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PARTI: SUMMARY REPORT



CO-ORDINATED RESEARCH PROJECT ON APPLICATION OF NUCLEAR TECHNIQUES
IN THE PREVENTION OF DEGENERATIVE DISEASES (OBESITY AND NON-INSULIN
DEPENDENT DIABETES) IN AGEING (E4.30.11)

FIRST RESEARCH CO-ORDINATION MEETING
SUMMARY REPORT

When industrialisation and economic development occurs there are substantial changes in
dietary habits and lifestyle. These can adversely affect health status and life expectancy. Thus a new
epidemic of diet and lifestyle-related non-communicable diseases is emerging in developing countries,
especially those undergoing rapid transition and economic development. The transition is: i)
demographic - from high fertility and high mortality to diminished mortality and fertility with a change in
population age structure; ii) epidemiological - from high prevalence of infectious disease to
circumstances where chronic diseases predominate; iii) nutritional - from high prevalence of under-
nutrition to circumstances where diets are high in total fat and refined carbohydrates but low in poly-
unsaturated fat and dietary fibre.

Along with all these changes there is an increasingly sedentary life style and presumably
reduced energy expenditure, ultimately leading to weight gain. Under these circumstances, the
resulting increase in obesity is an important risk factor for the development of non-insulin dependent
diabetes mellitus (NIDDM) and coronary heart disease (CHD). It is also believed that early under-
nutrition can be a predisposing factor for the development of obesity in later life.

In the developed countries, research using nuclear methods has been substantially used to
examine the physiological and biochemical mechanisms involved in obesity-related diseases. This
Co-ordinated Research Project (CRP) is intended to promote the use of these techniques in the
developing world. Examples are:

• Insulin resistance in NIDDM and its development, measured by several techniques involving
radioimmunoassay (RIA) for measurements of insulin levels and isotopic tracer-kinetic methods
such as those employing di-deuterated glucose (in vivo glucose tolerance tests)

• RIA techniques for measurements of other hormones, e.g., C-peptide and glucagon
• Isotope ratio mass spectrometry (IRMS) to measure 2H2O enrichment for estimating body

composition and degree of obesity
• IRMS and 2H2

18O kinetics to: i) measure total energy expenditure (TEE) which, in combination with
calorimetry and resting metabolic rate, allows estimates of physical activity to be normalized for
basal metabolic rate (BMR), and ii) provides validations of food intake measurements.

• Dual energy X-ray absorptiometry (DEXA) to measure body composition
• Fat and carbohydrate (CHO) utilisation from 13C analysis in expired breath after the oral

administration of labelled substrates

The specific objectives of this CRP are:

1. To define the magnitude of the obesity/NIDDM problem in developing countries.
2. To identify vulnerable groups at high risk.
3. To describe the metabolic mechanisms involved.

The purpose of this first Research Co-ordination Meeting (RCM) was thus to develop a world-
wide collaboration in the use of nuclear and isotopic techniques to investigate the aetiology of
degenerative diseases in ageing. All countries participating in this CRP are going through the
epidemiological transition with changes in lifestyles to approach those seen in the developed nations.
This first meeting was held in the Agency's headquarters in Vienna, with participation of contract and
agreement holders, experts, observer, and in-house staff. The list of participants and the agenda are
given in the Appendices A and B, respectively.

Dr. C.V. Levin opened the meeting and welcomed all participants on behalf of Dr. Steffen
Groth, Director, Division of Human Health, and Dr. W.A. Coward defined purpose of the CRPs
generally. Mr. Jan Lodding, Division of Planning, Co-ordination and Evaluation, addressed some of
the work carried out by the Department of Technical Co-operation at the IAEA. Dr. Sonya Rabeneck,
Technical Secretary, UN Administrative Committee on Co-ordination, Sub-Committee on Nutrition,
talked about the role of ACC/SCN in world nutrition. An update on the world-wide of 18O supply was
presented by Dr. Coward (Appendix C).
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Dr. Roman Hovorka provided expert consultation on methods available to measure insulin
sensitivity (background paper). As a result of his consultancy, it was agreed that the homeostatic
model assessment (HOMA) would be the chosen one to be used in the project protocols for measuring
insulin sensitivity.

During this RCM, a protocol was developed on the standardisation of the methods and
techniques that will be used in the projects (Appendix D). These are methodologies for assessing
substrate metabolism, anthropometry, body composition, energy expenditure and dietary intake.
Overall, a great deal of productive discussion was generated throughout the sessions. These
discussions provided valuable information for the participants in terms of the study design, including
both nuclear and non-nuclear methodologies. Some scientific papers were referred to and presented
during the various discussions.1

Information on the projects is given in Table I. Individual projects and some preliminary results
are described by the principal investigators in Part II of this report. As can be seen on Table II, the
projects within this CRP represents "at risk" population groups from Africa, Asia, the Pacific, North and
Latin America, and the studies propose extensive use of nuclear and isotopic techniques. The
underlying causes of obesity are being looked at, by measurements of dietary intake, energy
expenditure, body composition, and physical activity. Moreover, the impact of obesity on the
development of NIDDM and CHD are also being examined by measurements of several biomarkers
related to the metabolism of fat and carbohydrates, cardiovascular and immune systems. As a whole,
this CRP has been built around strong and established connections between developed and
developing country laboratories.

In Latin America, the "Instituto de Nutricion y Tecnologia de los Alimentos" (INTA) at the
University of Chile and the "Centro de Investigacion en Alimentacion y Desarollo (CIAD)" in Mexico,
have well equipped research facilities. These two centres are of great value to provide regional
expertise. INTA has a continuous flow IRMS and a whole body calorimeter for measurements of
energy expenditure. With these TEE, RMR and physical activity levels can be measured. Additionally,
substrate oxidation of dietary carbohydrate and fat can be measured by combining the use of Re-
labelled substrates and indirect calorimetry. An additional objective for Chile includes the set-up of a
labelling system for 13C-starch to measure exogenous carbohydrate oxidation. CIAD has the research
facilities available for radioimmunoassays for insulin and other hormones, and infrared spectroscopy
for 2H concentration measurement in water. A pilot study to compare body composition values
measured by air displacement plethysmography (Bod-Pod) and deuterium dilution is being carried out
and preliminary results were presented in the country report.

In the United States, the Children's Nutrition Research Centre at Baylor University will assist
JAM and NIG 2H and 18O analysis. [A large, NIH-funded study has been going on to examine the
prevalence and determinants of hypertension and diabetes in Jamaica, Nigeria and USA. For this
CRP, it has been proposed to study a sub-sample of adult individuals with impaired and normal
glucose tolerance from these three different locations, and look at energy expenditure, body
composition and the evolution of impaired glucose tolerance to NIDDM]. The Human Nutrition
Research Centre for Ageing at Tufts University will provide facilities for energy expenditure
measurements using the same isotopes in work to be done in BRA.

The London School of Hygiene and Tropical Medicine in the United Kingdom will provide
scientific advice and analytical support for IND and extensive experience in the area of energy
metabolism. New Zealand has an on-going project on energy metabolism in Polynesians, funded by its
government through the Health Research Council, and as a research agreement holder, will also
provide expertise in the area of energy metabolism and body composition.

1 E. FERRANINNI, et al., Insulin resistance and hypersecretion in obesity, J. Clin. Invest. 100 (1997) 1166-1173.
R.R. LITTLE, et al., Glycated haemoglobin predicts progression to diabetes mellitus in Pima Indians with
impaired glucose tolerance, Diabetologia, 37 (1994) 252-256.
D.R. MATHEWS, et al., Homeostasis model assessment: insulin resistance and beta-cell function from fasting
plasma glucose and insulin concentrations in man, 28 (7) 412-419.
M.A. PEREIRA, et al., A collection of physical activity questionnaires for health-related research, Med. Sci.
Sports Exerc, 29 (6 Suppl) (1997) S1-S205.
N.J. WAREHAM, et al., A quantitative analysis of the relationship between habitual energy expenditure, fitness
and the metabolic cardiovascular syndrome, Br. J. Nutr. 80 (1998) 235-241.
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Table III presents a summary of each individual contract holder. It also shows the present
status for each project and their future plans. Briefly speaking, most projects already have a full and
set research protocol to be soon implemented. Some preliminary results were presented, and a
number of pilot studies on method standardisation and/or validation are, or will be, shortly on their
way. Additionally, at the end of the meeting, principal investigators from each project were asked to
present a final project's frame work which included any changes that were proposed and agreed upon
during the discussions (Appendix E).

TABLE I: LIST OF PROJECTS WITHIN THE CRP.

Name

Ana Sawaya

Erik Diaz

Guansheng Ma

Manuel
Hernandez

Chittaranjan
Yajnik

Terrence
Forester

Mauro Valencia

Elaine Rush

Debo Adeyemo

Prakash Shetty

Farook Jahoor

Susan Roberts

Institute/Country

Universidade de
Sao Paulo, BRAZIL

Universidad de
Chile, INTA, Chile

Chinese Academy of
Preventive
Medicine, CHINA
Instituto de Nutricion
y Higiene de los
Alimentos, CUBA
King Edward
Memorial Hospital
and Research
Centre, INDIA
University of the
West Indies,
JAMAICA

Centra de
Investigacion en
Alimentacion y
Desarollo, MEXICO
Auckland Institute of
Technology, NEW
ZEALAND
University of ibadan,
NIGERIA

London School of
Hygiene and
Tropical Medicine,
UK
Children's Nutrition
Research Centre at
Baylor Univ. USA

Jean Mayer USDA
Human Nutrition
Research Centre for
Ageing at Tufts
Univ., USA

Contract/

Agreement No.

BRA-10596

CHI-10597

CPR-10598

CUB-10599

IND-10600

JAM-10601

MEX-10602

NZE-10680

NIR-10603

UK-10690

USA-10604

USA-10681

Title of Project

Effects of childhood malnutrition on
the increase of risks factors for
obesity, non-insulin dependent
diabetes mellitus and coronary heart
disease
Fat and carbohydrates in the diet: its
metabolic contribution to obesity in
Chilean women
A three-year follow-up study on risk
factors for obesity and NIDDM in
Chinese ageing population
Energy requirements and physical
activity level of active elderly people
in rural areas of Cuba
Total body fat, pro-inflammatory
cytokines and insulin resistance in
Indian subjects

Relative contributions of energy
expenditure on physical activity,
body composition and weight gain to
the evolution of impaired glucose
tolerance to frank diabetes
Risk factor for type 2 diabetes and
cardiovascular disease in Mexican
adults from different socio-economic
levels
Energy expenditure and metabolism
in Maori, Pacific Island and New
Zealand European men
Relative contributions of energy
expenditure on physical activity,
body composition and weight gain to
the evolution of impaired glucose
tolerance to frank diabetes
Total body fat, pro-inflammatory
cytokines and insulin resistance in
Indian subjects

Relative contributions of energy
expenditure on physical activity,
body composition and weight gain to
the evolution of impaired glucose
tolerance to frank diabetes
Effects of childhood malnutrition on
the increase of risks factors for
obesity, non-insulin dependent
diabetes mellitus and coronary heart
disease



TABLE II: SUMMARY OF PRESENT STATUS

EXPECTED

1. To define the magnitude of
the NIDDM/obesity problem
• in developing countries
under transition using
nuclear techniques

2. To identify high-risk groups
and their potential for growth

3. To describe the physiological
and biochemical
mechanisms involved

PRESENT STATUS

All countries participating is this CRP are currently undergoing rapid
economic and nutritional transition. Both obesity and NIDDM are
considered as major public health problem in all of them, except
Nigeria, nevertheless, its population seems to be genetically
predisposed. In this context, a study in collaboration with a
developed region (USA) and another one undergoing rapid
transition (JAM) will increase the knowledge of the origin of these
diseases.

• stunted Brazilian school age children living in shanty-towns in
Sao Paulo;

• obese Chilean women from a poor urban area in Santiago;

• elderly people from a rural mountain area in Cuba and from an
urban area in Beijing, China;

• three African adult population groups from Nigeria, Jamaica and
USA;

• adult Indian men from two urban locations (middle class and
slum) and one rural location;

• Mexican adults with different socio-economic levels in Sonora;

• adult males from New Zealand European, Maori and Pacific
Island groups.

• CHI - dietary factors (fatty acid pattern and glycemic index),
substrate oxidation (13C and calorimetry), and energy
expenditure (DLW)

• BRA - body composition (2H dilution), extent of altered glucose
and lipids metabolism

• CPR- energy expenditure (TEE) and body composition (DLW),
food records, glucose metabolism and lipid profile

• CUB- resting metabolic rate (calorimetry) and EE (DLW), body
composition (DEXA), glucose and lipid metabolism

• IND - glucose resistance and insulin resistance variables (insulin,
lipids, NEFA*) and leptin; endothelial markers (e-Selectin and
von Willebrand Factor), inflammatory markers and pro-
inflammatory cytokines (C- Reactive Protein, lnterleukin-6 and
tumour necrosis factor)

• JAM/NIG - TEE (DLW), body composition (2H dilution and BIA**),
glucose tolerance and insulin metabolism and fat distribution

• MEX - risk factors for type 2 diabetes and CHD, body
composition (2H dilution), OGTT***, insulin sensitivity, lipid
profiles

• NZ - resting metabolic rate (calorimetry) and TEE (DLW), body
composition (DEXA), substrate oxidation (13C and calorimetry)

*NEFA -non-esterified fatty acids
"BIA - electrical impedance
***OGTT - oral glucose tolerance test



TABLE III: SUMMARY OF INDIVIDUAL CONTRACT HOLDER'S PROGRESS

EXPECTED

The proposals are for applied
research using nuclear tools and
techniques to improve knowledge
of the biology of obesity and
NIDDM, especially as it relates to
thedeveloping countries in
transition

Up to eight research contracts and
four research agreements

BRA-10596. Programme designed

CHI -10597. Programme designed

CPR -10598. Programme designed

CUB -10599. Programme designed

IND -10600. Programme designed

JAM -10601. Programme designed

MEX -10602. Programme started

NIR -10603. Programme designed

PRESENT STATUS

A wide variety of nuclear techniques using both radioactive and
stable isotopes will be employed. Some examples are: RIA for
hormone measurements, 2H labelled water and DEXA to assess
body composition, DLW to measure energy expenditure, and
substrate oxidation of dietary carbohydrate and fat using 13C-
substrates and indirect calorimetry.

Eight countries have joined this CRP as research contract
holders (Brazil, Chile, China, Cuba, India, Jamaica, Mexico and
Nigeria). Four research agreements (New Zealand, United
Kingdom and U.S.A) were signed in order to provide high level of
expertise which will be of great value for the whole CRP.

Recruitment protocol is ready and subjects will be contacted at
home and invited to participate in the study. Data collection will
take place during the first 1.5 year of the project. Adequate
number of subjects is assumed to be available in the community.

Standardisation of proposed methodologies such as the
glycemic index and wheat enrichment with 13C, will take place
before the start of the study. Potential subjects have been
identified in the community for recruitment.

Finalise research protocol. No full design yet available.

Standardisation of protocols used in the project, such as
measurements of total energy expenditure, physical activity and
glucose tolerance tests will be carried out before recruitment.

Research protocol is set to start recruitment and data collection
at different locations in Pune.

Proposed study is a follow-up of a larger, on-going NIH funded
study in collaboration with USA and Nigeria. A sub-sample will
be identified and measurements of energy metabolism, body
composition and glucose metabolism will be performed.

Approximately 50 % of subjects recruited with preliminary results
available. Two pilot studies are being conducted on the
comparison of body composition by deuterium dilution and
plethysmography (BOD-POD), and on the physical activity level
by questionnaire in men of different occupations.

Proposed study is part of a follow-up, on-going NIH funded study
in collaboration with Nigeria and USA. A sub-sample will be
identified and measurements of energy metabolism, body
composition and glucose metabolism will be performed.
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HOW CAN WE MEASURE INSULIN SENSITIVITY?

ROMAN HOVORKA, Metabolic Modelling Group, Centre for Measurement and Information in
Medicine, City University, Northampton Square, London EC1V OHB, UK,

Abstract

Insulin resistance is common in general population and prevalent in patients with obesity and
Type 2 diabetes. Insulin sensitivity, reciprocal to insulin resistance, can be measured with a
variety of experimental methods ranging from the "gold" standard glucose clamp to the simple
HOMA assessment. Each method has its merit and is applicable under different circumstances.
Adoption of glucose tracers in the experimental protocols and more specifically in glucose
clamp and minimal model allows hepatic vs. peripheral insulin sensitivity to be discriminated
and estimated separately. The objective of this review is to give an account of the minimal
modelling approach and provide summary information about other measurement methods
together with information about reproducibility of the most popular methods, the minimal model
and the glucose clamp techniques.

1. INTRODUCTION

In a normal human subject insulin is present in the circulation at all times. Throughout life it
exerts an influence over the metabolism of every tissue either directly via its own receptor, or indirectly
via its effects on substrate concentrations. Any change in glucose concentration from a narrow normal
range results in an insulin response appropriate to restore the homeostasis. In parallel, any change in
insulin concentration also aims at restoring homeostasis. Hand in hand, the presence of these two
feedback mechanisms maintain and control glucose concentration.

In disease and notably in diabetes, these feedback mechanisms do not operate effectively or
break down completely. Insulin resistance represents the inability of tissues to respond to insulin
stimulation. Insulin resistance is an inclusive term, which describes the impairments at various levels
including intracellular level or extracellular level.

At the whole body level, insulin resistance or its reciprocal quantity, insulin sensitivity, has
been of interest since the very discovery of insulin. Early observations indicated that same amount of
insulin cause variable reductions in glucose among subjects. With increasing demands on accuracy
and relevance, experimental procedures to estimate insulin sensitivity moved from the insulin
tolerance test to glucose clamp techniques and minimal model analysis [1,2]. The addition of tracer
methodologies and in combination with sophisticated mathematical modelling approaches, insulin
sensitivity can now be estimated with high accuracy and physiological relevance. In particular, it is now
possible to discriminate between peripheral and hepatic resistance, estimated metabolic fluxes during
dynamic conditions, and perform population studies.

The minimal model of glucose kinetics has contributed greatly to the understanding and
quantification of insulin resistance in disease and in health. It is now used by an increasing number of
researchers and further research ensures that "hot" issues are investigated. Tracer methodologies
added considerable knowledge although they still await their full exploitation despite the
methodological building blocks being well in place.

3. METHODS TO MEASURE INSULIN SENSITIVITY

3.1. Minimal model analysis

The minimal model of glucose disappearance [3] has been developed to measure parameters
of carbohydrate metabolism using a simpler experimental design—an intravenous glucose tolerance
test (IVGTT) -while employing a more sophisticated data processing than the glucose clamp technique
[4]. The minimal model provides two parameters, which describe carbohydrate metabolism: insulin
sensitivity, which quantifies the sensitivity to insulin of tissue glucose utilisation, and glucose
effectiveness, which quantifies the effect of glucose levels per se on its disappearance. The need to
employ a model-based approach to analyse IVGTT data is due to (i) the dynamic nature of the glucose
and insulin data and (ii) the delay in insulin action.

Although employed in numerous studies [5-9], it has been argued that the original minimal
model approach has been used far less than might be expected from its potential value [10].
Elaborating on the original minimal model, two different approaches have been suggested to advance
its performance. First, modified IVGTT protocols have been developed using either tolbutamide
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injection [11] or insulin infusion [7,8] to enhance the resolution of the insulin effect on glucose disposal.
Second, the labelled minimal model using either a radioactive tracer [12] or more recently a stable-
isotope tracer [10] have been developed. The former methods improve the precision of parameter
estimates [13] and allow the parameters of the minimal model to be estimated in subjects without
endogenous insulin secretion (the insulin-modified IVGTT protocol) but do not separate glucose
disposal from glucose production. The latter methods separate the two processes and improve
substantially the precision of parameter estimates [10,12]. A good correlation was obtained between
insulin sensitivity estimates obtained by the minimal model and glucose clamp [14]. Simulation studies
have been used to evaluate minimal model performance. It appears that minimal model insulin
sensitivity underestimates true insulin sensitivity and that glucose effectiveness overestimates true
fractional clearance rate [15].

Recently, a new stable-isotope tracer (stable-label) two compartment model of glucose
disappearance has been suggested and evaluated [16,17]. The central compartment represents
glucose in the accessible (measurable) pool, the peripheral compartment represents glucose in the
non-accessible pool. Unlike the (one compartment) minimal model, the two compartment model
provides plausible estimates of hepatic glucose output during IVGTT due to the adoption of a more
realistic structure of glucose kinetics [18]. It also provides estimates of insulin sensitivity and plasma
clearance expressed in the same units as indices from glucose clamp studies. However, compared to
the minimal model, limited information is available about the performance of the two compartment
model [15].

3.2. Glucose clamp

Glucose clamp is the gold standard method to measure insulin sensitivity developed by
Andres et al [19] and further developed by DeFronzo et al [4].

