 
YEARS OLD, FROM FOUR GUATEMALAN VILLAGES. (SOURCE: TORUN ET AL, 
UNPUBLISHED) 
 

 Men Women 

BMI (kg/m2), mean ± SD 23.6 ± 3.8 26.5 ± 4.5 

    25.0 – 29.9 23% 40% 

    ≥ 30.0 8% 22% 

Total Cholesterol, mean ± SD 197 ± 42 223 ± 42 

    200-239 mg/dL 21% 37% 

    ≥240 mg/dL 16% 31% 

LDL-cholesterol, mean ± SD 110 ± 33 124 ± 35 

    130-149 mg/dL 15% 19% 

    ≥150 mg/dL 13% 23% 

 
3.2. Harmonization of total and regional body fat measures in diverse populations: 
 
3.2.1. Rationale for harmonization of measurement 
 
Changes in dietary and physical activity behaviors, on a scale and at a speed unprecedented in 
history, have resulted in a global epidemic of obesity. Evidence is accumulating that increased 
rates of diabetes, heart disease and other obesity-associated morbidities are following rapidly 
on the heels of the increases in body weight. Few countries appear immune to this sweeping 
trend, and the obesity epidemic is striking the least developed as well as the most developed 
nations. Thus, obesity is at the forefront of an international health crisis, and global studies of 
the causes, consequences and nature of the disease are needed. 
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In order to study obesity in diverse populations, practical field measures are required that 
reflect total body fatness in an unbiased manner. In addition, it is highly desirable to be able to 
estimate the amount of visceral abdominal fat. Over a decade of evidence now indicates that a 
preponderance of fat in the abdominal area, as opposed to the hips or buttocks, is associated 
with increased risk for diabetes and coronary heart disease (CHD). Differences in total body 
fatness and abdominal fatness among individuals of the same weight and height may help to 
explain differences in the prevalence of disease among different ethnic groups.  Numerous 
studies have shown that, at the same height and weight, Asians tend to have a higher percent 
body fat than Caucasians, and Caucasians have a higher percent body fat than Africans and 
Polynesians. These differences are not trivial. For instance in Singapore, at the same percent 
body fat as Caucasians, Chinese had an average BMI approximately 3 kg/m2 lower 
(Deurenberg-Yap et al, 2000). A difference of this magnitude in the cut-off point used for 
overweight, e.g. 27 as opposed to 30, more than doubled the percentage of individuals 
classified as overweight in Singapore. 
 
There is ample evidence to indicate that at the same weight and height (or BMI), mean 
percent body fat will differ among ethnic groups and that at the same BMI (and perhaps even 
at the same waist-to-hip ratio) mean visceral fat levels will also be different. The reasons for 
these differences among different ethnic groups are not known with certainty. It is likely that 
differences in physical activity, diet and genetic propensities all play a role. These factors lead 
to differences in adiposity, and also to differences in muscle mass, skeletal proportions, 
density of tissues, body shape and other body characteristics. It is undoubtedly these 
differences that drive the divergence observed in the associations between simple 
anthropometrics and more precise measures of fatness among different ethnic and national 
groups. Indeed Deurenberg et al. (Deurenberg et al, 1998) have shown that bias in percent 
body fat calculated using an equation that included BMI, age and gender in Chinese from 
Beijing versus Dutch Caucasians could be explained by differences in frame size and relative 
sitting height. 
 
Over the past 50 years several equations have been produced that use anthropometric 
measures to predict total body fatness, and more recently equations to predict visceral fat have 
also been published. This work is usually done in a single ethnic group, although a very 
limited number of studies have examined more than one group. What is lacking is a 
comprehensive study that uses similar methodology in subjects from a wide range of ethnic 
and national groups. It seems reasonable to hypothesize that an unbiased equation that uses 
measurements feasible in field settings could be developed to predict percent body fat and 
abdominal visceral fat across a wide variety of populations. As the epidemic of obesity circles 
the globe it is critical to have methods that employ a practical set of field measures to define 
total and visceral adiposity in all the people of the world. Such methods would have broad 
applicability for policy, treatment and research. 
 
3.2.2. Methodological Issues in harmonization of body composition measurement: 
 
Physiological approaches to body composition introduced the possibility of in vivo 
measurements of different compartments of the body, with the additional possibility of 
assigning functional significance to these measurements. With the interest in body 
composition as a proximate risk factor in determining diseases associated with ageing and 
other chronic diseases, and with the need for cheap and large scale surrogate measurements of 
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body composition, the need for harmonizing these body composition surrogate measurements 
is imperative if meaningful data analysis is to be done across different studies and countries. 
Every body composition method is associated with errors due to the measurement, or due to 
intrinsic biological variability in the population or individual. 
 
The appropriateness of a surrogate measurement of body composition needs to be assessed 
against a criterion method, or ‘gold’ standard. The first step in a harmonization process is to 
collect and group terminologies that are used for determining the validity of measurements. 
The Table shows these terms, which are often used interchangeably. 
 

Term Synonyms, meaning 
Validity Accuracy: how close is the measure to the true value? 
Precision Exactness, Quality of measure 
Reliability Reproducibility, variability 

 
It is important in any harmonization exercise that not only the accuracy of the measurement, 
but also the precision, repeatability and biologic variation are taken into account and 
described appropriately. The accuracy of the measurement (particularly for body fat, which is 
a body component that shows little variance over short periods of time) will depend on the 
measurement precision. Therefore, in methods that require the measurement of several 
primary variables, the documentation of the precision of each measurement as well as the 
calculation of the propagated error is required. The biological variability of the criterion 
measure also introduces an element of uncertainty in the comparison, and this should be 
documented as an intra- and inter-individual variability. 
 
