Stable isotope applications in human health and nutrition

Several methods for evaluation of the health and nutritional status of human subjects are presently  being used. These include simple anthropometric method  to determine the components of the human body (e.g. fat) , nutrient balance studies to determine absorption of nutrients (bioavailability) , and calorimetry and balance studies to determine utilization of nutrients.  More advanced methods ones include    biochemical methods for specific assessment of different nutrients in clinical specimens (e.g. vitamin A), assaying hormones for environmental and regulatory influences, and gene mapping and proteinomics to study genetic influences.  However, some of these techniques can be  invasive and difficult for the subject , inaccurate, unresponsive to small changes and not easily transferred to the field. 

Isotope techniques have been used extensively in industrialized countries to analyse human energy requirements, body composition, and the metabolism of important nutrients such as protein, fat, vitamins and minerals. The information acquired has led directly to many improvements in nutrition and health. Several strategic applications of isotopic techniques being introduced in developing countries where they can benefit millions through monitoring improvement in nutritional status, and serve as specific indicators of broader social and economic advances. Several examples are cited:

The doubly-labelled water method (2H218O) is the only technique that can accurately determine the energy needs of people in their own environment. The results of investigations on energy expenditure of young children in Cuba and Chile based on doubly labelled water are being used by the FAO/WHO/UNU expert committee convened during 2001 to establish new energy recommendations. Prior to this regional project, data on energy expenditures were based on surveys in developed countries.

For example, national nutrition interventions based on stable isotope technology have been introduced in Chile, Mexico and Indonesia. 

In Chile, 300 children participated in a study (designed to cover 1.3 million children) in a national nutritional intervention programme. As a result, anemia was reduced from 30% to less than 5% after a year of providing iron supplemented weaning foods. This has led to use of food fortified in iron and zinc in the National Supplementary Feeding programme. This is expected to impact on educational performance and decreased infections. 

Mexico has equipped a laboratory is strongly supporting stable isotope technology to assess the effect of food supplements to a large number of pregnant and lactating mothers and to monitor the effect of iron and zinc fortification, at the national level.

In Indonesia, it is estimated that 35% of school children are underweight and 50% are micronutrient deficient including Fe and Zn. Technical and scientific input by the Agency to the national food fortification programme has addressed the problem of Fe and Zn through the wheat flour fortification initiative which will benefit both children and adults.

Globally, obesity has been recognized as a rapidly increasing problem affecting over 200 million people. Methods based on isotope dilution using 2H or 18O are widely accepted for monitoring body composition. Stable isotopes have been used in over 2000 subjects from China, India and Nigeria and a few other countries  to identify changes leading to obesity to design  preventive care. 

WHO reports over 2 million hip/spine fractures per year, mostly in women thus identifying osteoporosis as a major factor affecting health of the elderly. It is estimated that by 2025 there will be 1.2 billion elderly people in the world. Techniques based on dual energy X-ray absorptiometry offer non-invasive method for investigating the variation of bone mineral density. Under an IAEA initiative, over 6000 subjects from Brazil, China and a few other countries have been investigated to gather information in support of preventive health care.

Persistent diarrhoea accounts for over 60% of infant diarrhoeal deaths in Brazil, 47% in India, 36% in Senegal and 26% in Bangladesh. Stable isotope techniques are the best and cost effective modes of diagnosis of Helicobacter pylori infection through a simple breath test using Carbon-13. Several hundred children from Asia, Africa and Latin America have been investigated through an IAEA project for facilitating diagnosis and preventive interventions.

Worsening global situation
The nutritional divide is increasing between the rich and the poor within and among nations.  The situation is particularly alarming in developing countries.  The nutritional paradox of South Asia lies in the co-existence of grain mountains and hungry millions.  This is largely due to inadequate purchasing power arising from lack of sustainable livelihood opportunities. Famine of income is becoming the most important cause of a famine of food at the household level. Pregnant and nursing mothers and children belonging to the families living below the poverty line (the World Bank poverty line is an income of one  US dollar per capita per day or below) are the worst sufferers.  For example, severe anaemia during pregnancy is associated with very high relative risk of maternal death.  Maternal mortality rates are as low as 3 to 4 per 100,000 births even in some industrialised countries, while in many developing countries they are atleast 100 to 200 fold higher. Protein-energy malnutrition (PEM) affects nearly 30% of children under five years of age in countries in sub-saharan Africa.  A comparison of the nutritional status of populations in 3 Asian countries – China, India and Sri Lanka – provides some interesting insights into the impact of public policy on the nutritional well being of the population.

The Asian scenario
Four parameters-underweight, stunting, wasting and low birth weight-reflect the nutritional status of children below 5 years of age.  The comparative profile of Sri Lanka,  China and India ia shown below.  The data also indicate the importance of non-nutritional factors like education and health care in the nutritional well being of an individual.
 Comparative Nutrition Profiles of children

	

Parameter
	Sri Lanka
	China
	India

	
	In percentage

	Undernourished
	25
	11
	21

	Underweight
	38
	10
	53

	Stunting
	24
	17
	52

	Low birth weight
	25
	6
	30


Source: HDI Report 2001 and Planning Department of Sri Lanka
Body Mass Index gives the nutritional status of adults.  Adults having BMI less than 18.5 are considered to be chronically energy deficient.  Body Mass Index over 25 indicates over weight.  Obese persons will have BMI over 30. The situation in Sri Lanka is shown below.. 
Body Mass Index (BMI) in Sri Lanka
	BMI
	Men
	Women

	< 18.5
	36.2
	33.4

	> 25
	9.0
	12.8

	> 30
	0.8
	1.5


The future
Balanced human nutrition is an integral part of preventive health care. Funds deployed to strengthen this crucial link are national investments in valuable human resources. In this context, nuclear and isotopic techniques are regarded as gold standards for several nutritional assessments (nutritional monitoring with special reference to energy metabolism, nutrient intake, iron absorption in particular, among others) in the human health area. Therefore, enhancing capacity building (trained manpower) and sustaining health care in developing countries serves to benefit end-users namely children, pregnant and lactating women and the elderly, particularly in several least developed countries.

Calcium in the skeleton can be labeled with stable, long lived radionuclide Calcium-41. This offers an unique opportunity to look at Ca losses and balance in bone directly via urinary excretion of the isotopic label. Use of stable isotope techniques for absorption studies is not limited to those that are essential to the human body. They can also be used for toxicological studies. Stable isotope techniques have been used in humans to study Cd absorption.

In developing countries, each year 24% of all babies are born (totaling 30 million) with intrauterine growth retardation leading to low weight at birth. Stable isotopes because of their suitability for use in pregnant women and infants offer excellent means of nutritional monitoring in these subjects. 

Share of Children who are Underweight and Adults who are Overweight, Selected Countries, Mid-1990s
	Country
	Share Underweight
(percent)
	Country
	Share Overweight
(percent)

	Bangladesh
	56
	United States
	55

	India
	53
	Russian Federation
	54

	Ethiopia
	48
	United Kingdom
	51

	Vietnam
	40
	Germany
	50

	Nigeria
	39
	Colombia
	41

	Indonesia
	34
	Brazil
	36


Source : Gardner and Halweil, 2000