During the glucose clamp, plasma insulin concentration is raised by a constant (primed)
insulin infusion while glucose concentration is maintained at euglycaemia (euglycaemic clamp),
ambient glucose level (isoglycaemic clamp), or at hyperglycaemia (hyperglycaemic clamp) by a
variable exogenous glucose infusion. After reaching the (quasi) steady-state usually within 90 to 180
minutes, the rate of glucose infusion (M-value), which maintains the desired glucose level, is taken as
an index of insulin sensitivity.

Early assumptions were made that exogenous insulin fully suppresses hepatic glucose
production and thus that M-value is identical to peripheral glucose uptake. This assumptions has been
shown invalid at least in subjects with Type 2 diabetes [20] and doubts prevail about the insulin levels
needed to suppress HGP.

The use of isotope dilution methodology is able to determine HGP during the clamp. This
allows the peripheral glucose uptake Rd to be correctly estimated. The calculations can be carried out
with a variety of models ranging from the original Steele's one compartment model [21] to Mari's two
compartment model [22]. The latter approach provides more accurate estimates due to the adoption of
a more realistic model of glucose kinetics. However, the calculation process can be made model-
independent with the adoption of specific activity clamp (or tracer-to-tracee clamp in case of stable
isotopes).

Although the gold standard technique, the glucose clamp is the most experimentally
demanding procedure. The successful performance of the clamp depends on number of factors
including cannulation of both hands for the delivery of infusates and for regular sampling (including
real-time measurement of plasma glucose), the use of an algorithm to calculate exogenous infusion
rate, sampling of arterialised blood (due avoid the effect of A-V glucose difference), the use of well
calibrated infusion pumps.

The major advantage of glucose clamp is that indices of insulin sensitivity have unequivocal
physiological interpretation. Glucose uptake can be measured, in principle, at any combination glucose
and insulin levels and the whole dose-response curve generated. The opponents of the procedure
argue on the grounds of the non-physiological nature of the experiment, which requires infusion of
considerable amount of substrates (glucose and insulin).

3.3. Insulin suppression test

The insulin suppression test is a reverse clamp. An exogenous glucose infusion is kept
constant while glucose concentration is allowed to vary during a constant insulin infusion. The steady-
state concentration of glucose is then taken as an index of insulin resistance.



Insulin suppression test normally induces hyperglycaemia, which stimulates endogenous
insulin secretion. Thus, a concomitant infusion of somatostatin is usually delivered to suppress the
secretion. There are other possible suppressors such as adrenaline, which can be used instead of
somatostatin. The choice is dictated by practical issues and although by the need to avoid a side effect
on glucose clearance.

The insulin suppression test is not a widely used technique. The "sensitivity" index, i.e. the
resulting hyperglycaemia, is difficult to interpret from the physiological point of view. There is also a
possibility that glucose concentration does not reach its plateau within the preset experimental time. In
insulin sensitive subjects, glucose can decrease below basal level. On the other hand, in insulin
insensitive subjects, glucose can increase above the renal threshold and lead to glucosuria.

3.4. Insulin tolerance test

The insulin tolerance test was the first method to evaluate insulin sensitivity [23]. The test is
based on the measurement of the decay of plasma glucose after a bolus injection insulin (normally 0.1
U/kg body weight).

The decrease during the time 10 to 40 minutes after the bolus evaluated as a rate (slope) on a
logarithmic scale gives the insulin sensitivity index. This approach implicitly assumes a single
compartment model of glucose and that insulin injection stimulates glucose efflux from the
compartment. The index has been found correlated with indices obtained with the glucose clamp
technique. However, the value of the index depends on the evaluation period. This can be informally
explained by the fact that the index represents an "average" fractional removal of glucose and that the
bolus insulin injection results in temporal changes in the fractional clearance rate.

The major problem of the test is hypoglycaemia, which presents both undesired subject's state
but also can alter the insulin sensitivity index through the involvement of metabolic processes
associated with glucose counter-regulation.

3.5. Homeostatic Model Assessment and Constant Infusion of Glucose Model
Assessment

The homeostatic model assessment (HOMA) [24] and constant infusion of glucose model
assessment (CIGMA) [25] approaches employ a model-based approach to provide a scaling factor (1
= normal) indicating the relative insulin sensitivity and beta-cell function.

The HOMA method is the simplest method among all methods measuring insulin sensitivity. It
calculates insulin resistance from fasting plasma glucose and fasting plasma insulin. Clearly, fasting
levels are influenced by a number of factors and therefore the accuracy of the method is limited.
However, HOMA can be used as a supportive tool or in large population studies where reduction in the
accuracy is compensated by a large subject cohort [26,27].

The CIGMA method processes glucose and insulin concentration after 1 hour intravenous
glucose infusion employing a more elaborated model of glucose metabolism. CIGMA is a form of a
simplified, shortened hyperglycaemic glucose clamp. Like HOMA, CIGMA provides results which do
not have immediate physiological interpretation and are, largely, model dependent.

4. REPRODUCIBILITY

Reproducibility and repeatability are essential characteristics of any usable measurement
method. Normally, the reproducibility assessment employs two critical measures. The within subject CV
indicates the expected variability when making replicate measurements in one subject. The within subject
variation as % of total variation puts the within subject variability within the context of the overall variability
[28]. For a variable to be highly reproducible and able to discriminate between subjects, both measures
should attain a low value (say < 20%).

Here we comment on reproducibility of the minimal model and glucose clamp, which employ
stable-label glucose compounds.

Reproducibility of parameters of the labelled minimal models is better than that of the
unlabelled unmodified model. Reproducibility of labelled insulin sensitivity indices is acceptable in
healthy subjects (within subject CV 17% vs. 19%) [17].



The reproducibility of insulin sensitivity and glucose effectiveness provided by the stable-label
unmodified (one compartment) minimal model is comparable to the reproducibility provided by the
unlabelled tolbutamide-modified (one compartment) minima! model in normal subjects. Within subject
CV of 20% for S, has been reported [13]. This confirms the logical expectation that the modified
protocols improve reproducibility of insulin sensitivity (but not reproducibility of glucose effectiveness).
Ferrari et al [29] also reported highly reproducible estimates of insulin sensitivity with the tolbutamide-
modified IVGTT using the unlabelled (one compartment) minimal model in normal subjects.

The critical question is the performance of these models in impaired glucose tolerance at
various diabetes states and especially in Type 2 diabetes. Current evidence suggests that the
modification of IVGTT by insulin is essential for a good performance in Type 2 diabetes. The insulin-
modified unlabelled IVGTT has been successfully employed in Type 2 diabetes and a good
comparison with glucose derived clamp indices has been obtained [14]. Avogaro et al [30]
documented an improved precision of estimates of insulin sensitivity in Type 2 diabetes with the use of
labelled glucose. Whether the improvement justifies the use of labelled glucose is difficult to assess
but the ability of the labelled models to discriminate between glucose uptake and production may
influence the decision in certain applications, e.g. in the assessment of peripheral sensitivity.

The reproducibility of glucose clamp is comparable to that of the minimal model. Within subject
CV of 11% and 19% were reported for M-vaiue and Rd [31]. The within subject variance as % of total
variance was higher for the two indices but still acceptable (18% and 30%).

It is also beneficial to compare reproducibility of insulin sensitivity with that of hepatic glucose
production. Wolfe et al [32] reported intra-subject variability of 4.7% in 12 normal male subjects who
underwent the assessment of HGO on three to four separate occasions using 6-3H-glucose. Robert et
al [33] observed 5% and 7% day-to-day variation in HGO in young and elderly subjects respectively.
Similar results were obtained in healthy male subjects [34].
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APPENDIX

This appendix provides further details about the minimal modelling approach. It shows formal
treatment of mathematical description of three models, the unlabelled minimal model, the labelled
minimal model, and the two compartment labelled model. It also describes the approach to calculate
hepatic glucose production.

1. Unlabelled Minimal Model of Glucose Disappearance (One Compartment Model)

The unlabelled minimal model of glucose disappearance is described by two differential equations

dg(t) I dt = ~[px + x(t)]g(t) + pxgb g(0) = g0 (A3)

dx(t) I dt = -p2x(t) + p, [i(t) - ib ] x(0) = 0 (A4)

where g(t) is plasma concentration of total (labelled and unlabelled) glucose, i(t) is plasma insulin
concentration, x(t) is a variable associated with the remote insulin compartment, g^ is basal glucose

concentration, iD is basal insulin concentration, and p^, P2, P3 and gg are model parameters. Insulin

sensitivity is defined as a ratio Sj = p3/ p2, glucose effectiveness as SG = px.

2. Stable-Label Minimal Model of Glucose Disappearance (One Compartment Model)

The stable-label minimal model of glucose disappearance consists of two differential equations

dg (t) I dt = -[/>,* + x(t)] g (0 g' (0) = g0 (A5)

dx(t) I dt = -p'2 x(t) + p*3 [i{t) - ib ] x(0) = 0 (A6)

where g*(t) is plasma concentration of 6,6-2H-glucose, p*,, p*2, p*3 and g*0 are model parameters.
Insulin sensitivity is defined as a ratio S] = p\l p*2, glucose effectiveness as S*G = /?* .

3. Stable-Label Two Compartment Model of Glucose Disappearance (Two Compartment Model)

The stable-label two compartment model of glucose disappearance during an IVGTT is described by a
set of differential equations

: D (A7)

dq2 * ( 0 / dt = -[k02 + x(t) + fc,2 ] q*2 (t) + k21q* (t) q2 * (0) = 0 (A8)

x(0) = 0 (A9)

(A10)

where q*, and q*2 are masses of the tracer glucose in the two compartments, V, is the volume of the
accessible compartment, kp is the proportional term of glucose disposal, k21, k12, and k02 are fractional
rate parameters, ka and kb have similar meaning as p*3 and p*2 of the one-compartment stable-label
minimal model, F01 is the constant component of glucose uptake (fixed at 1mg/kg/min [35]), and D* is
the administered dose of the tracer glucose. The proportional term of glucose disposal kp is
constrained to produce insulin-independent utilisation three times higher than the insulin dependent
utilisation at the basal glucose concentration (gb) and the basal insulin concentration (ib)

kp=3k2xkO2 /(k02 +kl2))-Fm l{Vxgb) (A11)

guaranteeing theoretical identifiability of the model [16].

Basal clearance rate PCR, fasting hepatic glucose output HGOb, and insulin sensitivity index S',b
(S'lb=8PCRJd\ |i=ib) are calculated as
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PCR = Fm lgb + Vxkp + Vxk2lk021 (hi + *,2) (A 1 2)

HGOb=gbPCR (A13)

S\ = Vxk2XknkB /(kb(k02 +k]2)
2) (A14)

4. Hepatic Glucose Output

Hepatic glucose output can be estimated using the labelled two compartment model with
reconstruction of the input function [17]. The plasma glucose component due to hepatic glucose output
(ge(t), endogenous glucose component) [36,37] is calculated prior to calculating HGO. The total
glucose concentration g(t) contains three components, the endogenous glucose component ge(t), the
unlabelled exogenous component gx(t), and the labelled exogenous component g*(t),

g(t) = ge(t) + gx(t) + g*(t)- (A15)

The last two components are due to the exogenous glucose injection. They are fixed at a ratio E, E=
g*(t)/gx(t), which is given by the enrichment of the glucose bolus administered at the start of IVGTT.
Solving Eq. (A15) for ge(t) we obtain that

(A16)

The calculation of the endogenous glucose component is model-independent and only an assumption
about the isotopic indistinguishability is made [38].

The relation between ge(t) and hepatic glucose output HGO(t) can be described by the integral
equation

gt(t)= \h{t,x)HGO{x)dz (A17)
-00

where h(t,x) is the (time-variant) unit impulse response of the unlabelled glucose system.

The impulse response h(t,x) is defined as a sum of two exponentials (a function of x) for t between two
sampling points, i.e. a piecewise linearisation at the sampling points of the two compartment model
was adopted,

h(t,x) = hi(x) = AlJe-KlX+A2Je^z for tt<t<tM, (A18)

where constants A,-,, Ai2, \i, and X,;, are determined from parameters of the two compartment model,
plasma glucose concentration, and predicted remote insulin (Eq. A9). Equations A7 and A8 can be
solved analytically for plasma glucose g(tj and remote insulin x(tj) and the unit impulse response of
tracer glucose system g'(t) (Eq A10) expressed as a sum of two exponentials. The impulse response
of the tracee glucose system is identical to the impulse response of the tracer glucose system
assuming tracer indistinguishability.

The integral Eq. (A17) can be solved using a regularisation method with the regularisation component
consisting of the norm of second differences [16,39] to provide (piecewise constant) HGO(t). The
regularisation coefficient defines the amount of smoothing adopted by the regularisation method.
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Abstract

Studies in humans and animals have lent support to the theory that early undernutrition can
promote later obesity, non-insulin dependent diabetes, and coronary heart diseases. The
purpose of this study is therefore to investigate the effects of stunting, indicative of previous
malnutrition on the increase risk factors for these diseases. The population studied will be 100
school age boys and girls (8-10 y) divided into two groups: stunted (-1.0 to -2.5 z score ofheight-
for-age) but of normal weight-for-height (± 0.5 z score of NCHS); and control having normal
height-for-age and weight-for-height (± 0.5 z score of NCHS). Differences in body composition,
food intake, blood parameters (fasting glucose and insulin, glycosylated hemoglobin, glucagon,
salivary cortisol, triglycerides, high density lipoprotein cholesterol, free-fat acids and IGF-1) and
blood pressure will be evaluated.

1. SCIENTIFIC BACKGROUND OF THE PROJECT

1.1. Significance of overall problem

At the second half of this century a great increase in the urban population has occurred. This
fact was associated in developed countries with large scientific, technological and socio-economic
improvements. In developing countries, on the other hand, the urbanization process was not followed
by the same level of socio-economic progress. Instead, the accelerated growth of urban population
has lead to elevated poverty, bringing enormous social, nutritional, environmental and health
consequences as a growing number of individuals started living in shantytowns or overcrowded
slums, with limited access to basic living conditions, such as water and sanitation supply and
electricity, etc. In the city of Sao Paulo, for example, there was an increase of 252% in the shantytown
population between 1987 and 1993 [1]. At the same time, detailed information on trends in food
consumption are scarce. An increase in the fat-carbohydrate ratio in the diet may have occurred in
the Brazilian cities, as suggested by Monteiro, et al. [2]. In addition, there are some evidences of a
decrease in physical activity among Brazilians, as reflected in increased TV viewing [3,4], a factor
linked to obesity in developed countries [5]. Following this trend, the prevalence of malnutrition has
decreased and the prevalence of obesity has increased. A general analysis of the nutritional condition
of the Brazilian adult population during 14 years, from 1974 to 1989, revealed a markedly decrease in
the prevalence of malnutrition with a reduction of 36% among males and 37% among females [1]. At
the same time, an increase of 58% of overweight among males and 42% among females was
observed. Similarly, obesity has increased 100% in men and 70% in women during the same period
[1]. This trend, however, varies according to income. In a recent study in a shantytown population, we
have shown that higher body mass index (BMI) was associated with lower level of education [1].
Monteiro, et al. studying the Brazilian population as a whole described a higher increase in the
frequency of obesity among poor families than among higher income families, during the same period
[2].

While obesity is definitively increasing, mainly among poor people living in urban areas,
studies are finding remarkable increases in the prevalence of non-insulin dependent diabetes mellitus
(NIDDM) in Brazil. In a recent study on the global burden of diabetes, Brazil was listed among the
"Top 10" countries of the world, in terms of number of people with adult-onset (type II) diabetes. In
1995, Brazil had 4.9 million of adults with diabetes and it is estimated that this number will increase to
11.6 million in 2025 [6].

Death from cardiovascular diseases in Brazil is also increasing. It accounted for 14.2% of
causes of death in 1950; whereas 32.4% of deaths in Brazilian capitals were due to cardiovascular
diseases in 1989. It is also known that hypertension is highly prevalent in Brazil and is more frequent
among the poor population [7].
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While these epidemiological studies in Brazil are showing an increase in the prevalence of
obesity, NIDDM and cardiovascular diseases, in general, some have also pointed to a higher increase
among the iow income population. A number of studies in the literature have, in fact, associated these
diseases among other causes with malnutrition in early life as described below. The purpose of this
study is therefore to investigate the effects of stunting, indicative of previous severe malnutrition, on
the increase of risk factors for obesity, NIDDM and coronary heart disease (CHD).

1.2. Related work already performed or in progress at other institutes

Some studies in humans and animals have supported the theory that early undernutrition can
promote later obesity, as reflected in the increased incidence of obesity observed in men whose
mothers suffered food deprivation during pregnancy during the 2nd World War Dutch Famine [8].
Consistent with this observation, studies in rodents with intrauterine undernutrition, by us and others,
have shown a subsequent occurrence of hyperphagia and body fat accumulation in early adult life
[9,10]. Recently Popkin, et al. have shown an association between stunting and overweight in
children in Russia, China and South Africa, all countries undergoing nutritional transition [11].

In addition, a number of studies have now demonstrated that babies who are small at birth or
during infancy have increased rates of cardiovascular disease and NIDDM as adults. Examination of
men and women in different populations in Britain has shown that low growth rates up to the age of
one year are associated with increased prevalence of known risk factors for cardiovascular disease,
including blood pressure and plasma concentrations of glucose, insulin, fibrinogen, factor VII, and
apolipoprotein B [12]. Infants who are short at birth as a result of a long period of maternal
undernutrition may have persisting defects in their growth hormone and IGF axis. They have
exaggerated responses to growth-hormone-releasing factor and lower IGF-1 levels suggesting a
degree of growth hormone resistance [12]. Postnatally the growth-hormone axis influences
cardiovascular function. Fetal blood pressure may be partly regulated by cortisol, as the growth-
retarded human fetus has high plasma cortisol concentrations and these could initiate adult
hypertension [12]. Fernald & Grantham-McGregor have recently shown that stunted children had
higher salivary cortisol concentrations, higher heart rates during a psychologic test session, and
exhibited enhanced cardiovascular responsivity to a physical stressor. Also, impaired B-cell
development is a feature of intrauterine growth retardation [13]. The impairment may possibly be due
to the lowering of IGF-1 concentrations associated with hypoglycemia, or to growth hormone
resistance [12]. Findings of a relationship between early poor nutrition and increased risk of NIDDM
were confirmed in Pima Indians [14], Ethiopian Jews [15], and Mexican Americans [16]. Although the
cellular and molecular mechanisms for the relationship between reduced growth in utero and higher
risk of future NIDDM are not yet clear, a direct evidence of increased glucose and insulin
concentrations after two hours of a glucose load (indicating insulin resistance) was shown in people
born under the Second World War Dutch Famine [17].

1.3. Related work already performed or in progress at the institute

Our group at the Federal University of Sao Paulo has been studying the association between
malnutrition and obesity in low income population since the 80s. In 1995 we described a co-existence
of malnutrition and obesity in shantytown population in the city of Sao Paulo. In particular, this study
showed a high prevalence of malnutrition during childhood with a shift towards overweight and
obesity during adolescence and adulthood [18]. Moreover, a high prevalence of obesity associated
with stunting during adolescence has been found in a number of protocols over the years, indicating
that obesity could occur in an individual subsequent to growth faltering [18,19,20]. These findings
suggest that, at least in very poor populations where malnutrition is common, obesity may possibly be
occurring as a sequelae of malnutrition earlier in life. We have speculated that early malnutrition
results in a decrease in energy requirements may promote a tendency towards positive energy
balance when food availability improves, for example, when an increase in age permits the use of
food aid programs in school and improves the ability to search for food autonomously, as in the case
of street-children in Brazil [1]. The low energy requirements could in turn be due to conservative
physical movement (resulting in decreased total energy expenditure) as well as decreased resting
energy expenditure resulting from metabolic alterations including decreased protein turnover and
decreased concentrations of thyroid hormones. We have just finished a research protocol to
investigate these speculations.

The finding of a link between malnutrition and obesity led us to conduct another study to
investigate the underlying mechanisms for this paradoxical phenomenon. A 22-month prospective
research, partially supported by the IAEA agency, was then conducted to study 30 school girls (7-11 y
old) living in the shantytowns of the city of Sao Paulo in 1994-1995. 50% had mild stunting with
height-for-age below -1.4 Z score and the other 50% had normal height-for-age (above ± 1 Z score).
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One important finding was that there was a significant and positive association between the IGF-1
plasma level measured at baseline and the change in height-for-age during the 22-month foiiow-up
period. In addition, we found out that stunted girls had a higher waist-to-hip ratio than non-stunted
indicating central fat accumulation. Concerning the factors underlying the susceptibility to obesity
associated with stunting, we found that the relationship between dietary fat and change in weight-for-
height was significant in stunted girls but not in control girls. In conclusion this study raised the
question of whether girls who are stunted may be more susceptible to becoming overweight when
they consume a high fat diet than non-stunted girls, and this could be associated with low IGF-1
levels and high cortisol levels [21].