The harmonization process requires the deployment of a criterion method that is as precise as 
possible, at all sites where the community measurements are to be made. Most accurate 
measurements of body composition require expensive equipment, and it is rarely feasible to 
locate or access this equipment in resource-poor areas. In addition, the costs of using this 
equipment may be prohibitive. In this case, total body fat, and the location of this fat in the 
body are the proximate risk factors for the purpose of evaluating the association of ageing and 
chronic diseases. Thus, the use of isotopic dilution techniques to measure Total Body Water 
(TBW) and body fat, or the use of nuclear techniques such as CT scan or DEXA to measure 
the amount of visceral or centrally located fat, becomes relevant as a criterion estimate to 
validate field or community-based measurements. 
 
In terms of total body fat, harmonizing body fat measurements through the use of deuterium 
dilution measurements is a viable and relatively low cost option. This is because a stringent 
quality control mechanism can be imposed on the measurement procedure. The precision of 
the measurement can be defined through the dilution of a phantom, and instrument quality 
control can be assured through the use of reference materials. However, several physiological 
uncertainties in the direct translation of TBW measurements into body fat need to be 
considered.  Intrinsic among these are the various errors that decrease the level of confidence 
in the measurement of body fat by this method, which divides the body into 2 (fat, and fat 
free) compartments. Since this method converts TBW measurements into body fat free mass 
estimates through the use of a hydration factor of the FFM, considerable error can result from 
the use of an inappropriate hydration factor. 
 
The hydration factor of the FFM is usually stable within a small range (Wang et al, 1999); 
however, using even the extremes of values from this small range can result in significant 
errors in body fat determinations. The hydration factor of the FFM can vary with age and 
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possibly nutritional status. Other errors relate to the proton exchange between water and fat, 
resulting in a larger estimate of the TBW. While this can be corrected through the use of a 
correction factor, the choice of this factor can also result in small errors. The propagation of 
error can also be significant: in good laboratories, the propagated error can amount to about 
1.5 kg fat for a 70 kg man with 20% fat mass (Murgatroyd and Coward 1989). However, 
despite these potential errors in the TBW method of measuring body fat, it still is the most 
widely used method for validating field methods of body composition, because of its ease of 
use in a resource-poor environment.  
 
Another option for the direct measurement of fat, as a criterion estimate, that is becoming 
more readily available, is the DEXA. Primarily designed for body mineral mass measurement, 
DEXA estimates of body fat vary from instrument to instrument even when made by the same 
manufacturer, and the range of difference in fat mass measurements range from about 3 to 
13% for similar phantoms (Economos et al, 1997). The coefficient of variation of the 
measurement of fat mass is about 3%.  However, this is not a field method, and subjects need 
to be brought into a central facility for the measurement. Harmonizing body composition 
measurements using DEXA also requires a quality control to be imposed on the measurement, 
including detailed descriptions of validations and precision of measurement. The DEXA 
method is proprietary, and it is often not possible to assess all the reasons for the variability in 
fat mass estimates. It must be remembered that DEXA extrapolates measurements of fat mass 
in bone image containing pixels: this is a significant problem considering that some 40% of 
the body area may contain bone images. Until this method matures, it seems that deuterium 
dilution is the better method, for reasons of explicitness, as well as of easy deployment.  
 
The ideal way forward is the use of body composition measurements that use more primary 
measurements such as (in addition to TBW), the measurement of body density, to give a 3-
compartment model of the body, or the measurement of body density and body mineral mass, 
to give a 4 compartment model of the body. These multiple compartment models rely on 
fewer assumptions, but importantly, each variable measurement has its own precision or error, 
which will propagate into a final error of measurement of body fat. However, attention to 
these details can typically reduce the error from about 1.5 kg in the 2-compartment model to 
about 0.5 kg or less, in the 4-compartment model (Jebb and Elia, 1993). Even with the use of 
these methods, it is a firm recommendation that internal validity checks be used in evaluating 
the results. These checks could be, for instance, in the form of ensuring that the measurement 
of hydration of the FFM does not fall outside the normally accepted range. 
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Overall, a harmonizing plan for body composition measurement should have the following 
objectives: 
 
• To identify what needs to be measured 
• To list definitions, units and reference terms 
• To identify the criterion method: TBW alone, or more compartment models? 
• To identify and recommend the best, cheapest and sustainable methods for the criterion, 

and the surrogate measure 
• To define standard operating procedures 
• Establish baseline reliability 
• Establish inter- and intra-observer errors 
• Establish methods for periodic retesting of reliability 
• Use these estimates in sample size determination 
• To recommend methods of data presentation  
 

3.2.3. Evidence for visceral fat as a risk factor for non-communicable diseases 
 
Over two decades of evidence now indicates that a preponderance of fat in the abdominal 
area, as opposed to the hips or buttocks, is associated with diabetes, risk factors for coronary 
heart disease (CHD) and CHD (Boselloand Zamboni, 2000; Bjorntorp, 1992). Although still 
somewhat controversial (Seidell, 1997), it appears likely that visceral depot fat is the adipose 
tissue that leads to increased risk, whereas gluteofemoral adipose tissue appears to be benign.  
Functionally these depots are quite different. Visceral fat has a much more rapid turnover than 
gluteofemoral fat, and this has been hypothesized to drive pathways that result in an increased 
risk of disease.  The subcutaneous abdominal, mammary and retroperitoneal adipose tissues 
seem to have an intermediary position in this respect (Rebuffé-Scrive et al, 1985). 
 
Although the majority of studies linking fat distribution with disease were done in Caucasian 
participants in developed countries, there are several studies that indicate that a preponderance 
of fat in the abdominal area is also predictive of morbidity in individuals living in developing 
countries. In countries such as India and China, which had previously been almost immune to 
diabetes, the recent sharp increases in the incidence of this disease have been hypothesized to 
be related to a greater susceptibility to high levels of abdominal fat in those population 
compared to other groups (International Diabetes Institute, 2000). 
 