In the other research center associated with this project, the Human Nutritional Research
Center on Aging at Tufts University in Boston, United States of America, Co-investigator Dr. Susan
Roberts has specialized in understanding the mechanisms by which energy balance is normally
regulated. During the last 10 years Dr. Roberts has published extensively on energy requirements
and factors associated with increased risk of energy imbalance, including total and resting energy
expenditure and dietary intake [22,23,24,25,26,27,28,29,30,31,32]. As part of these studies she has
used stable isotopes to measure total energy expenditure and body composition. Recent studies from
her laboratory have additionally addressed the role of diet in influencing cardiovascular risk factors
including blood pressure and blood lipids [33]. She is thus well qualified to act as an advisor and co-
investigator in the current project, and to provide logistical support for isotopic measurements of body
composition.

2. SCIENTIFIC SCOPE OF THE PROJECT

2.1. Detailed research objectives

2.1.1. General hypotheses

As growth is a defining metabolic event throughout childhood, not just during the prenatal or
first year of life, impaired growth during childhood may have similar effects in later life to those
described in intrauterine malnutrition and thereby increases the risk for hormonal changes linked to
an increased risk of later obesity, diabetes and cardiovascular disease.

2.1.2. Specific hypotheses

a) Previous malnutrition as judged by height-for-age is associated with alterations in fat patterning
and circulating hormones such as insulin, glucagon, cortisol and IGF-1. These alterations in fat
patterning and hormone profile associated with early malnutrition promote future weight gain and
increases the risk of central obesity and NIDDM.

b) Previous malnutrition is also associated with alterations in plasma lipid profiles, such as high
triglycerides, low high-density lipoprotein cholesterol levels and hypertension. These alterations
increase the risk of cardiovascular diseases.

2.1.3. Specific aims

a) To recruit 100 girls and boys aged 12-17 years, Tanner stage 5, from the shantytown
population in Sao Paulo, Brazil. Half of this population will be of normal weight and height, and the
other half will be stunted. Parents of the two groups will be group matched for height to avoid the
possibility that genetic differences might confound the results.

b) To obtain measurements in this group of: body composition by deuterium dilution, and
anthropometry (including weight, height, skinfold thicknesses, and circumferences of waist, hip and
thigh). In addition, in a sub-group of 60 subjects (30 in each group) dietary intake by 7-day dietary
records will be obtained.

c) To obtain fasting blood samples for analysis for: insulin and glucose, glycosylated hemoglobin,
glucagon, triglycerides, high-density lipoprotein cholesterol, free fatty acids and IGF-1. In addition,
salivary cortisol will be measured at nadir. In a sub-group of 60 subjects an additional collection of
blood glucose and insulin will be obtained after 30 and 120 min of a glucose load.

d) To obtain systolic and diastolic blood pressure of all subjects.

e) The results will be analyzed to determine the effect of childhood stunting on the risk of future
NIDDM and CHD.
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2.2. Relationship of those objectives to present knowledge and other similar projects at
institute or elsewhere

The project described here will substantially increase our knowledge of the role of persistent
childhood malnutrition in the promotion of obesity, NIDDM and CHD later in life, in countries
undergoing nutritional transition such as Brazil. As described in Section 1, there is a substantial work
from studies in developed countries, as well as our own research on malnutrition and obesity, to
support the belief that long-term malnutrition has a programming effect on risk of obesity, NIDDM and
CHD. However, there are no definitive studies in chronically malnourished children that have been
able to demonstrate an association between malnutrition and risk factors for NIDDM and CHD in low
income countries. To our knowledge, this project will be the first of its kind and, as such, will provide
extremely important new information on the effects of previous malnutrition in the Brazilian adults and
increasingly ageing population. The overall goal of our studies is to provide an intellectual framework
for combating malnutrition induced-NIDDM and CHD in developing countries.

3. WORK PLAN FOR FIRST YEAR

3.1. Proposed methods or techniques

3.1.1. Subjects

The subjects in this study will initially be 100 boys and girls (Tanner stage 5) aged 12-17
years, who will be recruited from the shantytown population in Sao Paulo, Brazil. The chief scientific
investigator, Dr. Sawaya, has extensive experience of conducting nutritional studies on this
impoverished population, as described above, and there should be no problem with recruiting the
required number of subjects. All the subjects will be free from acute or chronic diseases, judged by a
standard health screening involving a physical examination by a physician and screening laboratory
tests (including a CBC, urinalysis and hematocrit), and will not be taking any medications. Half of this
population will be of normal weight and height (+ 0.5 Z score of NCHS centiles), and the other half will
be stunted (-1.0 to -2.5 Z scores) but of normal weight-for-height (± 0.5 Z score of NCHS). The
groups will be matched for age, weight-for-height and body mass index. In this way, the effects of
stunting, which reflects previous chronic undernutrition will be separated from the other factors that
potentially influence the variables to be measured. The mean heights of the parents of the two groups
will be comparable, to avoid the possibility of genetic differences in body size having an influence on
the study outcome. Informed consent will be obtained from the subjects and their parents prior to the
start of the study, and the study will be submitted to the Ethical Committee of the Federal University
of Sao Paulo.

3.1.2. Protocol

The study will be conducted over the first 1.5 years of the project. Subjects will be contacted
at home and invited to participate on the study by the research coordinator. The parent's weight and
height will be measured at home and they will respond to a socio-economic questionnaire. After
screening and given consent, the subjects will have their blood pressure, anthropometric
measurements and a fasting blood sample taken in one morning at Dr Sawaya's laboratory (girls will
be studied at the follicular phase of menstrual cycle). On the same day subjects will also receive a
dose of deuterium oxide for determination of total body water. After the dose, urine will be collected
during five hours. The subjects will then receive a standard breakfast and will be taught to collect for
three consecutive days a saliva sample between 11 and 12 PM for cortisol measurements.

In another morning a sub-group of 60 subjects will be taken to Dr. Sawaya's laboratory and
after an overnight fast will have a glucose tolerance test performed. The parents of these subjects will
then be told of the need for their children to maintain constant weight and eat normally for the next
week and will be given instructions on how they can assist the research coordinator and research
assistant in the collection of dietary data during the course of the next week.

3.1.3. Body composition

Each subject will have a measurement of body composition determined in the fasting state
using deuterium oxide dilution method. For this measurement, subjects will consume an oral dose of
0.05 g/kg body weight of 2H20 diluted in 30 ml of water and rinsed with an additional 30 ml of water.
Urine specimens will be collected at baseline, and 3, 4 and 5 hours after the dose is given will be sent
to Dr. Roberts at the Human Nutrition Research Center of Aging at Tufts University in Boston,
Massachusetts, USA. Abundance of 2H dilution of the isotope doses and the urine specimens will be
prepared for 2H/^ H analysis [34] and analyzed by isotope-ratio mass spectrometry (Hydra, Europa,
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Scientific). The deuterated water data will be processed using standard equations. Fat free mass will
be calculated as the overestimation of total body water by 2H20 [35] and 0.732 is the average
hydration coefficient of fat free mass [36]. Fat mass will be calculated as the difference between body
weight and fat free mass. Although the correction factors used to determine body fat from 2H20
dilution may be object of error, there are no other factors that are definitively better and in addition
there is no reason to suppose that the factors will differ between the two groups of subjects that are
being studied.

Standard anthropometric measurements will be made in the fasting state. Each measurement
will be made in triplicate: weight on a beam balance to ± 100 g, height using a stadiometer measuring
to ± 1 mm, circumferences of the waist, hip, mid-upper arm and thigh using a tape measure reading
to + 1 mm, and skinfolds at four sites (triceps, biceps, suprailiac and subscapular) to ± 1 mm (Lange
calipers).

The measurements will be made on the left side of the body as appropriate. Dr. Sawaya has
extensive experience with making anthropometric measurements in Brazilian children and
adolescents.

3.1.4. Food intake measurements

All food and beverages consumed by a sub-group of subjects from the two groups, normal
and stunted (n = 60), will be recorded by the research coordinator and research assistant, who will
visit the homes three times per day to record weights and food types for each of the main meals and
obtain estimates of snack food consumption between meals. The research coordinator and research
assistant will use electronic scales and measuring cups to quantify amounts of each food consumed,
and macronutrient intakes will be calculated using a local food composition tables and a computer
software [37]. Dietary intake variables will be analyzed to compare values in the different groups. Dr.
Sawaya has extensive experience in the measurement of food intake in poor communities in Sao
Paulo. Funding is required only for entering food data into the computer.

3.1.5. Blood samples

A fasting blood sample of 20 ml will be collected and stored appropriately for analysis for
insulin and glucose, glycosylated hemoglobin, glucagon, triglycerides, high-density lipoprotein
cholesterol, free fatty acids and IGF-1. These analysis will be made using commercial RIA kits (Ciba-
Corning; Nichols Institute; Diagnostic Products Corporation, Roche Diagnostic Systems Inc.; ICN
Biomedical Inc.). Subjects will be instructed to collect saliva to measure cortisol levels. In addition, in
a sub-group of 60 subjects, a glucose tolerance test will be performed with collection of three blood
samples at fasted state and after 60 and 120 min. for glucose and insulin measurements. Dr. Sawaya
has extensive experience of these standard hormone assays, which she used in her Ph.D. at the
University of Cambridge as well as in subsequent studies, and will make the measurements in her
own laboratory.

3.1.6. Measurements of blood pressure

Systolic and diastolic blood pressures will be measured using an automated blood pressure
monitor in all subjects. Dr. Roberts has an extensive experience in these measurements and will
instruct the research coordinator and research assistant and help in the analysis of the results. We
are asking funds for Dr. Robert's trip to Brazil.

3.1.7. Statistical analysis

The number of subjects planned for this study (50 per group) was calculated using standard
power calculations to enable us to detect significant 15 percent group differences assuming published
information on within-group variability in the primary parameters, a 0.05 level of significant and power
of 0.80

We will use unpaired T-tests, multiple regression analysis, and graphical techniques to
explore the relationships between study groups (normal or stunted), body composition, hormone
profiles, and blood pressure. Dietary intake variables will be analyzed to compare values in the
different groups, and will also be used in multiple regression analysis so that differences in lipid and
other parameters between the groups can be assessed after accounting for possible differences in
dietary composition.
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3.2. Facilities presently available which would be used for the project

Dr. Sawaya has approximately 130 square meter of laboratory space within the Center for
Recovery of Malnutrition which is under her direct responsibility. In addition she has a nurse
technician specially trained to collect blood samples at the center. Blood analysis will then be
analyzed at the laboratory of the Endocrinology Department were Dr. Sawaya also works. At the
Center there is a collection of weighing scales for measurement of food intake. A stadiometer, Filizola
beam balance weighing scale, tape measures are available for anthropometry. There are 3 available
computers, 2 printers and an e-mail system which allows Dr. Sawaya and Dr. Roberts to
communicate.

Dr. Roberts shares the use of a Hydra, model isotope ratio mass spectrometer (Europa
Scientific) which will be used for the analysis of isotopic abundances at the Human Nutrition Research
Center on Aging at Tufts University in Boston, MA.
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Abstract

It has been found that children and adults in the Chilean population are getting obese in a
rapidly raising proportion. There is a cohort of children less than six years old, which are
regularly controlled by the Ministry of Health. From this information and studies carried out at
INTA, it is known that the prevalence is raising continuously. Unfortunately, this can not be
ascertained in adults where the nutritional situation is assessed only in small groups, which are
not representative of the general population. The problem with adults is that the healthy
population does not attend to the medical clinics unless they are already ill. The studies
conducted in Chilean adults have found that >40% of low socio-economic status (SES) women
are suffering from obesity. A intriguing aspect in our situation is that although sedentarism is
frequent in adult women (as a possible cause of positive energy balance), their intake is based
on a high proportion of carbohydrates (CHO) but not much fat (50-70 g on average). It may be
suggested that the excess CHO can be converted into fat through denovo lipogenesis but this
process is less important as cause of obesity in humans.

A more plausible cause of this problem is likely to be related to the diet. The oxidation hierarchy
of macronutrients shows that whenever CHO and fat are available, the former will be firstly
oxidised. This way, fat can be spared even when eaten in small amounts, accumulating in the
mid-long term. Another important dietary aspect is provided by its fatty acids composition that
according to animal studies, seems to modulate fat oxidation. In addition to these, glycemic
effects of CHO eaten in combination with the same meal can further potentiate fat storage.

This proposal aims to test the dietary effects mentioned above by using indirect calorimetry in
tandem with stable isotopes methodologies in a group of normal weight and obese women.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

Chile has been through the epidemiology transition and its population's lifestyle is now quite
comparable to developed countries. Within the many changes, diet and physical activity patterns
(found almost invariably associated to low SES groups in many societies). Obesity is highly prevalent,
reaching >40% in middle age women from low SES populations. The diet has been mainly based on
CHO (>60% of energy intake) based on foods such as pasta, bread and rice. The amount of fat on
average is no more than 25-27% of the energy intake. Other countries where obesity is equally
prevalent but with a higher dietary fat content seek these two characteristics as ideal.

Dietary components must be seen not only from the energy balance perspective but also from
the composition of the dietary macronutrients, especially CHO and fat. It is now known that different
CHO vary in their glycemic effects. The last FAO expert meeting on this nutrient has addressed this
topic. They strongly recommended assessing the glycemic index (Gl) of the usual foods and meals
since they vary depending on the combination of local foods and preparation. Another important issue
in this regard is the composition of fatty acids in the diet. It is known that their oxidation rates varies
according to chain length, number of double bonds and isomerism. For example, linoleic acid has a
high rate of oxidation compared to saturated fatty acids with the same chain length and isomerism.
Within unsaturated fatty acids, the n-3 family is readily oxidised compared with the n-6 family. The
same applies to fat mobilization. Literature on this topic comes mainly from animal studies and only
few from humans. Certainly more human research is required. The available information suggests that
the type of CHO and fatty acids in the diet can independently influence the metabolic route of the fuel
mixture. Furthermore, and more importantly, there is another effect of high Gl meals eaten in
combination with fat where both can potentiate the lipogenic effect of the other through insulin activity.
High levels of insulin will have an anabolic effect on fatty acids (theoretically more on saturated and
long chain fatty acids).

Given a positive energy balance, obesity can certainly develop this way. This situation can be
particularly valid for Chilean women with an apparently normal fat intake. In Chile, there is no national
nutrition survey or a follow-up of the changes in the fatty acid composition of the usual diet, much less
is known about the glycemic effect of meals. Effective dietary recommendations can be foreseen from
this study to prevent obesity and its associated comorbidities.
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Similar studies are conducted to assess the effect of the changes in the fatty acid w3/w6 ratio
of the diet and its effects on the expression of some genes related to energy metabolism [1]. Much
more has been done in the relation of dietary fatty acids and insulin resistance. Variations in serum,
liver and muscle arachidonic acid levels are found to be associated to lipogenesis and insulin action,
implying the role of this fatty acid in the energy substrate utilization [2,3,4]. Palmitic acid and other
saturated fats have been shown to promote insulin resistance in rats [5,6]. Linoleic acid and other
essential fatty acids are protective and facilitate the glucose clearance by the cells. [7,8]. The
mobilization of fatty acids from the adipose tissue and visceral mass has also been found to depend
on the type of fatty acid stored. The longer the chain length and the unsaturation degree, the easiest
the mobilization and oxidation of them in the body [9,10,11,12,13,14].

Studies performed in Chile have shown that obesity is highly prevalent on low SES >40 years
old women [15]. We have recently finished a study to describe the conditioning factors of obesity in
this group of women [16]. The variables measured were 24-hour dietary recall and food frequency
questionnaires, physical activity (heart rate monitoring and doubly-labelled water [DLW]), energy
expenditure (DLW) and resting metabolic rate under fasting conditions. The hypothesis was that there
were metabolic and behavioural differences between obese and normal weight women that can help
to explain their nutritional condition. The study compared a group of 21 obese and 21 normal women.
The main findings were that the two groups of women are equally sedentary, there were no alterations
in their resting metabolism, total energy expenditure by DLW is not finished yet but, based on the rest
of the data, no differences can be expected. Composition of the diet differed but not when corrected
by kilogram of body weight. Energy intake was similar to the estimated energy requirements in both
groups. The study allowed to obtain a valuable information on the number of meals per/day, food
composition of the main meals, and frequency of foods eaten at the different meal times. The total
amount of fat eaten ranged on average from 50 g in normal weight and 75 g in obese women. There
were no differences in the proportions of energy obtained from CHO, fat and protein which was 60, 25
and 15% respectively. Considering that the metabolic variables in this study have been obtained
during fasting, the next step within this CRP will be to assess the possible metabolic differences under
feeding conditions.

1.1 Detailed research objectives

This study aims to assess:

a) The fatty acid composition of the test meals and fasting plasma tryglicerides.

b) The energy and macronutrient content of the usual diet by measuring duplicate samples of one
day meals.

c) The substrate oxidation (or storage) of dietary CHO and fat in the usual meals by the combined
use of 13C substrates and indirect calorimetry.

d) The glycemic response (glycemic index, Gl) to the most common foods for breakfast.

e) The energy expenditure during resting metabolic rate (RMR) and free-living conditions (sub-
sample by DLW) to assess the energy expenditure, physical activity pattern and expenditure, and
body composition.

f) The usual dietary intake assessed by food recall and food frequency questionnaires.

g) The agreement between energy expenditure and intake from DLW measurements as a validation
of the food intake questionnaires.

h) Additional objective: To set-up a labelling system for 13C starch.

1.2 Hypotheses

a) The ratio of saturated fatty acid/polyunsaturated fatty acid (SFA/PUFA) in the diet is inversely
associated to the total and exogenous CHO oxidation.

b) The plasma SFA/PUFA will be higher in obese compared to normal women.

c) The previous responses will be further strengthened by a high glycemic index meal.
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2. METHODS

This project is a pilot study aimed to gather information about the dietary and metabolic
conditioning factors of obesity in a group of Chilean women. A challenge meal will be used to study
the effects on macronutrient's oxidation. Unfortunately, there is no adequate data on the possible
response of these women to the feeding regime to be used in the sample size calculations. Variability
in the plasma fatty acid profile in Chilean adults (unpublished) allowed to calculate a sample of 17
subjects per group.

2.1. Sample

Considering possible losses, 20 healthy, middle age (30-50 years old) women, will be divided
in two nutritional categories: normal weight defined as BMI 20-25 kg/m2 and obese 30-40 kg/m2.
Exclusion criteria will be the presence of any chronic disease such as diabetes, hypertension,
hyperlipemia and thyroid disorders. The sample will be obtained from a poor urban population in the
East Side of the city. For each obese woman a corresponding normal weight control will be studied.
The variables to be used for this matching will be age, smoking habits, occupation (housewife, manual
work, office work) and menopause (or oestrogen therapy), if present.

2.1. Methodology

The study is divided in five stages:

a) At home: Initial contact and first selection will be applied at the house level based on the
exclusion criteria.

b) At INTA: A medical examination will be performed to the pre-selected women to further exclude
any unidentified medical condition. On the same occasion, a glucose tolerance test will be
performed using 75g of oral glucose and two blood samples to measure glucose and insulin levels
(0 and 2 hours after the dose).

c) At INTA: Selected women will be invited to INTA to measure RMR and DLW dose (in a
sub-sample n=5).

d) At home: To apply the dietary intake questionnaires and fit the heart rate monitors on women. To
provide information and appointment for the next stage.

e) At INTA: Test meal, blood samples (fasting and post meal determinations of glucose levels for
glycemic index and fasting plasma fatty acids profile). Total body calorimetry during 12 hours.
Breath test for 13C analysis.

2.3. Procedures

a) Determinations of plasma glucose, insulin and fatty acid profile will be performed at INTA and
under fasting conditions. For the calculation of the glycemic index, plasma glucose will be
assessed from the antecubital vein every fifteen minutes during two hours following the test meal.
Calculations will be according to the last FAO Expert Committee on CHO [17]. The ratio of
SFA/PUFA will be calculated in the fasting plasma samples, composition of fatty acids of plasma
triglycerides will be assessed and compared with food intake data knowing that their composition
is a good sample of the present fat intake composition.

b) Resting metabolic rate will be assessed in fasting conditions and it will be used to calculate the
activity (TEE/RMR) ratio. The energy content of the test meal will be equivalent to 1/3 of the
measured RMR.

c) Free-living energy expenditure by DLW will be obtained by the multipoint method according to
Coward, et a/.[18]. Measurements will be performed in our own laboratory at a minimal cost.

d) Heart rate monitoring will be assessed in two non-consecutive occasions, recording the time and
duration of the major activities. Sleeping time will be specifically recorded since the heart rate
during this period is used as the unit to calculate the multiples of activity throughout the day.

e) Dietary intake will be assessed by questionnaires and by chemical analysis of CHO, fat, protein
and energy content in most frequent meals.

f) Dietary food quotient will be obtained as suggested by Black and Prentice, et al. [19]. This data
will be related to the respiratory quotient (RQ) obtained from the calorimeter and the composition
of the diet.
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g) Total CHO and Fat oxidation and storage will be obtained from the whole body indirect calorimetry
according to the formulae given by Elia, et al. [20].

h) Thermic effect of food will be calculated as the area under the curve compared to the pre-meal
energy expenditure values and the glycemic index of the meal.

i) Given the high costs of CHO and fat isotopes labelled with 13C, it is proposed to develop our own
label by growing wheat under a 13CO2 atmosphere as described by Harding, et al. [21].
Arrangements are being done to know all the details how to make enriched wheat to be used as
part of the CHO eaten within the test meal (wheat is the main source of CHO in our diet). On a
separate occasion, exogenous oxidation of 13C labelled palmitic acid will be assessed (in this
regard, the preferred substrates to test our hypothesis would have been oleic or linoleic acid but
this is impossible because of their high cost).

3. DETAILED SCHEDULE OF THE RESEARCH PROPOSED

3.1. First and second year

3.1.1. Testing of new methodologies

Duration 3-4 months. It will be necessary to test and standardise some of the methods
proposed such as the glycemic index and wheat enrichment with 13C. Reproducibility of these tests
needs to be assured before the start of the project.

3.1.2. Contacts and selection of the study group

Duration 3-4 months (simultaneous). Key persons are already available in the community.
They participate as our contacts and help in the subject's recruitment in conjunction with our field
personnel.

3.1.3. Data collection

Duration 12-14 months. Two persons will be recruited per month with the aim of ending their
data collection before other subjects are recruited. This is necessary because there are many
variables involved and it is difficult to find the control person to match the obese subject. At the same
time some of the laboratory analysis will be conducted in parallel.

3.1.4. Laboratory measurements and data analysis

Duration 3-4 months. Continuation of the analysis of biological samples. Statistical analysis of
the data and drafting of the papers.

3.1.5. Report writing, papers and other dissemination of results

Duration 3-5 months. To finish writing the papers and reports. Meetings with Scientific
Societies, Public (Ministry of Health and Education) and Consumers Associations.

3.2. Facilities at INTA, University of Chile

a) Built infrastructure: 10.000 m2. Laboratory of stable isotopes analysis and a calorimetry facility
room of 11 m3, including an equipped metabolic kitchen (total surface: 120 m2).

b) Mass spectrometers: 1) Hydra, continuous flow mass spectrometer for liquid and gas analyses of
C, H. O. N stable isotopes. 2) Tracer mass and a Roboprep unit for the analysis of gas and solid
samples. All of them from Europa Scientific, Crewe, UK.

c) Radio immune analysis equipment

d) HPLC and gas chromatography equipment (Hewlett Packard)

e) Calorimeter room (near completion) and a portable calorimeter (Sensor Medics 2900)

f) Body composition techniques: DEXA (Lunar), underwater weighing and total body water by
deuterium analysis

g) Freezers, refrigerators

h) Library and a scientific staff specialised in several areas of nutrition and basic sciences
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TABLE I. MEASUREMENTS AND METHODS

MEASUREMENT

Plasma glucose

Plasma insulin

Plasma fatty acids

Resting metabolic rate

Free-living energy
expenditure

Physical activity

Dietary intake

Total CHO and fat oxidation

Exogenous CHO oxidation

TECHNIQUE

Glucose tolerance test (GTT)

Glycemic index of test meal

RIA

HPLC

Short term indirect calorimetry

Doubly labelled water

D2O (0.05g/kg) and 18O

(1.74g/kgof10%H2
18O)

24-h heart rate monitoring

24-h recall and food frequency
questionnaire

Gas chromatography

Chemical composition of the
food samples

Whole body calorimetry

CHO and lipid oxidation and
storage

Thermic effect of food (TEF)

Wheat labelled with 13C

DETAILS/INSTRUMENT

75 g glucose, blood samples at 0
and 2 hours

Compared to glucose

Simultaneous with GTT

Fatty acid composition of plasma
tryglicerides

Sensor Medics 2900

Continuous flow mass
spectrometer, Hydra, Europa
Scientific. Urine collection for
fourteen days.

Polar Vantage

Previous and present dietary
intake

Fatty acid composition of test
meals

Macronutrient's dietary
composition. Food quotient

Instrumentation due to be ready by
May 1999.

Oxidation of 13C labelled starch
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A THREE-YEAR FOLLOW-UP STUDY ON RISK FACTORS FOR OBESITY AND NON-
INSULIN DEPENDENT DIABETES MELLITUS IN AGING POPULATIONS IN CHINA

GUANSHENG MA, Chinese Academy of Preventive Medicine, Institute of Nutrition and Food
Hygiene, Department of Student Nutrition, 29 Nan Wei Road, Beijing 100050, China

Abstract

Obesity is being recognized as a major public health problem of global significance. The
prevalence of obesity is increasing worldwide and also in China. Studies indicated that
obesity is the major risk factor for several chronic degenerative diseases including
cardiovascular disease, diabetes mellitus, and hypertension. However, the underlying
mechanism of obesity development and its relation to non-insulin dependent diabetes mellitus
(NIDDM) is not well understood. The major aim of the proposed research study is to
investigate the effect of energy intake and expenditure on body composition and obesity
development, and to identify obesity and NIDDM risk factors. This study will be conducted in
100 men and women aged 65 living in urban Beijing, China. 2-H and 18-0 will be used for
body composition and energy expenditure measurements, energy intake by a 3-day food
weighted method, physical activity level by questionnaire, insulin determinations by
radioimmunoassay (RIA). Demographic data of the subjects will also be collected. We
anticipate that the results of this study would help us understand the underlying mechanism
of obesity and the relation of obesity to NIDDM in Chinese aging population, so that effective
strategies can be identified for prevention and management of obesity and NIDDM.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

1.1. Demographic transition in China

The World Health Report draws attention to the fact that this is an era of population aging. China
is also becoming a society of aging. The total population in China is 12.36 billion which is almost one-
fourth of the world population in 1997 [1]. There were more than 1.1 billion population aged 65 and
over in 1996, which is 6% of the total population in China and about 20% of the total aging population
in the world [1].

Along with the development of socioeconomic, improvement of living standard and health care
system, the death rate decreased gradually since 1960 [1] while the life expectancy increased
dramatically since 1949. The life expectancy at birth for Chinese people was 35.6 years before 1949. It
increased to 68.9 years, 71.0 years in 1985 and 1997 respectively [2]. However, increases in life
expectancy mean little if health expectancy is not assured simultaneously.

1.2. Nutritional and epidemiological transitions in China

The pattern of food consumption in China has been subject to significant changes in the last 30-
40 years. According to the national statistics of food provision, while the consumption of plant foods
decreased, consumption of animal foods increased significantly from 1977-1987 [3] and the same
trend continues [4]. This change is more significant in urban areas as compared with rural areas.
There is also a shift of disease pattern along with the change of dietary pattern. Health statistical data
from National Statistics [5] show that in the last four decades, there has been a sharp decrease in
communicable diseases and simultaneously, a significant increase in degenerative chronic diseases.
The mortality rate of acute infectious diseases reduced by 98% between 1957 and 1990, but at the
same time, that of cancer, hypertension, coronary heart disease (CHD), and diabetes increased by
240%, 60%, 88%, and 169% respectively. The sum of mortality of cancer, cerebrovascular and
cardiovascular diseases now account for about 70% of the total deaths in urban areas, 50% in rural
areas in China. All the above data confirm that the transition of the dietary pattern has already affected
the health of the Chinese population, especially people in the urban areas.

1.3. Obesity in China

China in the early 1980s had the best population distribution of body mass index (BMI) in the
world but major BMI increases are underway, particularly with urbanization. According to results of
1992 China National Nutrition Survey, there were 23.1% of adult aged 20-45 in urban areas whose
BMI higher than 25 kg/m2. Using the definitions for overweight based on BMI [6] almost half of the
adult population in Beijing [7] and more than half of the elder population in urban Beijing are
overweight [8]. This trend is found also in school age children. The prevalence of obesity among
school age children doubled between 1985 and 1995 [9,10]. Obesity is now one of the major public
health problems in China.
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The economic costs of obesity are tremendous. In Australia [11], the direct costs of health care
attributable to obesity was A$395 million or 2 % of health care costs between 1989-1990. In
Netherlands [12], the estimated direct cost associated with overweight and obesity was one billion
Dutch guilders per year or 4 % of the total health care costs in 1991. In the U.S. [13], the estimated
direct cost of obesity was $45.8 billion dollars or 6.8 % of the health care costs in 1990. Although no
data available about the direct cost of obesity in China, it should be an astronomical figure.

The underlying causes of the increasing prevalence of obesity are not well understood. Energy
intake and physical activity are thought to be some of the major lifestyle factors that are involved [14,
15]. However, the contribution of each specific factor has not yet been identified. It has been
recognized that high levels of body fat have not been accumulated without energy intake being
unusually high or energy expenditure being unusually low, or a combination of these two options.
There have been cross-sectional, prospective and intervention studies in defining factor which
primarily determines energy regulation [16-23]. However, the results of these studies are conflicting
and have not yet permitted any general consensus over the relative importance of energy intake and
energy expenditure in the determination of body fat mass. Further study should be conducted to clarify
it.

1.4. Obesity and NIDDM

Many health hazards are associated with obesity [24]. Being obese can induce multiple
metabolic abnormalities that contribute to cardiovascular disease, diabetes mellitus, and other chronic
degenerative diseases [25]. Manson [26] and Lew [27] reported that increased risk of all-cause and
coronary heart disease mortality were associated with BMI. Study in USA [28] indicated that obese
individuals have a four time greater risk of developing hypertension as compared to lean people.
Colditz [29] found that early obesity increased risk of developing non-insulin-dependent diabetes
mellitus (NIDDM) and 88 to 97 % of NIDDM was attributable to their obesity. It is well established that
obesity is a significant risk factor for NIDDM in both men and women, but the specific mechanistic links
are not entirely clear.

1.5. Research Objectives

a) To investigate the effect of energy intake and expenditure on body composition in
Chinese aging population.

b) To investigate risk factors for the development of obesity in Chinese aging population.

c) To explore the relationship between obesity and NIDDM in Chinese aging population.

2. METHODS

2.1. Body composition and energy expenditure

2H and 18O will be used for estimating body composition and total energy expenditure [30].
Using isotope-ratio mass spectrometry according to established protocol will perform isotope analyses
[31].

2.2. Physical activity

Physical activity questionnaire will be used for collecting physical activity. The modified
questionnaire from Yale Physical Activity Survey for older adult [32] will be used in this study.

2.3. Dietary intake

Three-day (two weekdays and one weekend day) food weighed method will be used. The
dietary energy and nutrients intakes will be calculated by using the 1991 Chinese Food Composition
Table [33].

2.4 . Body fat distribution

Standard procedure [34] will be followed to measure subjects' weight, height, circumferences of
waist, hip and mid thigh. Waist-to-hip and waist-to-thigh ratio will be used as the index of fat
distribution.
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2.5. Serum insulin and leptin

Serum insulin and leptin levels will be assayed by using Radioimmunoassay [35].

2.6. Lipid profile

Lipid profile including plasma total cholesterol (TC), triglyceride (TG), high-density lipoprotein
(HDL), low-density lipoprotein (LDL), very low-density lipoprotein (VLDL), lipoprotein (a),
apolipoprotein (apo) A-l, and apo B levels will be analyzed in Institute of Nutrition and Food Hygiene
by using the established methods [36].

2.7. Blood pressure

Blood pressure will be measured on two study mornings with a random-zero
sphygmomanometer. Means of measurements on the two study days will be used in the analysis.

2.8. Blood samples

A single fasting blood sample of 20 ml will be drawn from each subject's vein for preparation of
plasma and serum, which will then be stored at -80 °C.

3. PROPOSED WORK

3.1. Finalize research protocol

This research protocol will be finalized after the first RCM meeting.

3.2. Recruitment and screening assessment

The subjects for this proposed study will be healthy men and women aged 65 years living in
urban areas of Beijing. Subjects for study will be selected from 2-3 urban districts in Beijing. To assess
the eligibility of chosen individuals for the study, a screening assessment will be carried out. The
following criteria will be required and it is anticipated that 800-1000 individuals will need to be
screened to obtain 100 eligible subjects who are willing to participate.

a) Individuals who have been living in this district for at least five years
b) Body Mass Index (BMI): BMI 18.5-24.9

3.3. Health history assessment

A health history questionnaire will be administrated by trained research staff. Individuals with a
history of any recent disorder that might influence body composition, including gastrointestinal
parasitic infestations, respiratory disorders, as well as wasting during the previous 12 months, will not
be considered to participate in this study. In addition, individuals taking medications and drugs known
to, or suspected of, influencing energy regulation will not be invited to participate.

3.4. Protocol

Following the mentioned above screening, a 7-day study will be conducted in each subject to
measure body composition, physical activity, and dietary intake. All measurements will be conducted
in the subjects' homes. The research staff will visit the subjects daily during the measurement period.
Body fat and fat free mass will be measured on day 1 of the study using the deuterium oxide dilution
technique. Physical activity data will be obtained throughout the 7-day period by a questionnaire
administrated daily that modified from Yale study [32].

3.5. Statistics

SAS software package will be used for the statistical analysis.
3.6. Timeline

Finalize research protocol 5,1999
Contact and select study site and population 6-7,1999
Screen subjects 8-9, 1999
Baseline survey 10-12, 1999.
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Abstract

Obesity and non-insulin dependent diabetes mellitus (NIDDM) are common in the Third Age
and increasing in Cuba. Among the life-style changes associated with increased prevalence
of obesity and its related disorders, diet and activity patterns are prime candidates. The
transition to this life-style model may induce a decrease in the energy needs. There is an
urgent need for tools which have been validated for measuring diet and physical activity in
nutritional studies in the developing world, but also a more urgent need for reference values
for the total energy requirements of healthy elderly people. Regular physical activity reduces
the likelihood to develop diseases that characterise the metabolic cardiovascular syndrome.
Previous studies done in Havana showed values of physical activity level (PAL) which are
lower than the reported for elderly subjects. Elderly people living in rural areas use to have
physical activity levels which differ from the observed in urban areas. With the purpose of
estimating the energy requirements, a group of 40 apparently healthy people older than 60
years of age living in a rural mountain community will be submitted to a medical,
epidemiological, dietary, anthropometric and insulin resistance study. Physical activity will be
determined by questionnaire and by the calculation of the PAL from the basal metabolic rate
(BMR) and total energy expenditure (TEE) measured with the doubly-labelled water method
(DLW). Associations with the prevalence of insulin resistance and obesity will be assessed.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

Estimates show that in year 2000, 41 million of elderly people will live in Latin America. In year
2025, 93.33 million of human beings will have more than 60 years of age. In countries like Cuba, Chile
and Mexico an accelerated ageing process is taking place and there is also a shift in demographic and
epidemiological outcomes that are linked to nutrition changes.

In Cuba the reduced mortality and fertility and a remarkable change in the age structure (Table
I) is coincident with an advanced stage of the epidemiological transition, where chronic diseases
appear simultaneously with deficitary diseases. These changes are often accompanied by a sedentary
lifestyle and a reduction of the TEE, which could promote weight gain.

A reduction in physical activity reduces obviously the TEE of the individuals. This is
considered an important factor in the reduction of the energy requirement in the elderly [1]. Cross-
sectional observations suggest that the transition from traditional to modern lifestyle may have induced
a decrease in daily energy expenditure of 1-2 MJ/d [2]. The regular participation in physical activity is
known to control the body weight, to reduce the glycogen stores and to increase sympathetic nervous
system activity, therefore a shift towards a sedentary lifestyle includes a reduction in the potential for
the regulation of the energy, carbohydrate and lipid metabolism; on that way the maintenance of the
energy and macronutrient balance can take place without an increase of the glucose and non-
esterified fatty acid concentrations.

Syndrome X, glucose intolerance syndrome or metabolic cardiovascular syndrome are terms
used to describe a cluster of disorders linked to insulin resistance with the potential risk of glucose
intolerance and eventual diabetes. The specific disorders found in the metabolic cardiovascular
syndrome include hipertriacylglycerolaemia, raised LDL and reduced HDL-cholesterol, hypertension,
central (intra-abdominal) obesity and reduced insulin secretion with impaired glucose tolerance, which
is an early and fundamental feature of the syndrome [3]. Physical activity reduces the likelihood to
develop diseases associated with excess circulating substrates that characterise the metabolic
cardiovascular syndrome. According to recent results, the TEE is a major determinant of the risk of
having this syndrome [4,5]. Some recent evidences are also presented which support the deficiency of
vitamin D as a possible risk factor of this syndrome [6]. Glucose intolerance is strongly associated with
low physical activity [7,8,9,10,11,12,13], however, in one of the prospective epidemiological studies,
which support this affirmation, a critical method has been used to quantify exactly the physical activity
and the TEE. The physical activity of the elderly in rural areas is usually higher.

The energy cost of the normal daily activities increases with age [14,15]. This reduced
efficiency may be one of the reasons of the slow down of older individuals, which also contributes to a
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negative energy balance, weight loss and some degrees of undernutrition. Coronary heart disease
(CHD), obesity and NIDDM, chronic diseases related with the ageing process and modifications of the
lifestyle often leading to circulatory failure are becoming a significant problem also in Cuba (Table II).
Modifications of the Cuban diet occurred in the 90s in relation to macro and micronutrients directly
related with the etiology of some of the most relevant chronic diseases in the health picture of the
country.

There exists an imbalance between energy intake and energy expenditure in elderly people.
The scientific evidence about energy requirement in the elderly is variable. This variability is often
generated by the data of energy intake and requirements, but most important than that is the diversity
of the physical activity patterns in the elderly population.

The changes of the BMR and physical activity are the most important components of the TEE.
BMR reflects the energy requirements for maintenance of the intracellular environment and the
mechanical processes of respiration and cardiovascular function. This account generally for 60-75% of
the TEE. [16]. The equation proposed by Shofield et al [17] and included in the report of the
FAC7WHO/UNU Expert Consultation [18] should be less appropriated for the elderly. BMR is generally
10-20% less in old people because of reduced muscle mass and increased fat mass with ageing [19].

The WHO, the US National Research Council and the Department of Health of the United
Kingdom have used the factorial method for the estimation of the energy requirements [20], but this
method underestimate the energy requirements basically because of the difficulty for the classification
and quantification of the physical activity. According to the last FAC7WHO/UNU Expert Committee
[18], the energy requirements should be preferably determined by the measurement of the TEE than
by the observation of dietary intakes. Of all the existing methods, the isotopic measurement of the TEE
in free living persons, using the doubly labelled procedure is the most accurate method at the present.

An evaluation of recent DLW studies in adults over 60 years of age of developed countries
have shown a PAL value of 1.61 for men and 1.63 for women. According to these results the energy
requirements of the elderly population should be underestimated by the international organisations
[21]. An analysis of 574 measurements of the TEE with the DLW method in elderly people of affluent
societies has shown a PAL value of 1.62 for women from 65-74 years of age and a reduction to 1.48
for women older than 75 years. The values for men were 1.61 and 1.54. This analysis included
persons with different levels of physical activity [22].

Using the DLW method a mean PAL value of 1.59 was measured in free living women of
Havana City in 1998. The data showed a great variability (Table III) [23]. The mean value did not differ
from the one used in the energy allowances for the Cuban population (1.60) [24].

Cross-sectional studies have shown an inverse association of physical activity with the
prevalence of clinical diagnosed diabetes mellitus [25,26]. Physical inactivity is proposed as a risk
factor for the incidence of diabetes, independent of body weight [27,28]. An association between
physical activity and diabetes has been found in elderly subjects [29,30].

2. METHODS

a) A random sample of 250 subjects older than 60 years of age from the rural community will be
invited to participate in the study.

b) Information about medication use, medical history, smoking habits and family history will be
obtained by means of questionnaires.

c) Health status will be assessed by medical diagnosis. Measurement of blood pressure.
Hypertension will be defined as blood pressure > 160/95 mm Hg and/or currently on treatment for
hypertension.

d) Body composition by anthropometry and bioelectrical impedance

e) BMR determined by ventilated hood (Deltatrac, Sensor Medics, USA) or estimated with the
Shofield equations

f) Energy intake measurements by the 3-day weighing method

g) Biochemical study:
• Blood samples taken at overnight fast (no food intake after 11:00 p.m., and 30 and 120

minute following oral glucose. Plasma glucose measured using the hexokinase (E.C.
2.7.1.1) method.
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• Insulin resistance diagnosis by Galvin Index. Glucose tolerance test and insulin
measurements by RIA.