Differences in total body fatness and abdominal fatness among individuals of the same weight 
and height could help to explain differences in the prevalence of diabetes as well as other 
chronic diseases among different ethnic groups. Raji et al. (Raji et al, 2001) showed that at 
similar BMI’s and wait-to-hip ratios, Asian Indians had greater amounts of visceral fat. Others 
have shown that at the same BMI, African Americans on average had a smaller waist 
circumference (Stevens et al, 1994; Duncan et al, 1995; Thomas et al, 1997), and that obese 
African American women have less visceral fat than obese white women with the same waist-
to-hip ratio measurements (Conway et al, 1995). 
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In order to better understand the associations between visceral fat and disease in developing 
countries, simple and inexpensive methods to assess levels of visceral fat are needed to 
conduct population-based studies. Several equations have been produced that use 
anthropometric measures to predict visceral fat in a single ethnic groups in developed 
countries. What is lacking is a comprehensive study that uses similar methodology in subjects 
from a wide range of ethnic and national groups and focus on populations from developing 
countries. 
 

3.3. Physical activity, basal metabolism and body composition as determinants of energy 
needs for older adults 
 
3.3.1. Energy requirements for older adults: 
 
A recent joint FAO/WHO/UNU Expert Consultation on energy in human nutrition, whose 
report is due in early 2003, confirmed the definition of human energy requirements (ER) as 
“the amount of food energy needed to balance energy expenditure in order to maintain body 
size, body composition and a level of necessary and desirable physical activity, consistent 
with long-term good health”. Consequently, ER are determined by energy expenditure plus 
the needs for growth, pregnancy and lactation. Mean ER are applicable to healthy, well-
nourished population groups, and special adjustments may be needed for individuals and for 
populations with particular characteristics, such as under nutrition, overweight, high incidence 
of infections, etc. 
 
ER are influenced by body size, body composition and physical activity, which vary among 
populations with different geographic, cultural, social and economic backgrounds. To account 
for body size, ER are expressed by unit of body weight. To account for body composition, ER 
can be calculated as multiples of basal metabolic rate (x BMR). To account for physical 
activity, they are estimated in relation to physical activity level (PAL), where PAL is 
calculated as total energy expenditure in relation to BMR (i.e. PAL = TEE / BMR). 
 
There are several gaps in our knowledge that do not permit making precise calculations of ER 
of older adults. These include: 
 
• Insufficient information on BMR, which is known to decrease from 50 years onwards, 

among different ethnic and social groups. 
• Inadequate and insufficient information on weight gain and changes in body composition 

of older adults, although it is known that in some societies there is a tendency to gain 
weight and body fat with ageing, while in other societies the elderly tend to be 
undernourished. 

• Inadequate information on habitual physical activity and TEE of older adults in different 
societies. It is known that these decrease after a given age, but the age of decline varies 
according to individual, social and cultural characteristics. 
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Furthermore, lifestyle of younger adults has been classified as lightly, moderately and 
vigorously active, in order to apply PAL factors that will allow making estimates of 
population energy requirements and food needs, as well as to make recommendations for a 
healthy lifestyle. However, it is not known which levels of habitual physical activity should 
be considered “light”, “moderate” and “vigorous” among older adults. In addition to health 
and mobility, this is associated with the pattern and intensity of physical activity that is 
customary in different societies. 
 
Thus, research is needed to gain a better understanding of the energy needs of older adults, 
and to recommend dietary intakes that will have an impact on health and on food policy 
planning. The information that must be collected requires the use of isotopic techniques, such 
as doubly labeled water to assess TEE, and DLW or D2O to evaluate body composition of 
ageing adults in societies with a diversity of lifestyles and physical activity patterns. 
 

3.3.2. The role of physical activity for health in transitional communities 
 
It is now recognised that many developing countries face the challenge of a dual burden of 
communicable and non-communicable diseases. Furthermore, despite the high prevalence of 
HIV-AIDS and other infectious diseases, the projected increase in prevalence of various 
chronic diseases associated to lifestyle in developing countries is more than twice that 
expected in the developed world (King et al., 1998). Juxtaposed with this are enormous 
cultural and socio-economic diversity, widespread unemployment, and rapid urbanisation 
(Lambert et al., 2001; Popkin, 1994). 
 
This epidemiological transition may also be characterised in terms of energy balance. 
Typically, countries that rely on agriculture and subsistence farming have a high prevalence 
of energy deficit due to under-nutrition. In these environments physical activity is necessary 
for survival, and communities may undergo periodic energy ‘drain’ when food supply is low 
and physical demands are high (Alemu and Lindtjorn, 1995; Ferro-Luzzi, 1990). Conversely, 
in urbanised developing communities physical activity tends to decrease, and there may be an 
associated increase in food supply, or the diet may have a higher energy density (Popkin, 
1994; Torun et al, 2002). As a result, these communities are exposed to an increased risk of 
obesity and chronic diseases related to lifestyle. 
 
There is a paucity of data on the relationship between urbanization, physical activity and the 
prevalence of non-communicable diseases in communities undergoing epidemiological 
transition. Available data are mostly cross-sectional and regional. Studies in the South Pacific 
Islands, in transitional communities in Asia, Africa and South America, and in migrant 
Hispanic and indigenous North American communities of the southwestern United States, 
have shown that urbanization is inversely associated with physical activity levels and, where 
studied, physical activity level is inversely related to glucose tolerance and several 
cardiovascular disease risk factors (King et al., 1984, Kriska et al., 1993, Kruger et al., 2002, 
Levitt et al., 1999, Pereira et al., 1995, Popkin, 1994, Torun et al., 2002). Typically, at almost 
every age women are less likely to participate in vigorous, leisure-time physical activity than 
men; obese and older persons have lower levels of physical activity; and socio-economic and 
educational status are inversely related to leisure-time physical activity (King et al, 1992). 
 