• Serum cholesterol (Bayer Diagnostics, Basingstoke, Hants, UK).
• HDL-cholesterol (Low HDL-cholesterol defined as being < 0.91 mmol/l in men and < 1.17

in women)
• Triglycerides (Hypertriacylglycerolaemia defined as fasting serum triacylglycerol of > 2.82

mmol/l)
• LDL-cholesterol calculated according to the Friedewald formula

3. PROPOSED WORK

Approximately 250 elderly people of the mountain community "Las Terrazas" in western Cuba
will be selected for the study. The population of that community differs from Cuban elderly people:

a) they are classified as rural inhabitants of Cuba but they live in a concentrated area in the
mountains with most of the facilities of urbanisation.

b) they use to work in activities related with ecological tourism and reforestation

c) labours related with the assistance of an ecological reserve; their physical activity level is usually
higher than that of the elderly people living in Cuban cities.

The selected elderly subjects will be submitted to a medical, epidemiological and
anthropometric study. In 40 of them, classified as apparently healthy, the physical activity will be
assessed once by a questionnaire or by the direct measurement of their PAL values. TEE will be
measured by the DLW method and BMR by ventilated hood or estimated with the Shofield equations.

The aim of the study will be the evaluation of the energy requirements of apparently healthy
elderly people living in rural areas where the PAL values should be higher. A comparison of the
incidence of obesity and insulin resistance will be made according to the physical activity levels
estimated by questionnaire or by the direct measurement of the PAL values. Associations of the
incidence of insulin resistance and obesity with low sustained or short vigorous physical activity will be
evaluated.
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TABLE I. CUBAN POPULATION BY AGE GROUP (1997)

AGE GROUP

0 - 4

5 - 9

10-14

15-19

20-24

25-29

30-34

35-39

40-44

45-49

50-54

55-59

60-64

65-74

75-84

85y +

TOTAL

GLOBAL VALUES

Total

740 223

896 698

808 514

709 031

956 015

1 124 731

1 133 625

793 956

690 482

663 229

593 866

498 572

389 497

591 927

340 911

107 325

60y +

11 038 602

%

6.7

8.1

7.3

6.4

8.7

10.2

10.3

7.2

6.3

6.0

5.4

4.5

3.5

5.4

3.1

1.0

13.0

100.0

MALES

Total

382 088

460 526

413 879

362 362

483 656

566 358

564 201

393 511

340 495

327 482

292 073

247 945

193694

291 491

161 383

48 102

5 529 246

%

6.9

8.3

7.5

6.6

8.7

10.2

10.2

7.1

6.2

5.9

5.3

4.5

3.5

5.3

2.9

0.9

12.6

100.0

FEMALES

Total

358 135

436 172

394 635

346 669

472 359

558 373

569 424

400 445

349 987

335 747

301 793

250 627

195 803

300 436

179 528

59 223

5 509 356

%

6.5

7.9

7.2

6.3

8.6

10.1

10.3

7.3

6.4

6.1

5.5

4.5

3.6

5.5

3.3

1.1

13.5

100.0

TABLE II. MORTALITY RATES BY CAUSES IN CUBA (1970-1997) (ALL AGE GROUPS) (RATES
per 100 000 inhabitants)

Disease

Heart diseases

Malignant Tumours

Cerebrovascular diseases

Accidents

Influenza and Pneumonia

Vascular Diseases

Diabetes mellitus

Suicide

Cirrhosis and other chronic liver diseases

Bronchitis, emphysema, asthma

Code Nr

410-14

410

430-8

-

140-208

-

250

-

571.3-9

-

1970

148.6

98.9

60.3

36.1

42.1

23.0

9.9

11.8

6.7

12.5

1980

166.7

106.6

55.3

38.0

38.6

23.5

11.1

21.4

5.8

7.0

1990

173.6

114.9

56.9

43.0

25.5

-

19.1

18.4

7.8

9.8

1996

206.3

137.4

72.2

51.6

40.4

31.9

23.5

18.3

8.4

9.4

1997

197.1

137.6

69.2

49.4

45.3

31.0

18.4

18.4

8.5

6.6
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TABLE III. DIETARY ENERGY ALLOWANCES FOR CUBAN WOMEN (60-70 years of age). TEE
CALCULATED ACCORDING TO FAO/WHO/UNU 1985 [16]. TEE MEASURED BY THE DLW-
METHOD. PAL Values. (Collaborating study between the Institute of Nutrition in Havana and
the School of Human Nutrition and Dietetics of the Me Gill University, Montreal, Canada, Feb.
1998)

Subject

A

B

C

E

G

I

J

L

M

N

P

Mean ±
SD

Median

Interval

Age
(years)

67

65

61

62

67

63

67

67

67

70

69

Cuban
Daily
Energy
Allowance(1)

(BMRX
1.60)
(MJ/d)

8.56

8.19

8.36

7.32

7.92

7.28

8.43

6.84

7.05

6.96

7.43

7.67 ±

0.64 (a)

7.42 (a)

6.83 - 8.56

BMR(a)

(MJ/d)
[15]

5.3504

5.1224

5.2250

4.5752

4.9510

4.5524

5.2668

4.2750

4.4042

4.3510

4.6436

4.79 ± 0.4

4.64

4.28 - 5.35

Energy
Intake
(MJ/d)

4.28

3.05

5.72

3.97

8.20

4.36

5.92

6.54

5.67

5.46

8.85

5.63 ±

1.76 (b»

5.67 (b)

3.05-
8.85

Daily Energy
Allowance
FAO/WHO/UNU
1985
(BMRx1,51)
(MJ/d) (21)

8.09

7.73

7.89

6.91

7.48

6.87

7.95

6.46

6.65

6.57

7.01

7.24 ±

0.60 (a)

7.01 (a>

6.45 - 8.07

TEE by
the DLW

method
(MJ/d)

6.86

6.34

8.56

8.74

7.24

5.88

8.59

7.89

6.75

5.90

10.51

7.57 ±

1.43(a)

7.2 (a)

5.88-
10.51

PAL
Value
(TEE/BMR)

1.28

1.24

1.64

1.91

1.46

1.29

1.63

1.84

1.53

1.36

2.26

1.59

1.24 - 2.26

(Means with different superscripts are significantly different a = 0.05)

1Recommended Dietary Allowances for the Cuban Population [24].
aBMR (MJ/d) = 0,038 (kg body weight) + 2,755 [18].
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Abstract

There is a growing epidemic of insulin resistance syndrome (IRS) in Indians. We postulate that
increased susceptibility of the urban Indians to insulin resistance is a result of a tendency to
increased fat deposition from the time of intrauterine life (thrifty phenotype), exaggerated in the
urban environment by a positive energy balance. The pro-inflammatory cytokines secreted by the
inflammatory cells as well by the adipose tissue could aggravate insulin resistance and
endothelial damage and therefore, increase the susceptibility to type 2 diabetes and coronary
heart disease (CHD) independent of the previously proposed glucose fatty acid cycle
mechanism.

In a preliminary study, we propose to make detailed measurements of the proposed mechanisms
in a selected population from 3 geographical locations in and near the city of Pune, India and
also validate simple 'epidemiologic' measurements of body composition with 'reference'
measurements. One hundred men (30 to 50y) each from the three geographical locations (rural,
urban slum-dwellers and urban middle class in Pune) will be studied for:

Body composition: Anthropometric and bioimpedance measurement of total body fat (to be
calibrated against deuterated water in 30 subjects from each location), and muscle mass by
anthropometry and urinary creatinine excretion.

Body fat distribution by subscapular- triceps ratio, waist-hip ratio.

Metabolic: Glucose tolerance and insulin resistance variables (insulin, lipids, NEFA) and leptin.

Endothelial markers: e-Selectin and von Willebrand Factor (vWF).

Inflammatory markers and pro-inflammatory cytokines: C-reactive protein (CRP),
lnterleukin-6 (IL-6) and tumour necrosis factor (TNF- a)

Energy Balance: Assessment of nutritional intake (calories, carbohydrates, proteins and fats, n3
and n6 fatty acids) and physical activity by a questionnaire.

Insulin resistance variables, endothelial markers, cytokines and obesity parameters will be
compared in the 3 groups. Energy intake and physical activity will be related to obesity
parameters and n3 and n6 fatty acid intake will be related to inflammatory markers. Multivariate
analysis will be used to explore the independent contributions of levels of circulating cytokines
and of obesity to insulin resistance syndrome variables and endothelial markers, controlling for
place of residence.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

1.1. Diabetes epidemic in Indians

There is an epidemic of Type 2 diabetes and CHD in Indians both in India and abroad [1,2].
Between 1989 and 1995 there was a 40% increase in the prevalence of diabetes in the city of Chennai
(Madras) [3]. It is postulated that by the year 2015 India will have the highest number of diabetic
patients anywhere in the world and that CHD will be the leading cause of premature death in India.
There is a striking excess in the prevalence of these conditions in urban compared to rural Indians [4],
and in Indian migrants compared to local populations viz. white Caucasians in the U.K. [5]. In a recent
study of 38-year old fathers of 8-year old children in urban Pune we found that 8% were diabetic and
16% impaired glucose tolerant (IGT) in middle class and 12% were diabetic and 18% IGT in slum
dwellers, while in another study in a nearby village (Pimpale Jagtap) only 4% of those >40y of age
(mean 55y) were diabetic and 4% had IGT (unpublished observations). These observations imply a
future risk of a major public health crisis with continuing, rural to urban migration and progressing
aging of the population due to increasing life expectancy. The cause of this 'epidemic' is not clear but
rapid lifestyle change in a population with high genetic susceptibility (thrifty genotype) [6], or
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programmed by early life growth retardation (thrifty phenotype) [7] are two, not necessarily mutually
exclusive possibilities. Yet the rapid changes in incidence of these conditions with migration from rural
to urban areas imply additional powerful environmental influences on risks operating in adult life. The
main environmental determinant of both diabetes and CHD is obesity particularly of the visceral or
central distribution [4,8] believed to result from an imbalance between energy intake and expenditure
consequent upon inappropriate changes in diet and lifestyle. Obesity is thought to operate by
increasing insulin resistance which is associated with future risk of both type 2 diabetes and CHD [9].

1.2. Insulin resistance syndrome in Indians

The KEM Hospital Diabetes Unit has been actively involved in characterising the phenotype of
Indian Type 2 diabetic patients and in studying the determinants of the insulin resistance in Indians. In
summary; we have shown that more than a third of our urban Type 2 diabetic patients are diagnosed
below 35y of age, they are relatively thin (mean BMI 23.9 kg/m2) but centrally obese (high waist-hip
ratio (WHR) and subscapular/triceps ratio) [8]. They are hyperinsulinemic and insulin resistant as
suggested by high circulating NEFA and TG concentrations [15]. Plasma insulin concentrations are
also related to blood pressure [16]. While our own data supports the role of early growth retardation as
predisposing to insulin resistance; there seems to be a synergy between early life experiences and
later life energy balance. We have shown that those who are born small but grow big are the most
insulin resistant both at 4y of age [17] and at 8y of age (unpublished), suggesting that the risk of
energy imbalance is exaggerated in those born small (energy adaptation mal-adaptation syndrome
(ENAMAS)) [18]. In residents of the village Pimpale Jagtap (mean BMI 19.1 kg/m2), prevalence of
glucose intolerance, hypertension and 'ischaemic' electrocardiogram was highest in men in the upper
quartile of BMI (mean 22.2 kg/m2). The exaggerated risk of IRS in Indians at a relatively lower BMI is
perhaps due to excess fat mass for a given BMI [19,20] coupled with their tendency to deposit fat in
the metabolically 'detrimental' abdominal tissues [21].

We have made several relevant observations which give important clues that could help explain
the high prevalence of IRS in Indians.

a) In a study of maternal nutrition and fetal growth we have shown that the small Indian babies are
lighter and thinner. Their thinness is due to small muscle and abdominal viscera but they
preserved body fat especially subscapular compared to the babies born in the UK. Thus, the
thin Indian baby is relatively fat. The insulin resistant phenotype of a Type 2 diabetic Indian
patient could thus be a result of intrauterine programming in the direction of fat deposition.

b) Adjusting for BMI total body fat (derived from 4 site skinfold thickness) is -10% higher in the
adult slum dwellers compared to the middle class, suggesting that a similar phenotype may
persist in adult life in those chronically malnourished.

c) In a model of multigenerational malnutrition in Wistar rat we similarly observed preservation of
skinfold thickness in the malnourished compared to the control animals, with substantial loss of
non-fat soft tissues. These malnourished animals were considerably hyperinsulinemic, insulin
resistant and considerably more susceptible to the diabetogenic action of streptozotocin.

d) Our collaborators Prof. J. Yudkin and his colleagues at University College London have
described the possible role of pro-inflammatory cytokines as mediators of insulin resistance in
obesity. They have shown powerful relationships between levels of insulin resistance variables
and those of the acute phase molecule (CRP) and the pro-inflammatory cytokines IL-6 and
TNF-a in 107 healthy adults recruited from a general practice register [10]. Acute phase
markers were also strongly related to measures of endothelial dysfunction. In this white
Caucasian population in the UK there were negative or weak correlations of concentrations of
cytokines with markers of infection, but there were much stronger relationships between the
concentrations of cytokines and measures of global, and particularly central obesity.

Both cytokines have powerful effects on regulation of activities of lipolytic and lipogenic
enzymes [11], and on expression of endothelial proteins [12]. TNF-a has been shown to inhibit
insulin receptor signaling [13], an action it may share with IL-6. Both IL-6 and TNF-a are
expressed in adipose tissue. IL-6 is released by subcutaneous fat depot in vivo which might
contribute as much as 40% of total circulating IL-6 production in healthy subjects [14]. It is
proposed that these cytokines might represent the link between central obesity, insulin
resistances, dyslipidaemia, endothelial dysfunction and consequent cardiovascular disease.
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e) We have measured circulating of IL-6 and TNF-a in Indians in 3 geographical locations. The
cytokine levels are comparable to white Caucasians in the rural Indians but are elevated
several fold in the urban being highest in urban slum dwellers [22].

TABLE 1. INTERLEUKIN-6, TUMOUR NECROSIS FACTOR-CC, LEPTIN & OBESITY IN INDIANS

Age (years)
BMI (kg/m2)
Waist hip ratio
IL-6 (pg.ml-1)
TNF-a (pg.ml-1)
Leptin (ng.mr1)
Diabetes
IGT

URBAN
Middle class (n=40)
38
23.5 ***
0.85*
7.15***
30.9 ***
6.3 ***
7.9 %
15.9%

Slum dwellers (n=28)
35
22.2 ***
0.85 ***
23.5 ***
39.3 ***
9.6 ***
11.8 %
17.6%

RURAL
(n=43)
28
19.0
0.83
2.50
2.57
1.9
0.2 %
3%

Median, *p<0.05, "p<0.01, ""p<0.001, difference from rural, controlling for sex

We postulate that the increased susceptibility of urban Indians to insulin resistance; type 2
diabetes and CHD is a result of increased fat deposition from their intrauterine life, exaggerated in the
urban environment by inappropriate energy balance. Pro-inflammatory cytokines expressed and
secreted by adipose tissue are responsible for the insulin resistance and endothelial damage.

We would like to conduct a population study to investigate the relationship between measures of
obesity and its distribution and circulating cytokines with insulin resistance variables and CHD in 5
groups of subjects. Indian: 1) urban middle class; 2) urban slums; 3) rural; 4) migrant to the UK; and 5)
white Caucasians in the UK. In such population studies measures of obesity generally employ simple
anthropometric measurements, thereby limiting the ability to define the role of total body fat in
determining levels of cardiovascular risk factors. In the present pilot study we wish to validate
epidemiologic measures of total body fat (multi-frequency electrical impedance and skinfolds) against
the gold standard measure (deuterated water method) in three populations in India mentioned above
(a,b, & c). The study will also collect pilot data on cytokines and insulin resistance variables which will
be helpful in the design of the proposed study.

1.3. Hypothesis

The excess risk of insulin resistance in urban compared to rural Indians is explained by
increased total body fat. The relationship of increased total body fat with insulin resistance is mediated
by circulating cytokines.

1.3.1. Aims

a) To measure total body fat (deuterated water method), plasma leptin concentration, IRS
variables and pro-inflammatory cytokine concentrations in urban (middle class and slums) and
rural Indian subjects.

b) To validate multi-frequency electrical impedance measurements of body fat against the
standard reference method of deuterated water and generate repression equation.

c) To investigate whether measures of fat distribution (waist-hip ratio, subscapular-triceps ratio)
contribute additionally to a precise measure of total body fat in explaining levels of cytokines
and insulin resistance variables.

2. METHODS

2.1. Multi-stage random sampling

This method will be used to select the study population. We have restricted to men between
30-50 years of age to reduce the variability of body fat due to age and sex. In the 6 villages a
population register has been created by house to house survey of the population. Required number of
subjects will be selected by multistage random sampling. Pune city is divided into wards, 2 wards each
will be randomly selected from the ward register to represent urban middle class and urban slums.
One hundred households from each of these wards will be randomly selected from the State Electricity
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Board register. If a given household refuses to help, the next household will be requested. Subjects
with diabetes and CHD will be excluded from the study.

2.2. Anthropometric parameters

This will be measured by standard techniques adopted in the Diabetes Unit over the last few
years. Blood pressure (Copal UA-75 1 ) and biochemical parameters (Abbott Spectrum Analyser,
using standard kits) will be measured by automated methods. The pro-inflammatory cytokines and
endothelial markers will be measured by Elisa techniques under the guidance and supervision of a
biochemist from UCL London

2.3. Measures of total body fat

2.3.7. Multifrequency bioimpedance measurements

This will be done in a standardised manner [23]. Equations developed in western subjects and
used in the software of the machine to calculate total body water (TBW) are known to underestimate
TBW and therefore overestimate total body fat in thin Indian subjects. A regression equation
(incorporating height and weight) will be developed to calculate TBW from bio-impedance
measurements using deuterated water results as the reference.

2.3.2. Measurement of TBW using deuterated water

The subject will be asked to completely empty their bladder and a basal sample of urine will be
stored. Deuterium oxide (D202 99.9%) will then be orally administered in a dose of 40 mg/kg body
weight, from a sterile plastic container with the aid of a straw. This will be followed by 50 ml of distilled
water to wash the isotope downs and ensure none remains in the mouth. The sterile plastic container
will be accurately weighed before and after isotope administration to calculate the dose ingested. Urine
samples will be collected from the patients hourly, from the 4th hour after dosing, until the 8th hour after
dosing. The urine samples will be stored in tightly sealed containers, at -20°C.

The urine samples, as well as the dose administered, will be analyzed for their deuterium
enrichment using a dual inlet mass spectrometer (Europa Scientific, UK). The TBW will be calculated
using standard equations.

3. PROPOSED WORK

We will study 100 men each (30 to 50 y old) from 3 different locations: rural, urban middle class
and urban slums selected by multistage random sampling from available household registers.
Subjects will be studied in the Diabetes Research Unit of the KEM Hospital Pune for the following
measurements:

a) Total Body fat by 1) deuterated water studies and, 2) multi-frequency electrical impedance
meter.

b) Anthropometry: Height, weight, skinfolds (biceps, triceps, subscapular, suprailiac), mid-upper
arm circumference, waist-hip ratio all by standardised techniques Fat mass will also be derived
from a formula [23].

c) Metabolic: Oral glucose tolerance test (WHO 1985, 75g, anhydrous glucose, fasting, 30min
and 120 min samples), specific insulin concentrations (all 3 times), non-esterified fatty acids
(fasting and 120 mins, to assess suppression as a measure of insulin action), total and HDL
cholesterol triglycerides and leptin concentrations (all on fasting samples). Insulin resistance will
be assessed by HOMA model.

d) Pro-inflammatory cytokines: IL-6 and TNF-a

e) Endothelial markers: e-selectin, von Willebrand factor.

A resting electrocardiogram and Rose-WHO questionnaire will help rule out CHD. The number
in each group will provide sufficient power to detect a significant partial correlation at 5% level
for r = 0.20 whereas the total number provides similar power for r = 0.12.
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Analysis: Subjects with diabetes and CHD will be excluded from analysis. Distribution of insulin
resistance variables will be compared between the 3 populations and related to measures of
total body fat and cytokine measurements. Cytokine measurements will in turn be related to
different measures of total body fat. Relation between total body fat measurement by the
deuterated water method and the multi-frequency impedance method will be studied. Additional
contribution of measures of fat distribution to that of the total body fat in regression models of
insulin resistance variables and cytokines will be studied.
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Abstract

In modern technological societies the requirement for physical work is diminished and access
to food is unrestricted. Under these circumstances a large proportion of the population will gain
weight and develop obesity and diabetes. At the individual level, genetic and behavioural
factors must combine to lead to an imbalance between energy intake and its expenditure.
Weight gain, especially rapid weight gain in a population appears to increase the risk of
diabetes sharply. Thus understanding the route to weight gain and obesity, and the modulatory
effects of physical activity on development of glucose intolerance is critical to credible
intervention strategies to reverse or prevent diabetes in populations especially those in
transitional societies. In this proposal we will examine the quantitative importance of non-
resting energy expenditure (EE) in populations with rising levels of obesity and high prevalence
of diabetes.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

The migration of an estimated 10 million people out of West Africa some 400 years ago has
led to the establishment of stable populations living today in widely contrasting environments.
Ancestral populations in Nigeria and Cameroon, living in subsistence agricultural environments,
contrast sharply with populations in Jamaica where the nutrition and epidemiological transitions have
been accelerating for the past 3 decades. African-origin populations in the United States currently live
under the most Westernised conditions. This economic and technological gradient is associated with a
steep gradient in the dose of risk factors for hypertension and diabetes, the most powerful
determinants being obesity and decreased physical activity [1]. Indeed, the observed prevalence of
hypertension and diabetes rise steeply across the diaspora: hypertension prevalence in West Africa is
approximately 15%; it is 25% in the Caribbean and 34% in the US. For diabetes, the corresponding
prevalence rates are, 1%, 12% and 16%.

To some extent it is intuitively obvious that levels of physical activity have declined with each
step of the migration, form rural to urban West Africa, to the Caribbean, and ultimately to the United
States. Limited measurements of energy expenditure have been performed among peoples of the
African diaspora and none in relation to the risk of diabetes. Our own pilot data indicate that resting
metabolic rate (RMR) is constant in ancestral and migrant populations, and that energy expenditure on
physical activity declines as adiposity increases. However, the relationship of these changes to
glucose intolerance is unknown.

Obesity appears to be a determinant of glucose intolerance in its own right, but it also
represents a summary statement of energy balance at any point in time. The effects of obesity on
glucose intolerance therefore is a mixture of the impact of body composition on glucose-insulin
relationships as well as the modulation of this metabolism by physical activity. Adding to this
complexity is the variation introduced by rate of appearance of obesity. The assessment of obesity
cross-sectionally conceals the rates at which the changes in body composition occurred, and there is
good evidence to show that the risk of diabetes in transitional populations and societies is directly
related to the rate of anthropometric change. Rate of change is perhaps more strongly predictive of
diabetes risk than is absolute levels of obesity.

In this proposal, we seek to measure the energy expenditure on activity, the rate of weight
gain and changes in body composition in a free living population, and to relate these variables to
changes in glucose tolerance, and the evolution of impaired glucose tolerance to frank diabetes.
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1.1. Specific aims

a) Determine whether risk of incident diabetes and impaired glucose tolerance is related to physical
activity in 3 populations of the African Diaspora with widely different levels of obesity.

b) Determine whether risk of incident diabetes and impaired glucose tolerance is related to rate of rise
in body weight and change in body composition.

To accomplish these aims we will:

a) Measure the components of the energy budget, RMR, TDEE, and physical activity (PA) at baseline
in 300 individuals with impaired glucose tolerance (IGT) and 150 normal glucose tolerant (NGT)
controls.

b) Measure body composition using deuterated water dilution and BIA at baseline in these groups and
relate this to glucose tolerance.

c) Determine the relationship between RMR, TDEE & PA on glucose tolerance, insulin secretion and
insulin sensitivity and define these relationships within the context of rankings of weight, adiposity,
and lean body mass in these groups.

d) Measure the change in the energy budget components as well as anthropometry annually for 3
consecutive years, and relate these to evolution to diabetes from IGT.

1.2. Background and significance

12.7. Epidemiologic transitions and diabetes

Burden of Disease in Black Populations: USA

It is well recognized that blacks in the US are at increased risk of diabetes. Prevalence rates in
1976 - 1980 among black men (bm) and women (bw) were 8.6 and 11.0% respectively, compared to
5.5 and 7.3% among white men and women [2,3]. Based on data from the Health Interview Survey
(HIS), age adjusted rates of known diabetes increased among bm by 105% over the decade 1973 -
1983, while among bw they increased by 33%;during the same interval rates were constant for whites
of both sexes [2]. It appears, therefore that the two-fold black:white (B:W) excess described for
hypertension will soon be attained for non-insulin dependent diabetes mellitus (NIDDM). Like
hypertension, NIDDM is more common among persons of lower socio-economic status and among the
obese; both of these factors are more common among blacks, but whether they account for the
differential has not been adequately studied. Mediating physiologic factors, such as insulin metabolism
and fat distribution, may also contribute to the ethnic patterns, but again the data are limited. B:W
differences in health outcomes associated with NIDDM have been well described. In 1980 diabetes
was listed as the 7th leading cause of death, and blacks had rates more than twice those of whites
(21.3 vs 8.4/100,000) [3]. In Michigan, blacks with NIDDM were 2.6 times more likely to suffer renal
failure than whites, after adjustment for higher rates of NIDDM among blacks [4].

The Caribbean

As recently reviewed by Cruickshank, NIDDM is emerging as a major health problem in the
West Indies and among Afro-Caribbeans in the UK [5,6], Levels of obesity in the West Indies are
approaching those in the US, and have increased rapidly [7]. Surveys over the last 2 decades in
Jamaica have demonstrated NIDDM rates ranging from 3.9% among all adults to 18.9% among
women, ages 54 - 64 [8,9,10]. The most recent surveys report prevalence rates of 10% among men
and 16% among women 25 to 74 years, with an age sex adjusted rate of 13.7% [10]. In the St. James
Study in Trinidad, diabetes prevalence in men was 8.2% and 14.8% among women.

West Africa

The prevalence of NIDDM in West Africa, however, appears to be very low, although the data
are sparse [11]. No urban-rural difference has been recognized in sub-Saharan Africa, nor is there
evidence that the rates are rising [12]. The prevalence of hyperglycaemia was reported as 1% in Mali
in 1984 -1985 [13]. A study of civil servants in Ghana detected prevalence rates of 0.5% in men and
0.6% in women [14]. In urban Nigeria a prevalence of 1.7% was detected among individuals attending
screening clinic [15].
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NIDDM is thus an important public health problem for the US and Caribbean black
populations and the burden is likely to rise in coming years. Although not currently a big problem in
absolute terms for the ancestral populations in West Africa, there is the expectation that a rise in
economic fortunes of the region and the accompanying adoption of increasingly technological
lifestyles will precipitate an epidemic of diabetes. The full extent of the impending epidemic is as yet
unknown, but is estimated at any one time by the sum of the prevalence of NIDDM and impaired
glucose tolerance (IGT). This figure for the Jamaican population in 1994-1997 was 27.1% [16].

Secular Trends in Disease Patterns

A broad knowledge base regarding secular trends in risk factors and chronic disease now
exists. The transition from infectious to cardiovascular (CV) and neoplastic diseases has been
observed in modernizing societies all over the world. In general, increases in CV diseases and
smoking related cancers have been correlated and followed the increase in risk factor exposure by
approximately 30 years. The US experienced peak CV disease rates around 1965 and is now in a
period of decline. Following the introduction of a high fat diet and cigarettes after World War II,
Eastern Europe and the USSR are on the up-sloping portion of the epidemic curve [16]. Several Asian
and Latin American countries are in the process of adopting lifestyle changes, and similar changes in
the disease pattern can be safely predicted. The epidemic of diabetes, on the other hand, does not
appear to be emerging in this consistent sequence of 'westernization - exposure/time lag - epidemic'.
A number of population groups that have experienced rapid transition from the traditional to
modernised lifestyle have already developed rates of NIDDM far in excess of those ever experienced
by persons of European descent [17,18,19]. While many of these groups, typically the Melanesians
and American Indians [20,21,22,23], have developed extremely high rates of obesity, other
populations have also developed high rates of diabetes despite levels of obesity which remain lower
than, or similar to, those in Europe and the US. The epidemiologic pattern of NIDDM is thus different
in groups of European origin compared with peoples of other origin in developing countries.

Epidemiologic studies have established the strongest associations between NIDDM and
obesity, decreased physical activity, and diet [3,17]. Obesity is clearly the major risk factor for NIDDM
in all populations. In a recently completed survey in Jamaica, the odds ratio for NIDDM was 5.4 in the
highest quartile of BMI (26.6 - 48) for men and 3.3 for women (31.1 - 59.2) compared with the lowest
quartile (14.1 - 20.7 for men: 14.3 - 23.5 for women) [10]. A central distribution of fat, measured as the
waist hip ratio was an even more powerful predictor; odds ratios for diabetes at the highest quartile of
WHR were 17.4 for men(WHR 0.89 - 1.07, highest quartile: 0.68 - 0.79 lowest) and 5.5 for women
(0.85 -1.35, highest quartile) compared with the lowest quartile (0.64 - 0.76).

Given the strength of obesity as a risk factor for NIDDM, it is plausible to hypothesize that the
differences across the economic and technological gradient might be simply the result of the variation
in the prevalence of obesity. It is certainly true that the most obese populations have experienced the
highest rates of NIDDM [17,18,19,20,21,22,23]. Adult prevalence rates of 25% have been observed in
Nauru, where mean BMI approaches 34 [18]. Other observations are inconsistent with this hypothesis,
however. In Britain, migrants of South Asian origin have high rates of both obesity and NIDDM,
whereas those of Afro-Caribbean extraction are less obese but have a similar prevalence of NIDDM.
An important recent survey from Mauritius casts doubt on both the simple linear hypothesis for obesity
and the primary role of ethnic factors. NIDDM was very common in all the ethnic groups in Mauritius
(around 15%), including persons of Indian, Chinese and African origin [25,26]. The level of obesity
alone could not explain the high rates, as BMI was not markedly elevated (mean BMI = 24). If
reproduced, these findings suggest two extremely important conclusions which may resolve the
inconsistencies noted above. First, under similar social conditions the propensity for obesity and
NIDDM is equivalent among non-Westernized groups, including those as genetically distant as
Africans and Chinese. Second, rates of NIDDM can be very high in populations undergoing rapid
westernization, despite modest levels of obesity.

A corollary of this second conclusion would predict that populations with gradual increases in
obesity should experience slowly rising rates of NIDDM. The NIDDM trend data in US Blacks support
this idea. Attention has been drawn to the paradoxically low rates of NIDDM in US blacks in Chicago
in the 1980's, despite high rates of obesity [27,28]. In a community based survey, age adjusted rates
of NIDDM and/or hyperglycaemia were higher in whites of both sexes (wm = 12.5%; ww = 9.6%; bm
10.0%; bw 6.3%), despite prevalence rates of severe obesity that were 20% higher in bm compared to
wm, and 100% higher in bw [27]. National survey data also demonstrate that blacks did not have
higher rates of NIDDM in the 1960's; the HES found race-sex patterns in blood sugar levels post-50
gm load similar to the Chicago survey, with the exception of the lower levels in wm [29]. B;W ratios of
reported NIDDM prevalence were 1.0 or 1.1 from 1963 until 1973 [3]. Among military draftees in 1924,
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aged 18 - 45, diabetes rates among blacks were 1/3 of those among whites, and had risen to only 2/3
by 1944 [2]. Data on 100,000 members of the Kaiser Health plan collected in the 1960's also
demonstrated better glucose tolerance among blacks [30]. B:W rates crossed over in the 1970's, and
the trends in NIDDM among blacks are only now reflecting the impact of the long term rise in obesity.
This lag in the emergence of NIDDM among US blacks is thus in sharp contrast to the data from
Mauritius, where obesity and NIDDM developed rapidly and concurrently. However, rate of weight
change in a population is likely to be confounded by opposing change in the expenditure of energy on
physical activity and the pattern of this activity.

The discussion above serves to underscore the complex nature of the epidemiologic transition
as it relates to the emergence of obesity and NIDDM. Thus a primary research challenge is to
understand the role of physical activity and obesity in the evolution of high rates of diabetes. Cross
sectional relationships are the complex result of prior exposure [31]. For example, abrupt changes in
obesity increases the cross sectional relationship with NIDDM while slower changes dilutes such a
relationship. A population undergoing accelerated social change experiences a precipitous increase in
fat and refined carbohydrate intake, a decline in physical activity, and a simultaneous increase in
obesity and NIDDM. In contrast, populations with more gradually evolving lifestyles may include a
large number of overweight individuals, who are relatively accommodated to both the dietary patterns
and consequent obesity.

Energy expenditure

Although large scale studies using accurate measures of EE have not been conducted, some
data are available which suggest that EE is an important predictor of obesity, and glucose intolerance
[37,43,53]. One of the key questions addressed in this application is therefore the quantitative impact
of the components of EE on weight gain and glucose intolerance in a representative sample of free-
living individuals. Specifically, under normal conditions of a sedentary lifestyle, does inter-individual
variation in either RMR or non-resting EE contribute to the risk of obesity and diabetes? RMR is a
function of lean body mass, and non-resting EE explains more of the variance in total daily energy
expenditure (TDEE) between individuals [53]. It is obviously the component under behavioural control
and we, therefore, focus our primary attention on that component of the energy budget.

Survey questionnaires are inaccurate methods for capturing this information: correlations with
doubly labelled water estimates of energy expenditure are generally in the range of 0.3 [54]. Similarly,
heart rate monitors cannot distinguish anxiety related heart rate increases from exertion-induced
changes when pulse remains in the range of 80 -100 beats per minute, where the bulk of calorie
expenditure takes place. The technical framework for assessing energy balance has two paradoxical
aspects. On the one hand, the relationships described by the energy budget are obvious. Intake and
expenditure must balance to maintain weight. Expenditure has only three components, viz RMR
(usually 75% of total EE), non-RMR (about 20%) and a small, fixed contribution from the thermic effect
of food, which can be ignored. An individual can gain weight in one of three ways: eat to excess, have
a low RMR, or a low non-RMR, assuming the existence of euthyroid status. Among normal individuals,
RMR is tightly regulated. Its contribution to obesity is not well defined and may be limited. On the other
hand, excess intake and low levels of activity are likely to be important determinants of obesity for
many individuals. These relationships are not straightforward, however. As an individual gains weight,
muscle mass also increases and greater energy is required for movement. As a result, the correlation
between BMI and TDEE is paradoxically positive, around 0.7. In absolute terms, therefore, obese
individuals expend more calories than those who are lean and they eat more. Thus, the state of
obesity is a result of long term failure to balance intake and expenditure. The cause of this imbalance
which must either be excess intake or reduced expenditure can be defined only in relative terms. That
is, over the period of weight gain, the individual consumed excess calories relative to what was
burned. The testable question is, why do some individuals fail to balance intake with expenditure over
long periods? One hypothesis must be that the proportion of calories expended in physical activity,
normalised to lean mass or weight, is the determining factor. The alternative hypothesis is that energy
intake is excessive.

Finally, these relationships linking energy intake and energy expenditure to changes in body
composition do affect glucose insulin relationships. The body composition glucose intolerance
relationships are themselves modified by physical activity, such that increasing exposure to physical
activity increases insulin sensitivity and reduces tissue resistance to the action of the hormone. A
hypothesis is therefore that at any level of adiposity, energy expenditure on physical activity will
ameliorate the predicted decline in glucose tolerance. There will be differences in the extent of this
amelioration which relate to the pattern of energy expenditure on physical activity, whether daily,
sustainable expenditure, or intermittent, intense physical activity.
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The data available do suggest that accurate measurement of the energy budget in population
based samples could provide important insights into the problem of obesity and the closely associated
disease, diabetes. Importantly, it lays the basis for potential interventions to reverse adverse trends in
population weight gain and the associated diabetes epidemic.

3. PRELIMINARY STUDIES

There is an ongoing NIH funded study of the prevalence and determinants of hypertension
and diabetes in Jamaica: in collaboration with colleagues in Nigeria and the USA, we produced
information on populations living in the three contrasting environments. Within this context we have
examined 1600 individuals of both sexes between 25 and 74 years with a 75 gm oral glucose
tolerance test, and related glucose tolerance to anthropometry.

We have recently received a renewal of this NIH grant to explore among other things, the
genesis of obesity and its contribution to the evolution of hypertension. This project calls for
measurement of the following:

a) energy budget in 30 individuals at all three sites, Nigeria, Jamaica and the US. Energy budgets will
be measured using DLW to measure TDEE, indirect calorimetry to measure RMR, fat free mass
with Deuterium dilution, BIA, and skinfolds.

b) In addition, in a larger sample of 1000 individuals which will be drawn from the population already
surveyed (2400), we plan to measure anthropometry and body composition using BIA, as well as
their RMR. We will first relate these measurements to blood pressure cross sectionally. These
individuals will be followed up over a 1 year period and weight change assessed; weight gain and
body composition changes will be related to the evolution of blood pressure.

For the CRP, it is proposed to take advantage of this ongoing work, and to add on those
components relating directly to the questions surrounding deterioration of IGT to NIDDM (see work
proposed).

4. METHODS

4.1. Measurement of energy expenditure

The measurement of EE in free-living populations is problematic. The most accurate method
of determining EE in the laboratory is a form of indirect calorimetry, respiratory gas exchange. With
respiratory gas exchange either RMR or TDEE can be calculated knowing the volume of oxygen
consumed and carbon dioxide produced, as measured in a respiration chamber or with a metabolic
cart [55,56,57,58]. However, this method is physically restrictive and it cannot be assumed that
expenditure measured while enclosed in a chamber or wearing a face mask connected by hose to a
metabolic cart is representative of TDEE in free-living individuals.

While mechanical methods, i.e., heart rate monitors, pedometers, and octameters can be
worn in the free-living state, they are significantly less accurate than respiratory gas exchange (+/-15 -
40%) [59,60,61]. In addition, heart rate monitors require that multiple oxygen consumption-heart rate
calibration curves be constructed for every participant [62,63], and data from electronic motion
sensors are not easily translated into EE values [54]. Although some investigators have been able to
predict oxygen consumption using an octameter and heart rate monitor in tandem with moderate
accuracy [64], this is not reproducible [65]. Food intake and physical activity surveys are subjective,
indirect measures of EE are prone to considerable error (+/- 25%), yet they are very commonly used
[56,66,67,68,69,70,71]. The correlation between EE by DLW and activity questionnaire is at best 0.3 -
0.4 928) while for diet records a negative correlation is often observed [66]. Clearly therefore, the
relationship between EE, weight change and glucose tolerance will be obscured by the imprecision of
these self reported methods

Within the last 14 years the doubly labelled water (DLW) technique to measure TDEE in free
living individuals has been developed. DLW refers to water that has been labelled with the isotopes
deuterium and 18O and the method is based on the differential elimination of the two isotopes [72].
Deuterium is lost only as water and 18O is eliminated both as water and carbon dioxide and their
respective elimination rates can be calculated by measuring the decrease in isotope content of body
fluid, urine, saliva or plasma over time. The difference between the two rates is, therefore, an indirect
measure of carbon dioxide production, from which TDEE can be calculated according to the methods
of indirect calorimetry [73,74]. The most important feature of the DLW method is that it provides an
integral of carbon dioxide production over the period studied, usually 7 to 14 days, yet requires only
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periodic sampling of urine. This method has been extensively validated against respiratory gas
exchange and is accurate to within 1% with a SD of 3 to 7%, depending upon the dose of stable
isotopes and the length of the metabolic period [73,77].

An additional benefit of the DLW method is the accurate measurement of body composition
provided using the dilution principle. One necessary step in the determination of TDEE is the
calculation of the volume, i.e., total body water (TBW), in which the stable isotopes are diluted. Since
water is assumed to comprise a consistent proportion of body mass, it is possible to calculate with
great accuracy an individual's fat free mass and therefore, fat mass.

Daily EE has three components: RMR (or basal MR), thermic effect of food, and physical
activity. RMR typically comprises 50 to 60% of TDEE, thermic effect of food about 10%, and physical
activity the remaining proportion. When TDEE is measured using DLW and RMR is measured using
respiratory gas exchange, non-resting expenditure can be calculated. The thermic effect of food is a
relatively constant proportion of energy expenditure [78], therefore, non-resting EE can be considered
a measure of physical activity.

To date the DLW method has been primarily employed in controlled experimental projects,
and until recently the high costs of isotopes and their mass spectrometric analyses have prevented its
use in large scale studies. In November 1993, the cost per participant was quoted at $1200 by a
laboratory providing such analyses. However, recent reduction in the price of isotopes and
improvements in analytical technology has forced prices down to the range of $300 to $350 per
participant. This reduction in costs make DLW competitive with other less valid ways of measuring
TDEE.