For older adults, in particular, remaining physically active and able to perform everyday 
living activities contribute to the maintenance of well-being. However, malnutrition, religious 
and cultural constraints, socio-economic conditions, low educational level and poor self-
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esteem, constitute barriers for the performance of leisure time physical activity among large 
population segments in developing countries (Clark, 1996). Therefore, along with physical 
activity surveillance, research on environmental and cultural determinants of physical activity 
are necessary to underpin targeted intervention programmes at the public health level. 
 
Taken together, these data suggest that transitional communities are at risk of becoming less 
active, and that low levels of activity are associated with increased morbidity due to chronic 
non-communicable diseases. Factors such as age, gender, culture, education and 
socioeconomic status may further impede physical activity in developing communities. In 
addition, a “dose-response” of physical activity to current dietary intake, and the co-existence 
of other lifestyle risk factors need to be explored. Thus, research priorities on the role of 
physical activity (or inactivity) in the development and prevention of chronic non-
communicable diseases in developing communities must include physical activity 
surveillance, assessment of dietary/activity dose-response, identification of barriers and 
determinants of physical activity, and examination of interactions between physical 
activity/inactivity and other risk factors. 
 

3.4. Current methodological limitations and proposed strategies for measuring physical 
activity in population-based studies 
 
The health benefits of physical activity are well established, and there is an apparent dose-
response relationship between energy expenditure in physical activity (AEE) and reduced risk 
of chronic diseases. However, the optimal amount of physical activity required to achieve 
these benefits is not clear. Moreover, the dose-response relationship between AEE and health 
has not been adequately studied in transitional communities, where both physical activity and 
diet/nutritional status are shifting.  
 
The most accurate technique to measure energy expenditure under free-living conditions 
involves the use of stable isotopes (DLW). This technique provides precise information on 
total energy expenditure but does not permit the allocation of energy expenditure in specific 
activities, nor the partitioning of daily living into categories such as occupation, household 
work, transportation/displacement and leisure time. This has particular importance in 
developing countries where occupational physical activity may be inversely associated with 
leisure-time activity, especially among lower skilled workers and those with high energy-
demanding occupations (Viteri and Torun, 1975; Popkin, 1994, Salmon et al., 2000). 
 
It is not practical to use DLW in large-scale population-based studies. Those studies typically 
rely on observations, diaries or interviews on physical activity over periods of time ranging 
from one day to several months. In order to estimate energy expenditure, investigators 
perform indirect calorimetry measurements of key activities, or they use published 
compilations of the energy cost of physical activities and occupations (Ainsworth et al, 2000). 
Many such compilations are based on calorimetric measurements among well-nourished 
individuals in industrialized countries, and they may underestimate the energy cost of 
activities associated with other lifestyles (Welk et al., 2000). 
 
Diaries and questionnaires should reflect the habitual patterns of activity in the target 
population (Lamonte and Ainsworth, 2001). They should also include activities such as 
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walking for transport, which constitute an important portion of time and AEE in developing 
and transitional communities. 
 
Physical activity questionnaires and diaries must be validated and tested for reliability. This is 
usually done in a convenience sample of subjects whose heart rate or motion is continuously 
monitored and recorded, as indicator of total energy expenditure or AEE. Results from 
questionnaires have also been compared with fitness levels, body composition and other 
parameters associated with habitual energy expenditure. 
 
The high cost and complex technology involved in DLW measurements limits its use among 
investigators in developing countries. Other practical, reliable and readily available 
techniques are required for field studies in these environments. The most widely used have 
been heart rate monitoring and motion recording.  
 
Heart rate monitoring must be recorded minute-by-minute or over short periods of time 
consistent with the performance of specific activities. Individuals must undergo a 
“calibration” process, whereby their personal heart rate-oxygen consumption relationship is 
established. That relationship is linear between heart rates of about 90 to 150 beats per minute 
among adults, which covers the vast span of non-sedentary time (the range of heart rates 
varies in infants and children, depending on their age). Adjustments have been proposed to 
account for periods when individuals are sleeping, resting or sedentary (i.e., with heart rate 
below a specific lower limit), and when they are extremely active (i.e., with heart rate above a 
specific upper limit). Total daily energy expenditure calculated from heart rate monitoring has 
been validated against DLW and whole body calorimetry. Although differences may be as 
high as 24% for a specific individual, mean results for population groups compare quite well 
(Spurr et al, 1988; Ceesay et al, 1989; Livingstone et al, 1990, 1992; Emons et al, 1992; 
Maffeis et al, 1995; van den Berg-Emons et al, 1996; Davidson et al, 1997, Treuth et al, 1998; 
Ekelund et al, 2000). It should be noted that most validations have been done in industrialized 
countries, where the nature and vigour of habitual daily physical activities may differ from 
those typically performed by children and adults in developing societies. Thus, reliability of 
heart rate monitoring must be further evaluated against DLW among free-living individuals of 
various age groups in rural and urban settings of the developing world. Furthermore, it is 
necessary to establish whether ambient temperature and duration of activity –known to alter 
the heart rate-oxygen consumption relationship (Hebestreit et al, 1995;Bot and Hollander, 
2000)– have an important impact on the overall calculations of total energy expenditure. 
 
Accelerometers and body motion sensors have also been used to assess physical activity in 
free-living individuals, using either uni-planar or multi-planar motion counts. This technique 
is limited to activities that involve body displacement, but when combined with heart rate 
monitoring, the accuracy to estimate AEE improves (Strath et al, 2002). 
 