4. RESEARCH DESIGN AND METHODS

a) Restating the specific aims as tasks to be accomplished, the primary goals are:

b) Screen 2000 individuals with repeat fasting blood glucose to identify 300 individuals with
impaired glucose tolerance (IGT), and randomly select 150 individuals from the
population with normal glucose tolerance. In these groups, we will measure the
components of the energy budget; RMR by indirect calorimetry, TDEE with doubly
labelled water, and physical activity by difference

c) Use deuterated water and BIA to measure body composition at baseline also in these
groups.

d) Assess glucose insulin relationships in these groups by use of a 75g OGTT to measure
glucose tolerance, and by calculations using the HOMA model to calculate insulin
sensitivity, and the 30 minute increment in insulin to glucose to derive and index of insulin
secretion.

e) Measure the change in the energy budgets, anthropometry and glucose insulin
relationships annually for 3 years, and

f) Relate these changes in glucose insulin relationships and the evolution of IGT to NIDDM
to baseline physical activity and anthropometry as well as the change in these
characteristics.

5. PROPOSED WORK

To achieve these goals we will accomplish the following:

5.1. Sampling procedure

From among the population recruited by cluster sampling (probability proportionate to size) for
the initial survey (n = 3,000), 300 individuals with IGT will be identified by:

• subjecting a random sample of 2000 individuals 25 - 65 years to repeat fasting glucose
estimations on two occasions a week apart.

• selecting 150 NGT individuals randomly drawn from the subgroup above who have
normal repeat fasting glucose estimations.
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5.2. Measurements

5.2.1. Anthropometry and blood pressure

Weight, height, and waist and hip circumferences will be measured with an established
protocol [79,80]. Weight is measured to the nearest 0.1kg utilizing a calibrated electronic digital scale;
standing height is measured without shoes to the nearest 0.1 cm. For both waist and hip
circumferences, the measurement is repeated. If two measurements differ by more than 0.5 cm, a
third measurement is taken. Mid upper arm circumference will also be measured. The circumferences
will be used as measurements of regional fat distribution. All measurements will be made blinded to
group assignment.

5.2.2. Body composition

Total body water (TBW) will be determined in the course of the TDEE calculations. The basis
of TBW determination is the dilution principle (C1V1 = C2V2), i.e., if a known amount and
concentration of a substance is diluted in a larger volume and you can measure the final concentration
of the substance, the final volume can be calculated. Therefore, TBW can be calculated using
measurement of the abundance of either isotope, deuterium or 18O after complete equilibration.

Except in cases of malnutrition, sever dehydration, and in some cases such as AIDS or
nephropathies, TBW is assumed to make up a constant proportion (73%) of lean body mass (also
known an fat free mass) [81]. Fat free mass, therefore, can be calculated from TBW. Fat mass can
then be calculated as the difference between total body weight and fat free mass. Calculation of fat
mass provides a more valid measure of adiposity tan BMI [82].

5.2.3. BIA

TBW will also be determined using BIA. BIA measures the impedance to the flow of an applied
low alternating current by body tissues that is undetectable by the subject. Impedance is a function of
two components, the resistance of the tissues and the additional opposition, called reactance, due to
the capacitance of cells. The measured impedance of body tissues provides an estimate of total body
water from which FFM and FM can be calculated [83,84].

Subjects will be placed in the supine position with limbs abducted. Current-supplying
electrodes will be placed on the dorsal surfaces of the right hand and foot at the metacarpals and
metatarsals respectively. Electrodes for the detection of the current will be placed at the pisiform
prominence of the right wrist and between the medial and lateral malleoli of the right ankle. The BIA
analyses (Model BIA 101Q, RJL Systems, Clinton Twp., Ml) will be attached to the electrodes and
generate an excitation current of 800uA at a signal frequency of 50kHz. Resistance to current flow is
measured by the BIA analyser. The instruments are calibrated every day before use and serviced
regularly.

Multiple equations have been developed for the prediction of total body water from BIA
measurements. Published equations calculate body water to within 0.2+/- 1.5 kg of that by deuterium
dilution in these populations [83]. For participants in the EE sub-study, total body water will also be
measured using isotopes, a method based on the dilution principle.

5.2.4. Energy expenditure

EE will be measured in 300 unrelated individuals with IGT and 150 with NGT in our survey
sample using the doubly labelled method over a 2-week measurement period [85]. Based on available
lists we will identify appropriate participants between the ages of 25 and 65, equal numbers of men
and women, free of chronic illness limiting activity.

5.2.5. Resting metabolic rate

RMR will be measured using respiratory gas exchange in the clinics with a metabolic cart
(Datex Deltatrac, Sensor Medics, Anaheim, Ca). In order to control the thermic effect of food the
participants will be asked to fast from 10pm the previous evening. Participants will be positioned
comfortably in a supine position on the examination couch. The clear ventilated hood of the metabolic
cart will be placed over the participant's head and respiratory gases will be measured for 45 to 60
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minutes. 02 and C02 are continuously sampled during the procedure and using the modified Weir
equation [86], EE is calculated.

The metabolic cart will be calibrated with standard gases prior to each RMR measurement.
Once every two weeks an alcohol burn will be done to calibrate the flow rate of gases through the
instrument and provide standardized measurements for comparisons across sites. Every 20th
participant will be recalled for a second measurement to monitor intra person variability. The within-
person CV for this method is 1.5% in our laboratory.

5.2.6. Total energy expenditure

The TDEE measurement will begin at the clinic visit. The protocol for TDEE measurement
requires a baseline spot urine sample, oral administration of the DLW, collection of the first 3 urine
voids post dose (same day), collection of a spot urine sample on day 8 (midpoint) and collection of the
final spot urine on day 14. On the morning of the examination, prior to the measurement of RMR, a
spot urine collection will be made and the participant will be given a dose of water determined from
data gathered at the screening examination. Spot urine collections will also be collected at 2, 4 and 6
hours after isotope administration. Exact 2-hour spacing is not crucial. What is important is that the
first three urine after dosing with DLW are sampled; it requires 3 to 4 hours for the isotope to fully
equilibrate with body water.

Before leaving the clinic, the participants will be instructed on the collection of urine on days 8
and 14. The participants will be visited on day 7 by the field staff and reminded to collect the spot
sample on the following day (day 8). The participant will then return to clinic on day 14 for the final spot
urine collection to end the study period. While at the clinic on day 14, each participant will have their
weight measured and body fat determined by BIA.

5.2.7. Physical activity

Physical activity will be calculated from the DLW and respiratory gas exchange data as non-
resting EE. While the difference between TDEE and RMR includes both physical activity and the
thermic effect of food, thermic effect of food will be considered to be a consistent proportion of TDEE
and thus not separated from physical activity [87]. The actual measurement of the thermic effect of
food will not be performed because it places unreasonable burden on the participant, requiring 4 to 6
hours of respiratory gas exchange i.e., 4 to 6 hours remaining awake but motionless under a hood.
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Abstract

A study on risk factors for type 2 diabetes and cardiovascular disease (CVD) in 250 male and
female adult subjects 20 years of age and over, pertaining to different socio-economic levels is
being conducted in Hermosillo, Sonora, Mexico. Measurements of weight, height, waist/hip ratio,
blood pressure, oral glucose tolerance test, blood levels of total of cholesterol, tryglicerides, LDL
and HDL-cholesterol are being obtained. Body composition is being determined by deuterium
dilution and infrared spectroscopy, air displacement plethysmography, skinfold thickness and
bio-electrical impedance. Physical activity by questionnaire and diet by non-consecutive multiple
24 h recalls (to account for seasonal and inter-individual variability), will provide information on
lifestyle and diet. At present, analysis of 141 subjects has been completed. Preliminary results
showed high levels of overweight, 55 % with BMI >25, and obesity, 17 % with BMI >30. Subjects
with abnormal glucose levels had significantly higher weight (p<0.008), larger waist/hip ratio
(p<0-003), higher % body fat (p<0.01), higher systolic and diastolic blood pressure (p<0.01;
p<0.009 respectively) than normal subjects, after adjusting for sex and age. Serum tryglicerides
were significantly higher in obese subjects with central adiposity than non-obese subjects. Body
composition by deuterium dilution was determined by infrared spectroscopy and by air
displacement plethysmography in a preliminary pilot study. Finally, a physical activity
questionnaire was tested in two groups of subjects with different lifestyles.

1. SCIENTIFIC BACKGROUND

Non-insulin-dependent diabetes mellitus or type 2 diabetes accounts for approximately 80-90 %
of all diabetes [1] and is probably one of the fastest growing global problems. If this trend continues, by
the year 2010 there will be an estimated 215 million cases worldwide. In older persons, cardiovascular
disease (CVD) is still the major cause of morbidity and mortality [2-3].

In the EURODIAB study the factors significantly related to CVD prevalence were age, duration
of diabetes, serum tryglicerides, HDL cholesterol, waist/hip ratio, body mass index, and hypertension
[4]. Type 2 diabetes was associated with a two -to four- fold increase in coronary heart disease (CHD)
compared to non-diabetic populations. Conventional risk factors such as dyislipidemia and
hypertension have consistently been identified as strong risk factors for CHD development. Increased
CVD risk factors have also been found to be present prior to the onset of type 2 diabetes [5]. The
WHO multinational study demonstrated that the assessment of CVD risk factors in diabetes must
include "diabetes-related" factors such as glycaemic control, proteinuria and retinopathy, as well as the
classical CVD risk factors, blood pressure, smoking and dyslipidaemia [4].

Despite the importance of genetic pre-disposition, the understanding of the aetiology and
pathogenesis of non-insulin dependent diabetes has highlighted a number of potentially reversible and
contributory environmental factors which give credence to the view that this disease is largely
preventable [6]. Diet and physical activity may play a very important role in the prevention of the
disease under these conditions [7].

Mexico, like other countries in the world, is experiencing an epidemiological transition period. In
1922, 1.5% of the total deaths in Mexico corresponded to chronic degenerative diseases; by 1992 this
percentage was 53 [8]. Today chronic degenerative diseases are considered major public health
problems. In people over 65 years of age, the percentages of deaths due to type 2 diabetes, vascular
disease, renal disease and cancer is even increasing. In the northern states of Mexico, CVD is even a
greater problem [9].

The National Survey on Chronic Diseases in Mexico [10] included 18,924 individuals belonging
to 8120 households from 4 different regions: North, South, Centre and the Metropolitan area of Mexico
City. The prevalence of disease in adults 20-69 years of age, based on laboratory or clinical
examination data were as follows: hypertension, 24.6%, obesity (BMI >30), 21.5%, microalbuminuria,
11.7%, high cholesterol, 8.8%, and diabetes, 6.7%. [10]. Diabetes prevalence was 12.1% in
individuals with BMI >35 compared to 3.8% for individuals with BMI <25. In northern Mexico diabetes
was 7.8% and was the only region that had a higher prevalence than the national reference. The
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national study showed an important association between diabetes and levels of education. Individuals
with no education, showed a higher prevalence of diabetes (15.6%) compared to the lowest value of
2.8%, in individuals with postgraduate studies. The prevalences were similar for the group with
secondary school and university bachelor education, and increased again for those individuals with
only elementary education (10.3%). Unfortunately the report does not indicate what co-variables, if
any, were used for adjusting.

In the State of Sonora, Mexico CVD and type 2 diabetes are the second cause of mortality. The
national survey on chronic diseases in Mexico reported a higher prevalence of diabetes in the
Northern States of Mexico than in the South and Southeast. The explanation for this may be that diet
in this region is high in energy and saturated fat due to higher consumption of animal products.
Modernisation is changing physical activity patterns, and lifestyle in general, promoting an obesogenic
environment.

In summary, the national study on chronic diseases in Mexico, showed that the main causes of
mortality are: heart disease, cancer, diabetes mellitus, and vascular cerebral disease. These diseases
represented 8% of the causes of mortality in 1930, 34% in 1990, and unless this trend changes, it is
estimated that it will over 58% by the year 2030.

2. METHODS

2.1. Impaired glucose tolerance and diabetes

Two hundred and fifty male and female adult subjects aged 20 years or older, from different
socio-economic levels will be screened by means of a 75g oral glucose tolerance test after completing
a questionnaire on their present health status. Glucose will be determined by the Hemo-Cue system
[11]. Diagnosis of diabetes and impaired glucose tolerance will be assessed by WHO criteria [12].
Subjects with impaired glucose tolerance and diabetes will be recruited for glycated haemoglobin
(HbA1c) and albuminuria [13]. Insulin sensitivity tests using RIA are being considered.

2.2. Lipid profile

A blood sample will be drawn to determine blood lipids, total cholesterol, lipoproteins, c-LDL,
c-HDL [14] and serum tryglicerides [15]. Previously serum lipoproteins (c-LDL and c-HDL) will be
separated by heparin-manganese method [16]. Quality control will be assured by sample duplication
and by using certified standard serum controls (Precinorm U; Boheringer-Mannheim, Germany).

2.3. Anthropometry

Body weight (by electronic scale, 0-150+0.05 kg), and height (by a Holtain stadiometer, 0-210 +
0.1 cm), will be used to calculate body mass index (kg/m2). Skinfolds are measured at 4 sites: triceps,
biceps, sub-scapular and supra-iliac regions to look at fat distribution and estimate total body fat.
Waist and hip circumferences are measured to estimate central adiposity.

2.4. Body composition

2.4.1. Determination ofD2O using infrared spectroscopy.

Sample preparation. In order to separate the water and D2O of the saliva sample from other
materials, the aqueous phase will be frozen at -70°C and sublimated under reduced pressure to total
dryness. The volatilised liquid will be condensed in a cold trap (-25 to -30°C) immersed in a 50%

ethylene-glycol bath in our sublimation system and filtered with a Millipore membrane (0.22 u,m).

Measurement of deuterium. Deuterium was measured using a Miran 1FF fixed filter infrared
spectrometer fitted with a 4 micron filter and a 0.2 mm calcium fluoride flow through-cell adapted with a
temperature controlled cell holder. For temperature control, a constant temperature circulator set at
15°C will be used (VWR mod. 1150 A). The standards (gravimetrically weighed amounts of D2O, 99.9
atom %, in deionised water) and sublimated samples will be drawn into 2.5 ml syringes. Deionised
water (15 ml) will be used to rinse the cell after each sample. After stabilisation of the temperature of
the cell for 15 minutes, approximately 1 mL of each standard was sequentially injected into the cell and
the changes in absorption recorded by means of a digital multimeter (Fluke 83 III) serially connected
to the IR-spectrometer. The samples were loaded and measured sequentially in duplicates. A
calibration curve is calculated daily and the D2O content of the samples determined from the curve
after subtraction of the D2O natural abundance level measured in the zero standard (deionised water
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or basal saliva samples) [17].

2.5. Measurement of total body water

Each subject ingested 30 g of deuterium oxide (99.8 atom %) mixed with 20 ml of tap water. An
additional 30 ml of tap water was used to rinse the cup and mouth of D2O ingested. Saliva samples
were taken after 4 h and the D2O concentration was determined by the infrared spectroscopy method
using sublimated samples. Calculation of total body water was done according to the Schoeller et al.
[17].

Dex104

TBW = k g

P - x

Where:
De = the effective dose of D2O = weight of D2O x % purity - urinary loss
p = enrichment of biological fluid (ppm) at equilibrium with the added D2O
x = background enrichment of biological fluid (ppm) before addition of D2O

2.6. Air displacement plethysmography, BOD-POD (BP)

2.6.1. Background

Studies of this technique has been reported by various authors [18-20]. Validity was assessed
by McCrory, comparing the BP with underwater weighing (UW) in 68 subjects. The mean difference in
% fat (BP-UW) was - 0.3 + 0.2 (SEM) with a 95 % Cl of-0.6 to 0 % fat. The regression line equation
(% FATUW = 1,86 = 0.94%FATBP ; r2 =0.93, SEE =1.81) and did not differ by gender. According to
these findings; the authors suggest that the BOD-POD is a "reliable and valid method for determining
% fat in adult humans in comparison to hydrostatic weighing and because of its quickness and
simplicity of operation, may be useful to accommodate obese, elderly and disabled individuals".
Further work is needed to establish the precision and accuracy of this technique across the range of
potential subjects.

2.6.2. Plethysmographic measurements

A pilot study has been conducted on ten females 28-56 years and a BMI range 18 to 45 who
were also dosed with deuterium and measured for skinfold thickness at four sites and bio-electrical
impedance. Subjects were measured in the morning after 2-3 hours fast, after voiding, with either a
tight swimsuit or tight underwear and a swimming cap to cover hair. All subjects went through a
training session in which body weight, body volume and thoracic gas volume were measured [20].

2.7. Dietary studies

Distribution of energy intake and its relation to fat, protein, carbohydrates and alcohol will be
assessed by the 24-hour dietary recall method on at least two separate occasions throughout a one
year period. Nutrients analysis will be done using a computer program developed at CIAD A.C. [21]
and national food composition tables [22] as well as other sources [23].

2.8. Physical activity by questionnaire

Physical activity will be obtained through a questionnaire which has been adapted, to take into
consideration the work and leisure activities similar to the one used with the Mexican Pimas [5]
adapted from Kriska et al [24].

3. RESULTS

Results to be presented are partial, covering 141 subjects in most cases and only few subjects
in two of the pilot studies.

Table I presents the physical characteristics of the subjects studied. Mean values for age,
weight, height, BMI, weight/height ratio, and % fat as determined by bio-electrical impedance are
presented for 83 females and 58 males, a total of 141 subjects. The mean BMI was not different
between the female and male subjects, however females had 8% higher fat content. A high
percentage (55%) of the individuals studied, both male and female, were considered overweight with
BMI'S >25 and 17 % of the subjects were obese with BMI >30 (Figure 1).
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Table II presents the risk indicators in subjects with normal and impaired glucose tolerance. Of
the 22 subjects diagnosed with abnormal glucose values, using WHO criteria, 19 had impaired
glucose tolerance and 3 had diabetes. Subjects with abnormal glucose values had significantly higher
weight (p<0.008), larger waist/hip ratio (p<0-003), higher % body fat (p<0.01), higher systolic and
diastolic blood pressure (p<0.01; p<0.009 respectively) than normal subjects after adjusting for sex
and age.

there were no significant differences in total serum cholesterol, HDL-cholesterol, LDL-
cholesterol, and serum tryglicerides (Table III). VLDL-cholesterol is not reported at this time.

Serum tryglicerides and HDL-cholesterol levels were analysed in non-obese and obese
subjects with low and high central adiposity, which were calculated based on a) waist/hip ratio (w/h)
and b) waist circumference alone (we). Serum tryglicerides were significantly lower (p<0.001) in the
non-obese group compared to the subjects in the obese group of both categories, low and high central
obesity. Results were similar, irrespectively of the central obesity indicator utilised (waist/hip ratio or
waist circumference). In both cases, serum tryglicerides tended to be higher in the high central
adiposity group (android shape). However these difference was not significant (Figures 2A.2B).

Obese subjects with high central adiposity by we and by w/h ratio had significantly lower HDL-
cholesterol levels (p<0.001) than non-obese subjects. The same tendency was observed when w/h
ratio was used, however, only the low central adiposity group had lower values than the non-obese
group (Figures 3A, 3B).

3.1. Pilot studies

3.1.1. Comparison of body composition by dilution and air displacement plethysmography
(Bod-Pod)

Ten female subjects, ranging in age from 26 to 57 years, were evaluated on the same day. BMI
ranges were from 18.3 to 46.7. The mean % of fat, as determined by the deuterium dilution method,
was 39.1+ 11.5 and by the Bod-Pod method was 37.8+ 11.5 (Figure 4A). The correlation between
these two methods was r=0.96 with p<0.0001. The data in Figure 4B is presented according to the
statistical methods for assessing agreement between two methods of clinical measurements, as
suggested by Bland and Altman [25].

3.1.2. Physical activity level (PAL)

PAL in men with different occupations was determined by a questionnaire [24,7]. In this pilot
study with 16 subjects, PAL in professional workers was 1.43 + 0.05 and in manual workers it was 1.6
+ 0.07 with a p<0.001. The study identified the different activities in which these two groups were
involved and the time spent in activities of different levels of energy expenditure (Figure 5).
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Figure 4a. Body Composition in Women by Dilution with
IRS and Plethysmography (Bod-Pod)
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Figure 4b. Body Composition by Dilution with IRS and
Plethysmography (Bod-Pod)
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TABLE I. PHYSICAL CHARACTERISTCS OF
SUBJECTS

Variable

Age, y

Weight, kg
Height, cm

BMI, kg/m2

w/h

% fat1

Sex
Females

n=83

35
67.2

160.3

26.1

0.78
34.5

Males
n=58
35.9
79.7
173.9

26.3

0.90
26.9

P

=0.65

O.0001
<0.0001

=0.79
<0.0001
<0.0001

1 Fat by bioelectrical impedance
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TABLE II. RISK INDICATORS IN SUBJECTS WITH
NORMAL AND ABNORMAL GLUCOSE LEVELS

Indicator1 Glucose status
Normal Abnormal glucose* p

n=119
Bodv Size, composition
and blood pressure

Weight, kg
BMI, kg/m2

w/h ratio

Body fat2, %
SBP, mmHg
DBP, mmHg

71.1
25.7

0.83

30.6

110
71

n=22

79
28.9
0.86

35.0

118
76.6

<0.008
<0.002

<0.003

<0.01

<0.01
<0.009

*19 with IGT, and 3 with type 2 diabetes
1 Adjusted for age and sex by co-variance analyses
2 By BEI analyses

TABLE III. RISK INDICATORS IN SUBJECTS WITH
NORMAL AND ABNORMAL GLUCOSE LEVELS

Indicator1

Blood lioids. ma/dL

Total cholesterol
HDL- cholesterol
LDL- cholesterol

VLDL- cholesterol
Tryglicerides

Glucose status
Normal Abnormal glucose*

n=119

181

46
109

133

n=22

174
44

99

165

P

=0.42
=0.37

=0.15

=0.12

*19 with IGT, and 3 with type 2 diabetes
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Abstract

Obesity is an important risk factor for many diseases that contribute to premature death and
illness. Particularly for Maori and Pacific Island people in New Zealand, death rates from
diabetes, stroke and coronary heart disease are much higher than those of other New
Zealanders. We hypothesise that the greater prevalence of obesity in Pacific Island and Maori
groups compared to NZ European is related to metabolic differences. We have already shown
significant differences in body composition and metabolism in young NZ European and
Polynesian women. The goal of the proposed study is to determine whether such differences
are also present among young NZ European, Pacific Island and Maori males.