In conclusion, heart rate monitoring alone or in conjunction with motion sensors is a useful, 
practical technique that can be applied in developing countries, and to validate large-scale 
energy expenditure/physical activity studies. Recent studies (Li et al, 1993; Keytel et al, 2002; 
Strath et al, 2002) have sought to improve the prediction of energy expenditure from heart 
rate by: i) using multi-variate models that include potential confounding variables in the 
calculations, such as body weight, gender and physical fitness; ii) using a non-linear function 
for the heart rate-energy expenditure relationship; iii) adding motion data to the predictive 
equations; iv) expressing the heart rate-energy expenditure relationship as a function of the 
preceding minute’s heart rate. All these possibilities must be evaluated and tested against 
DLW as the standard for total daily energy expenditure. 

16 



 

Thus, the research agenda to improve measurements of physical activity and energy 
expenditure as instruments for health, should include the following recommendations: 
 
1. Total energy expenditure should be measured in developing countries with DLW or an 

adequately validated proxy (such as heart rate monitoring), and physical activity levels 
should be partitioned using additional criteria (such as heart rate monitoring and/or 
motion recordings) to differentiate between “light”, “moderate” and vigorous” 
activities, and to classify them within at least five domains (household work, 
transportation/displacement, habitual occupations (including school and school-work 
for children), leisure activities, and rest). 

2. Improvement of the accuracy of current heart rate monitoring methods must be 
validated using isotopic techniques. These improvements are mainly related to applying 
a better model for the heart rate-oxygen consumption (or energy expenditure) 
relationship, which may be influenced by factors such as physical fitness, ambient 
temperature, work previously performed, body mass, age, type, mode and purpose of 
activity. Improved accuracy in heart rate monitoring will, in turn, allow cost-effective, 
indirect validation of physical activity questionnaires and self-report instruments. 

3. Information must be collected in a standardized fashion on the energy cost of country- 
and culture-specific habitual activities, to improve the prediction of total and activity-
related energy expenditure from questionnaires and self-report instruments. 

 

4. EXAMPLE OF A MULTI-COUNTRY RESEARCH INITIATIVE THAT 
MAY BENEFIT FROM EXTENSIVE VALIDATION USING NUCLEAR 
AND ISOTOPIC TECHNIQUES TO IMPROVE FIELD MEASURES OF 
BODY COMPOSITION AND ENERGY EXPENDITURE: 

4.1. Proposed WHO Multi-country Study on Socio-economic and Environmental 
Factors, Nutrition and Non-Communicable Diseases in Countries in Transition  
 
A series of descriptive studies undertaken by the International Union of Nutritional Sciences 
task force on the nutrition transition in developing countries have shown that rapid shifts are 
occurring in the developing world toward a lifestyle of sedentariness and energy-dense diets. 
These changes are linked to the increased prevalence of nutrition-related non-communicable 
diseases (hereafter termed NR-NCD) including obesity, adult-onset diabetes, hypertension, 
and other dimensions of cardio-vascular disease (CVD). The most systematic finding 
throughout the studied countries was the rapid increase of overweight and obesity, but 
fragmentary data also pointed to rapid shifts toward energy-dense diets, sedentariness and 
increased risk of several NR-NCD. However, these studies, as well as the limited number of 
studies conducted in the developing world, provide little information on the relationships 
linking underlying socio-economic and contextual/environmental variables, energy-dense 
diets, sedentary lifestyle and other proximate behaviour risk-factors and NR-NCD outcomes. 
 
Prevention is the only feasible approach to nutrition-related chronic diseases. The cost of 
treating and managing these diseases will impose an economic burden that developing 
countries won’t be able to cover. There is an urgent need for governments, in partnership with 
all relevant constituencies, to integrate strategies that promote healthful diets and regular 
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physical activity throughout life, into all relevant policies and programs—including those 
designed to combat under-nutrition. 
 
Therefore, it is critically important to use multilevel information to provide guidance for 
future community-level and macro-level programs and policy initiatives to prevent the 
sedentarism, poor diets, obesity and other dimensions of the NR-NCD’s. Therefore a study 
was designed to allow understanding the primary determinants of the nutrition transition faced 
by developing countries, and to create community-level and macro intervention options. A 
12-country collaborative project is proposed to provide information and analyses in a range of 
environments among a varying set of ethnic subpopulations.  The countries are Brazil, Chile, 
and Mexico, in Latin America; Egypt, Iran, and Morocco, in North Africa and Western Asia; 
Nigeria and South Africa, in Sub-Saharan Africa; and China, India, Indonesia and Thailand in 
Asia. 
 
Aside from this broad overriding need to develop analysis that point out the role of changes at 
the macro- and community level in the environments [food prices, transportation options, and 
so forth], there are some more focused aims of the proposed study. 
 
• Collect in-depth data on diet and physical activity linked with the other key determinants 

and health outcomes to assist in refining related simpler monitoring and evaluation efforts 
on these topics. We will be able to explore the potential value of developing abbreviated 
measures of all key behaviours and outcomes that could be used with larger populations. 

• Provide a careful understanding of the prevalence of key behaviours (diet, physical 
activity or inactivity, and related risk factors (stress, smoking, drinking) as they relate both 
to selected underlying environment-contextual and socio-economic determinants in cross-
sectional analysis to our risk factors (e.g. how prices affect diet and smoking how poverty 
affects stress) and to our key outcomes—in particular obesity but also other NR-NCD.  

• Examine relationships between key behaviours and measures of NR-NCD’s across the 
countries (e.g. BMI-diabetes relationships). 

• Use the baseline surveys as a basis for long-term follow-up and monitoring research. The 
goals of this are to provide more causal analysis on determinants and consequences of the 
key risk factors that we wish to prevent.  

 
The organization of the study reflects its multi-centre nature and the attention to data quality 
and its emphasis on data integrity. It will be governed by a steering committee, two 
management centres, one data coordinating centre, a nutrition centre, a spatial centre, a 
physical activity centre, several study committees, and the twelve participating countries. The 
study committees will include an Ancillary Studies Committee, an External Advisory 
Committee, a Publications Committee, and a Quality Control Committee. The management 
centres will be located at the University of Sao Paulo, Brazil, and the Carolina Population 
Centre at the University of North Carolina at Chapel Hill in the United States. The data-
coordinating centre will be the Collaborative Studies Coordination Centre at the University of 
North Carolina at Chapel Hill. The nutrition centre will be located at the UCLA School of 
Public Health in Los Angeles, California, in the United States. The spatial centre will be 
located at the Carolina Population Centre (location given previously). The physical activity 
centre will be located at the MRC/UCT Exercise Science and Sports Medicine Research Unit 
at the University of Cape Town in South Africa.  Experts in research on ageing are included 
as investigators in influential roles (including Dr. Robert Wallace, University of Iowa). 
 
A key component of this study is the development and enhancement within each participating 
country of the personnel and resources necessary to conduct such a study and to perform the 
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relevant data analyses. To this end, standardized training of in-country trainers will be 
conducted in three regional sessions; these trainers will additionally be certified in the 
procedures and protocols of the study before proceeding to train individuals within their home 
countries.  Site visits and additional training sessions will be conducted to ensure standards of 
quality assurance and comparability of protocols are met. In addition, five workshops will be 
conducted in the five-year period after data collection to train in-country personnel in data 
analysis methods, beginning with simple associational analyses and ending with multilevel 
analytic methods. These will include special sessions focusing on spatial data management 
and analysis methods, dietary assessment and analysis methods, and physical activity 
assessment and analysis. 
 
The IAEA may provide critical assistance during 2003 by assisting the project in determining 
the cost-effective and appropriate techniques for collecting body fatness and visceral fatness 
data for this study. Nuclear techniques used for measuring body composition e.g. total body 
water (for example, using deuterium oxide), DEXA (Dual Energy X-Ray absorptiometry), 
and CT (computer tomography) will allow this project to measure very accurately the 
proportion of body fat and the amount of visceral fat. These results will allow the project to 
determine the differences in body fatness and visceral fatness across 12 developing countries 
using highly standardized techniques. While this contribution is most important for public 
health, of equal importance will be the use of these results to ascertain which anthropometric 
measurements can be used in epidemiology studies of adults and the elderly to measure body 
fatness and visceral fat. Appropriate and targeted validation studies are the first step toward 
reaching these goals. 
 
4.2. Example of a protocol for a study to harmonize body composition measures in 
diverse populations 
 
The purpose of the study protocol presented here is to develop equations that use feasible field 
measures to estimate percent body fat and visceral fat in a wide variety of population groups. 
The over-arching goal is to develop equations that give an unbiased estimate across all 
groups, and perform reasonably well compared to equations tailored for each individual 
group. To function as a "gold standard", precise measures of percent body fat and visceral fat 
using the deuterium dilution technique and computed tomography (CT) scans of the 
abdominal region would be required. In the same individuals a battery of anthropometric and 
other demographic measures would be obtained, concentrating on those that are practical for 
community-based measurements and are known to vary by population group. 
 
Subjects will be recruited from each of the 12 countries participating in the aforementioned 
WHO Study on Nutrition and Non-Communicable Diseases in Countries in Transition Study. 
Each investigator will identify one (or in some cases two) distinct ethnic group within their 
country to be examined. Here ethnicity will be viewed as a cultural and geographic construct, 
and participants will self-identify their own ethnicity from a checklist. We will consider 
participants of similar race (for example Asians) who live in different countries as being of 
two different ethnicities. Current estimates are that we will need 150 subjects per "ethnic" 
group, approximately equally divided by gender and age over a range from 25 to 55 years. We 
will seek to include subjects to represent a wide range of percent body fat. 
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Data from the 12 countries will be combined at the Collaborative Studies Coordinating Center 
at the University of North Carolina at Chapel Hill. A series of analyses will be conducted to 
determine the optimal equations for the prediction of percent body fat (i.e. the estimate 
obtained by deuterium dilution) and visceral fat (i.e. the estimate obtained using CT scans) 
using anthropometric measures. We will first develop optimal equations for each population 
group. These equations will have high precision for the group for which they are developed, 
but will likely be biased across groups. Therefore, using an approach that balances our goals 
of feasibility, parsimony, predictive ability and low bias, we will develop equations for use in 
all the groups, which may be somewhat less precise, but will give unbiased estimates across 
the groups. 
 
This research will produce equations that can be used in future studies around the world by 
researchers studying total and regional obesity. One immediate application of these methods 
will be the WHO Study on Nutrition and Non-Communicable Diseases in Countries in 
Transition. The overall goal of that study is to identify major program and policy options for 
modifying the environment to prevent obesity and obesity-related diseases. As part of this 
effort, the WHO Study will examine the causes and consequences of obesity in diverse 
populations in 12 countries in economic transition. In order for that study and other studies to 
compare risks associated with adiposity across population groups, standard measures of total 
and regional adiposity are essential. 
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5. CONCLUSIONS AND RECOMMENDATIONS: 
 
Under the framework of this consultancy meeting, the following areas are suggested for 
development of one or more Co-ordinated Research Projects (CRPs) by the International 
Atomic Energy Agency: 
 
• Assessment of body composition and total energy expenditure of older adults in a variety 

of societies with different lifestyles 
• Validation with doubly labeled water of methods such as heart-rate monitoring and 

motion-recording, to assess energy expenditure and intensity of physical activity in 
developing countries. These methods, in turn, will allow large-scale assessment of 
physical activity and energy expenditure through questionnaires and non-calorimetric 
methods 

• Development of body composition and fat distribution equations for field methods across 
different ethnic and national groups, validated by nuclear techniques 

• Evaluation of substrate oxidation patterns in fat metabolism by 13C methodology, among 
malnourished, normal and obese individuals of developing regions  
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APPENDIX 1: INFORMATION SHEET 
 

CONSULTANTS MEETING 

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

requirements 

 

1. BACKGROUND: 
 
There is a growing concern that by the year 2025 there will be 1.2 billion elderly people in the 
world (60% of them in developing countries). In this context, the deliberations by the UN 
Standing Committee on Nutrition (SCN) and the International Dietary Consultative Group 
(IDECG) are increasingly focusing on the health problems of the elderly. It is being 
increasingly recognized that large shifts have occurred in dietary pattern, mainly in the energy 
metabolism, as population is getting older in different regions of the world. Apparently even 
small increases in physical activity and/or small weight losses can have considerable 
metabolic effects (eg. lowering the incidence of glucose intolerance). In addition, study of the 
impact of weight losses or gains on the overall health of ageing subjects in relation to the 
incidence of morbidity and mortality is also attracting attention. 
 
On the other hand, non-communicable diseases (NCDs) account for nearly 60% of death 
globally due to heart disease, stroke, cancer, diabetes and lung diseases. The rapid rise of 
nutrition-related non-communicable diseases (NR-NCDs) represents one of the major health 
challenges to global development in the 21st century and threatens economic and social 
development of nations as well as the lives and health of millions of their subjects (1). 
Evidence from many developing countries shows that NR-NCDs prematurely disable and kill 
a large proportion of economically productive people, a preventable loss of precious human 
capital (1,2). It is believed that four out of five deaths from NR-NCDs occur in the middle and 
low-income countries. The burden of obesity, diabetes and cardiovascular disease alone, is 
now far greater in developing countries than in all industrialized countries in the world added. 
There is a growing evidence that NR-NCDs affect predominantly low socio economic groups 
in urban areas, who often consume a diet high in total fat, cholesterol, sugar and other refined 
carbohydrates and low in polyunsaturated fatty acid and fiber, and who have limited 
access/time for recreation and physical activity (2). 
 
The process known as nutrition transition refers to major changes in the nutritional profile of 
populations produced by modifications in diet and physical activity that is reflected in 
changes in nutritional outcomes like average stature and body composition. The purpose for 
assessing body composition is to use the two compartments of total body weight, i.e. the fat 
free mass and the fat mass. The study of human body composition and related metabolic 
disturbances is an important factor in the evaluation of energy metabolism-related diseases 
(e.g. obesity), monitoring malnourished subjects, pregnant and lactating women, the elderly 
and many other conditions. Recently, attention is turning towards understanding the 
significance of visceral fat, and therefore its measurement in human body composition studies 
is becoming an important issue in clinical nutrition (3). Visceral fat is associated with 
negative health effects and it is also considered a risk factor for cardiovascular diseases such 
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as insulin resistance, diabetes, hypertension and changes in concentration of plasma lipids. 
Noteworthy some of several techniques used for measuring body composition e.g. skinfold 
thickness, densitometry, infrared interactance, electrical conductance, total body water (for 
example, using deuterium oxide), DEXA (Dual Energy X-Ray absorptiometry), and CT 
(computer tomography). The global nutrition community recognizes the significance of 
nuclear-related and isotopic techniques for accurate and, in some cases, non-invasive 
measurement of nutrient utilization, body composition and energy metabolism. In addition, 
total body water –and therefore body composition– can be measured at the same time as total 
energy expenditure in free-living conditions, using doubly labelled water (DLW). 
 
The overall purpose of this consultants meeting (CS) is to examine the needs to measure body 
composition and energy expenditure related to obesity parameters under specific clinical 
conditions, and to address the validation of isotopic and nuclear-related techniques, 
particularly the use of DLW. Several new initiatives addressing the obesity epidemic are in 
the offing such as the global project on “Multi-country study on socio-economic and 
environmental factors, nutrition and non-communicable diseases in countries in transition” 
initiated by WHO, NIH, and ILSI, and the proposed RLA project on “Obesity and its 
Metabolic Consequences in Latin America” including Central and South American countries. 
Therefore the recommendations and validation of methods that will from this CS are of global 
significance. 
 

2. IAEA’S INVOLVEMENT WITH NUCLEAR AND ISOTOPIC TECHNIQUES IN 
NUTRITION 
 
IAEA has been supporting several nutritional projects, and in 1987 a sub-programme on 
nutrition related research was established. This programme focuses on application of isotopic 
and nuclear techniques for measuring nutrients in foods, and human body composition. 
Indeed, recent consultations on energy metabolism (FAO/WHO/UNU, Rome, October 2001 
and protein turnover (FAO/WHO/UNU, Geneva, April 2001) have incorporated data 
generated by IAEA’s project in rural children from developing countries for inclusion on its 
future recommendations. Further, the IAEA’s involvement at the 17th Congress of Nutrition in 
2001 has generated an important contribution to the scientific community on issues related to 
use of nuclear and isotopic techniques in human nutrition research. A supplemental issue of 
Food and Nutrition Bulletin on Use of Nuclear and Isotopic Techniques for Addressing 
Nutritional Problems; volume 23, No.3, September 2002, has just appeared. 
 

An earlier CRP namely “Application of nuclear techniques in prevention of degenerative 
diseases (obesity, non-insulin dependent diabetes, and coronary heart diseases) in ageing” and 
a TC project on “Regional Latin America-Isotopes of evaluation nutrition intervention 
programmes” have contributed to understand several methodological issues related to the use 
of DLW. However, it is necessary to examine the newly emerging needs for improved obesity 
related measurements, such as developing skills to measure visceral fat and its relationship to 
diet and physical activity of elderly subjects. 
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3. OBJECTIVES  
 
• Evaluate the overall scope of the proposed new CRP, and offer comments. 
• Suggest approaches for fine tuning nuclear-related and isotopic techniques for energy 

measurements with respect to macro and micronutrients under different physiological 
conditions affecting the elderly. 

• Examine the usefulness of nuclear and related isotopic techniques to measure visceral fat 
and total body fat, and determine the optimal method of collecting standardized, unbiased 
measures in diverse settings. 

• Harmonize validation of methods and sampling protocols for potential application in other 
emerging projects for a better understanding of human lipid metabolism. 

 

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

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

• Recommendations on modifications of isotopic techniques necessary to meet the needs of 
the proposed new CRP on energy metabolism in elderly subjects. 

• Guidance for harmonization in validation of methods and sampling protocols in support of 
the present CRP, as well as other emerging projects of global interest. 

• Short report (not more than 20 pages) with recommendations, to be drafted and adopted 
by participants during the meeting. 

 

5. REFERENCES 
 
[1] SHETTY P, IYENGAR GV et al. Application of stable isotopic techniques in the 
 prevention of degenerative diseases like obesity and NIDDM in developing countries. 
 FNB 2002; 23(3) supplement: 174-179. 
[2] BELLAGIO Declaration on the Nutrition and Health Transition in the developing 
 world: time to act. Public Health Nutrition 2002; 5(1A): 279-280. 
[3] PLOURDE GILLES. The role of radiological methods in assessing body composition 
 and related metabolic parameters. Nutrition Review 1997; 55(8): 289-296 
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APPENDIX 2: AGENDA 
 

CONSULTANTS MEETING 

on 

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

requirements” 

 

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  Discussion 

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. A. Kurpad and Dr. Nair) 

18:00  RECEPTION 

 

 

 

PLEASE NOTE THAT ON TUESDAY, EACH GROUP WILL MEET SEPARATELY 

• IUGR, Room: C0737 

• OBESITY, Room: C0704 
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CONSULTANTS MEETING 

on 

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

requirements”  

Scientific Secretary: B. Miranda-da-Cruz 

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

 Meeting Room C 07 IV 

 

TUESDAY, 10 DECEMBER 2002 

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

   Moderators: Dr. B. Torun (Guatemala) 

09:00-09:45  Physical Activity, basal metabolism and body composition as determinants of 

   energy needs for older adults (Dr. B. Torun, Guatemala) 

9:45-10:30  The role of physical activity for health in transitional communities; special  

   reference to older adults (Dr. V. Lambert, South Africa) 

10:30-11:00  Coffee break 

11:00-11:45  Multi-country study on nutrition and non-communicable diseases in country in 

   transition-project details. (Dr. B Popkin, USA) 

11:45-12:30  Total fat and visceral fat: Development and applications of improved field  

   methods (Dr. June Stevens, USA) 

12:30-14:00 Lunch 

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

   Moderators: Dr. V. Iyengar (IAEA) 

14:00-14:45  Physiological approaches in harmonizing body composition measurements (Dr. A. 

   Kurpad) 
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14:45-15:30  Standardization of measurements of % body fat using isotopic and nuclear-related 

   techniques (Dr. M. Valencia) 

15:30-16:00  Coffee break 

16:00-17:00  General discussion 

WEDNESDAY, 11 DECEMBER 2002 

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

   Moderator: Dr. J. Stevens (USA) 

09:00-09:45  Validation of conventional methods using isotopic and nuclear-related techniques 

   (DEXA, CT?) to estimate body composition (Dr. A. Kurpad) 

9:45-10:30  Indirect calorimetry and novel approaches to validation of energy expenditure 

   measures and physical activity instruments; special reference to developing  

   countries (Dr. V. Lambert) 

10:30-11:00  Coffee break 

11:00-12:30  Summary of the main issues on energy needs of older adults and elderly in relation 

   to age, lifestyle, body composition and energy metabolism and identify some future 

   actions for the Agency (All participants and B. Miranda-da-Cruz) 

12:30-14:00 Lunch 

14:00-17:30: SESSION 4, 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. Clugston/WHO) 

   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  

THURSDAY, 12 DECEMBER 2002 
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09:00-12:00 SESSION 5: 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 6: 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 6: 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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APPENDIX 3: LIST OF CONSULTANTS 

 
International Atomic Energy Agency 

 
Consultants Meeting  

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

micronutrient metabolism, and requirements” 
 

9-13 December 2002, IAEA Headquarters, Vienna, Austria 
(File Ref.: 327-E4-CT-12179) 

(Room No.: C07 IV) 
 

 
 
MEXICO    Dr. Mauro Valencia Juillerat 
     Centro de Investigacion en Alimentacion y Desarrollo (CIAD) 
     Carretera a la Victoria Km 0.6 
     Apartado Postal 1735 
     Hermosillo, Sonora 
     Mexico 83000 
     Tel:  0052-662-2800094 
     Fax:  0052-662-2800094 
     E-mail: mauro@cascabel.ciad.mx
 

GUATEMALA   Dr. Benjamin Torun  
     Instituto de Nutricion de Centro America y Panama (INCAP)   
     Carretera Roosevelt, Zona 11 01901  
     Guatemala City 
     Guatemala 
     Tel:   00502-471-9913/502 471 5655   
     Fax:  00502-473-6529 
     Email: torun@concyt.gob.gt
       btorun@incap.ops-oms.org
 

INDIA    Prof. Dr. Anura Kurpad 
     Head, Division of Nutrition 
     St. John’s Medical College 
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