1. INTRODUCTION

We propose to study 90 weight-stable male volunteers encompassing a broad range of body
fatness drawn from the NZ European, Maori and Pacific Island ethnic groups. Specific measurements to
be undertaken will include resting metabolic rate by indirect calorimetry, total energy expenditure over 14
days by the doubly-labelled water technique, total body fat from dual-energy x-ray absorptiometry,
anthropometry (body mass index, skinfold thicknesses and girths), fat and carbohydrate utilisation from
respiratory quotients and from carbon-13 analysis of expired breath, and dietary intake of macronutrients.

Where significant ethnic differences are found in factors such as metabolism, body composition
and anthropometry it will be possible to design nutrition and exercise strategies to address the increasing
prevalence of obesity in New Zealand, particularly among non-Europeans.

2. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

A previous research project entitled "Energy expenditure and metabolic fuel allocation in
Polynesian and Caucasian women in relation to weight gain and obesity" has been completed [1-10].

Factors measured in this study that were identified in longitudinal studies as influencing
weight gain were ethnic group, percentage body fat, a low relative resting metabolic rate, a low relative
activity level, a low ratio of fat to carbohydrate oxidation, and a high proportion of fat intake in the diet.

The study group comprised 82 women aged 18-27 years. Forty women identified themselves
as Polynesian, 42 as Caucasian. Half of each ethnic group had a body mass index greater than 30
kg.nr2 (range 16.5 to 51.8 kg.nr2).

Body composition was assessed from measurements of total body water using stable isotope
dilution and anthropometry. For the same body mass index (BMI, kg.m'2) Polynesian women have
less fat and more fat free mass than Caucasian. Specifically, the percentage body fat of a Caucasian
woman with a BMI of 25 kg.m"2 was equal to that of a Polynesian woman with a BMI of 28 kg.m"2 [4,6].
Subcutaneous fat distribution was evaluated by comparing the subscapular to triceps skinfold ratio
between the two ethnic groups. Polynesian women had a higher ratio than Caucasian, indicating a
more central distribution of subcutaneous fat (central adiposity). In contrast, the ratio of waist to hip
circumferences, traditionally the "gold standard" of fat distribution for epidemiological studies, was
similar for the two ethnic groups.

Resting metabolic rate was measured in fasting subjects by collecting their expired air,
determining the fuel mix burnt from the proportion of carbon dioxide produced to oxygen consumed
and thus calculating the energy used. The mean resting metabolic rate adjusted for fat-free mass and
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fat mass was lower in Polynesian women (6783 ± 904 kJ.day1) than Caucasian women (7280 + 901
kJ.day""1, p=0.023) [7]. This difference, given equal physical activity for the groups, is equivalent to the
energy in four kilograms of fat in one year.

The enrichment of expired breath with endogenous carbon-13 was shown to be related to the
amount of simple sugar in the diet and to the respiratory exchange ratio [2]. The relationship suggests
that carbohydrate is preferred over fat as the energy source by individuals with a higher percentage of
body fat or more centrally distributed subcutaneous fat. Polynesian and Caucasian did not differ in
the proportions of carbohydrate and fat that they utilised. In the seven day food diaries Polynesian
women reported that they consumed more fat.

Strong correlations between total energy expenditure, fat free mass and resting metabolic rate
were shown [1]. When the data were separated for ethnicity, the fat free mass of the Caucasian
subjects correlated better with total energy expenditure than the Polynesian. As expected the more
fat free mass an individual had, the more energy is used - both at rest and in total. But there was no
difference in total energy used between the ethnic groups - yet those individuals with greater central
fat tended to have higher total energy expenditure.

In a state of stable body composition total energy expenditure should equal dietary energy
intake. The fatter subjects reported less energy intake in comparison to their total energy expenditure
measured by doubly labelled water. The fatter Caucasian women under-reported most. Both ethnic
groups seriously under-reported energy intake.

The metabolic characteristics that have been shown to be different for Polynesian women are
a lower resting metabolic rate and a relatively higher reported intake of fat. Polynesian women and
those with more central fat have a tendency to conserve fat and energy. Although the Polynesian
women used more energy in activity than the Caucasian women, overall they had a greater fat free
mass to support metabolically and physically. Longitudinal studies of these subjects would be needed
to confirm that these characteristics predict weight gain.

The proposed study will extend the examination of ethnic differences in body composition and
metabolism in young women to a similar group of young men.

3. METHODS

Healthy male volunteers between the ages of 18 and 27 will be recruited by advertisement and
personal contact. We have chosen to measure a total of 90 volunteers; with 30 in each ethnic group.
Ethnicity will be by self-identification as first defined in the 1991 Census as the ethnic group that
respondents consider they 'belong to'.

Specific measurements to be undertaken include resting metabolic rate by indirect calorimetry;
total energy expenditure over 14 days by the doubly-labelled water technique; total body fat from dual-
energy x-ray absorptiometry; anthropometry (body mass index, skinfold thicknesses and girths); fat and
carbohydrate utilisation from respiratory quotients and from carbon-13 analysis of expired breath; and
dietary intake of macronutrients. Glucose tolerance, insulin, thyroid hormone and blood lipid
determinations will also be performed.

4. PROPOSED WORK

4.1. General hypothesis

The greater prevalence of obesity in Pacific Island and Maori groups compared to NZ European
is related to metabolic differences.

4.2. Specific hypotheses

a) Maori and Pacific Island men have a lower relative resting metabolic rate than NZ
European men.

b) The commonly accepted BMI ranges for categorising non-obese and obese NZ
Europeans are inappropriate for Maori and Pacific Island men.

c) Maori and Pacific Island men are not less active than their European counterparts.
d) Maori and Pacific Island men eat similar food and proportions of fat and carbohydrate as

their European counterparts.
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4.3. Study protocol

Volunteers will be asked to present to the body composition facility in the Department of Surgery
in the morning after an overnight fast, having refrained from exercising that morning, and to bring a
sample of their morning urine with them. Height and weight will be measured followed by a dual-energy
x-ray absorptiometer (DEXA) scan during which volunteers can relax in a supine position for
approximately 30 minutes. Resting metabolic rate (RMR) will be measured by indirect calorimetry over
about 30 minutes immediately following this scan. During this procedure a 2-minute breath sample will be
obtained in a Douglas bag. Anthropometric measurements will then be made, and a blood sample taken
for fasting glucose concentration as well as insulin concentration, blood lipids and thyroid function. The
volunteers will then drink a dose of doubly-labelled water and 75g of glucose for the standard glucose
tolerance test [11]. A 7-day food diary will be given to each volunteer after discussion of the method for
completing this. A glucose tolerance test will be performed over the subsequent 2 hours during which
blood samples will be taken every hour. Water is allowed ad libitum during the 3.5 hour period of the
study.

On days 1, 2, 7, 13 and 14 following this first visit, timed urine samples will be collected from
each participant. Also on day 7 body weight will be recorded and the 7-day food diary will be collected.
On day 14, participants will return to the laboratory for a repeat measurement of RMR and measurement
of body weight. The participants will visit the laboratory three times each.

4.3.1. Anthropometry

Measurements of weight and height will allow BMI (weight/height squared) to be calculated.
Sitting height will also be recorded. Skinfold thicknesses as the average of triplicate measurements using
Harpenden callipers will be measured at biceps, triceps, subscapular, suprailiac, abdominal, front thigh
and medial calf sites following standard techniques [12]. Girth measurements at waist, hip, biceps, calf
and thigh will be carried out according to the guidelines of the Hilary Commission Life in New Zealand
Survey [12,13].

4.3.2. Total body fat and fat distribution

Total body fat will be measured in two ways:

(1) Using 18O dilution measurements of total body water as described below. This method was
used in our study of Polynesian and NZ European women and results based on this approach will
provide an important comparison with the earlier study.

(2) Using dual-energy x-ray absorptiometry (Model DPX+, Lunar Radiation Corporation,
Madison, Wl). While the use of this technique as a "gold-standard" for fat measurement is still under
debate [14] it possesses a number of advantages over traditional fat estimation techniques. Principal
among these is its high precision (better than 3% for total body fat mass [15-18]. Partitioning of the body
into the three compartments, fat, lean soft tissue and bone mineral, is obtained by whole-body scanning
on this machine. Regional analysis can subsequently be performed to obtain fat content of peripheral
and central regions of the body [18]. A limitation of the machine is the size of the scanning area.
Volunteers whose body dimensions exceed those of the scanning area can be measured successfully by
scanning one side of the body only as described by Tataranni and Ravussin [15].

4.3.3. Resting metabolic rate

Resting metabolic rate will be measured by indirect calorimetry (Deltatrac MBM-100, Datex
/Instrumentarium, Helsinki).

4.3.4. Total energy expenditure

The doubly-labelled water technique will be used to measure total energy expenditure [19]. Oral
doses of labelled water will be given to each volunteer based on fat-free mass determination by DEXA.
Urine samples collected over the 14-day period of the study for each volunteer will be stored at -20°C
prior to shipping to Dr Andrew Coward at the Dunn Nutrition Laboratories for analysis. The 18O and 2H
dilution spaces (averages over the 14-day study period) will be calculated by using the multipoint slope-
intercept method as described by Coward [20]. From the disappearance rate constants for the two
isotopes carbon dioxide production will be calculated as described by Coward [20] and total energy
expenditure will be determined from rate of CO2 production and the food quotient using the formula of
Weir [21].
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4.3.5. Breath analysis

During the measurement of resting metabolic rate samples of expired air will be collected and
stored in glass prior to sending to Professor Warwick Silvester at the Stable Isotope Laboratory,
University of Waikato for analysis for carbon -13.

4.3.6. Dietary intake

Over the 7 days following the first visit to the laboratory a food diary will be completed by each
volunteer to assess usual dietary intake. The diets will be analysed for macronutrient and fruit and
vegetable intake. The amount of enriched carbohydrate intake (cane sugar and maize) will also be
determined.

4.3.7. Data Analysis

Analysis of covariance will be used to establish differences in RMR and TEE between the three
ethnic groups by controlling for differences in fat-free mass which bears a strong linear relationship with
RMR and TEE [22]. Correlations between BMI and height will be compared for the three groups and
regression analysis will be used to examine the dependence of percentage body fat on BMI. Differences
between the ethnic groups in terms of subcutaneous fat distribution (e.g triceps to suprailiac skinfold
ratio) and waist to hip girth ratio will be examined and compared with results of regional DEXA analysis
for fat in limb, abdominal and hip areas. Multiple regression will be used to look at associations between
the respiratory exchange ratio, carbon-13 enrichment of expired breath, the reported quantities of sugar,
fat and carbohydrate in the diet and ethnic and body composition.
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MEXICO

Dr. Mauro Valencia Juillerat
Centro de Investigado en Alimentación y
Desarrollo (CIAD)
Carretera a la Victoria Km 0.6
Apartado Postal 1735
Hermosillo, Sonora
Mexico 83000
Tel.: +52 62 800094
Fax: +52 62 800094
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Private Bag 902006
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Tel.: +64 9 3079999 ext. 8091
Fax: +64 9 307 9973
E-mail: elaine.rush@ait.ac.nz
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Tel.:+44 171 2994685
Fax: +44 171 2994666
E-mail: andrew.prentice@lshtm.ac.uk
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MIM Centre, City University
Northampton Square
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tel.: +44 171 4778348
fax:+44 171 4778364
e-mail: r.hovorka@city.ac.uk

Dr. Ed Saltzman
Energy Metabolism Laboratory
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Fax:+1 617 556 3224
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AGENDA

DATE DAY TIME

03-May-99 Mon 9.30
10.00
10.15
10.30
11.30
12.30
14.00

15.15
15.30
16.45

04-May-99 Tue 9.00
10.15
10.30
12.30
14.00

15.15
15.30
17.00

05-May-99 Wed 9.00

10.15
10.30

12.30

ITEM

Welcome- an introduction to IAEA activities in Human Health
Administration matters, adoption of Agenda
Break
CRP concepts
"How well can we measure insulin sensitivity?"
Lunch
Country presentations (India and UK)

Break
Country presentations (China)
Close for NAHRES reception

Role of ACC/SCN in world nutrition
Break
Country presentations (Brazil and USA- Tufts)
Lunch
Country presentations (Chile, Cuba, Mexico)

Break
....continued
Close

Putting ideas into action - the work of the Department of Technical
Cooperation
Break
Country presentations- the African diaspora (Jamaica, Nigeria and
USA-Houston)
Lunch

SPEAKER

Dr Steffen Groth

Andy Coward
Dr Roman Hovorka

CHAIR

Andy Coward

Dr Andrew Prentice
Dr Andrew Prentice

Dr Chittaranjan Yajnik and Dr Andrew Dr Terrence Forrester
Prentice

Dr Guansheng Ma Dr Terrence Forrester

Dr Sonya Rabeneck Dr Guansheng Ma

Dr Ana Sawaya and Dr Ed Saltzman Dr Guansheng Ma

Dr Erik Diaz, Dr Manuel Hernandez, Dr Dr Elaine Rush
Mauro Valencia

Mr Jan Lodding

Dr Terrence Forester, Dr Debo
Adeyemo, Dr Farook Jahoor

Dr Mauro Valencia



AGENDA

DATE DAY TIME ITEM SPEAKER CHAIR

14.00 ...continued
15.15 Break
15.15 Update on world-supply of oxygen-18
16.00 Close
19.00 Dinner in Vienna

Andy Coward Dr Debo Adeyemo

06-May-99 Thu 9.00 Country presentations (New Zealand)
10.15 Break
10.30 General discussion- critical appraisal of programmes, how can we

collaborate (agreement on methodologies and protocols)
12.30 Lunch
14.00 Formalising workplans, development and modifications to projects
15.00 Break
15.15 Formalising workplans, development and modifications to projects
17.00 Close

Dr Elaine Rush Dr Debo Adeyemo

Dr Farook Jahoor

Andy Coward

07-May-99 Fri 9.00 Review of the RCM- what have we learned, presentation of project
revisions, RCM documentation, dissemination of knowledge within the
CRP, publishing policy.

10.15 Break
10.30 ....continued
12.30 Lunch
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REPORT ON THE SUPPLY AND DEMAND OF 18O ENRICHED WATER

AD HOC COMMITTEE OF THE NORTH AMERICAN SOCIETY FOR THE STUDY OF OBESITY,
21 JANUARY 1999

1. Statement of the Problem

Oxygen-18 is a stable isotope that is used as a tracer for several biomedical applications. The
two primary applications are the study of organismal energy expenditure and organ specific utilization
of glucose. The former uses 18O along with deuterium to measure carbon dioxide production of free-
living animals and humans. Total energy expenditure is calculated from carbon dioxide production
using the standard equations of indirect calorimetry. The later uses 18O as a precursor for the
production of 18F, a radionuclide that is incorporated into glucose homologues and injected into the
circulating blood. When the glucose homologues are taken up by an organ (usually brain), the organ
can be imaged using positron emission tomography (PET).

Both of these techniques have become major research and, in the case of PET, diagnostic tools
during the last decade. This growth in the use of these tools has increased the world-wide demand for
18O in the form of water. In 1998, this demand could not be met by suppliers and significant delivery
delays have been encountered by many investigators and clinicians. Some suppliers are quoting
delivery delays of a year. These delays have disrupted on-going research and delayed the start of
new projects. The shortage has resulted in a price increase of nearly 50% in 18O water.

The disruption of 18O supply in 1998 is the second such disruption in the past decade.
Commercial suppliers could not provide sufficient product in late 1990 following the forced closure of
the US government production facility at Los Alamos Laboratory. Delivery delays lasted throughout
1991.

In August of 1998, the council of the North American Association for the Study of Obesity
formed an ad hoc committee to gather information regarding the supply and demand for 18O and to
investigate potential solutions to the problem. The committee was chaired by Dale A Schoeller
(University of Wisconsin). Members included James DeLany (Pennington Center), Van Hubbard
(NIDDK), Peter Jones (McGill University), and Klaas Westerterp (Maastricht University, IASO
member). In addition there were three consultants: Andrew Coward (IAEA), Gerald Kuhs (Institute for
Clinical PET), and Richard Troiano (NCI).

2. Demand for 10 Atom Percent 18O Water

The demand for 10% 18O is almost exclusively dictated by its use for measurement of total
energy expenditure by the doubly labelled water method. Of this usage, the vast majority is used by
those measuring human energy expenditure. To estimate world demand for 10% 18O, we assembled a
list of investigators who have published papers in which the doubly labelled water method was used,
or who have recently received grant funding for a doubly labelled water study. Individuals on this list
were contacted and ask to report how much 18O they used in 1997 and 1998 and to project usage for
1999 and 2000. To this total, we added 5 kg for the use by the wildlife ecologists and comparative
zoologists for animal studies. There were 52 investigators from 10 countries in North America and
Europe. The response rate was 79% and it included all the major isotope ratio mass spectrometry
centres so it is unlikely that a major user did not report. Use was expressed as kg of 10 atom percent
water. The equivalent weight of 95% atom percent water is given in parentheses. Number of doubly
labelled water studies was estimated assuming 90 g used each adult study, 40 g for a paediatric study
and a 70/30 split between adult and paediatric studies.

1997
1998
1999
2000

142 kg (15 kg)
171 kg (18 kg)
306 kg (32 kg)
237 kg (25 kg)

1900 studies
2300 studies
4100 studies
3200 studies

The number of non-responders should not add dramatically to the total use because they are
not associated with major isotope ratio mass spectrometry centres and thus are limited in terms of
analytical throughput. They may increase utilization, but the increment should not exceed 10%. No
adjustment is made in our estimates for this factor, because we believe the information provided to us
by responders probably overestimates usage slightly.
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3. Demand for 95+ Atom Percent 18O Water

In a 1997 marketing report, Frost and Sullivan estimated the number of PET studies using 18F
FDG to increase at the following rate:

1998
1999
2000
2001

70,000 scans
140,000 scans
310,000 scans
650,000 scans

These numbers are based on the proliferation of dual purpose PET/SPECT imaging scanners
and reimbursement approval of PET scans by Medicare.

Each "batch" of FDG produced uses one or more target irradiations of 18O water to produce 18F
for the FDG synthesis. Each FDG synthesis produces enough FDG for one or more doses. The
variables that must be considered are: the quantity of 18O water in the target load, the duration of
irradiation, (hence the amount of 18F produced), the percentage yield of the FDG synthesis, and the
proximity of the patients to the FDG production site (decay in transit). It is our best estimate that
currently each patient dose produced uses approximately 0.33 gm of 18O water. As the number
scanners increase and the proximity of patients to the production site decrease, the number of doses
per batch of FDG produced should increase. In our estimation the number of grams of 18O water per
patient dose should decrease on the following schedule: 1999, 0.25 gm/dose; 2000, 0.2 gm/dose;
2001, 0.15 gm/dose.

Multiplying the number of estimated scans by the amount of 18O water per scan produces the
following estimated need for 18O water in the US:

1998
1999
2000
2001

70,000 x
140,000
310,000
650,000

0
X
X
X

.33 gm
0.25 gm
0.20 gm
0.15 gm

23.1
35.0
62.0
97.5

Kg
Kg
Kg
Kg

As the demand increases, it is our belief that a number of facilities will begin to recover the
irradiated 18O water after removing the 18F produced with an ion exchange column. Using current
technology, it is possible to recover, re-distill, and re-irradiate recovered 16O water at least once
without further isotopic enrichment. We believe that this process will diminish the demand for 18O
water by 25% in 1999, 35 % in 2000, and 50 % in 2001. Recovery and reprocessing will result in the
following adjusted U.S. demand:

1998
1999
2000
2001

23.1
26.3
40.3
48.8

Kg
Kg
Kg
Kg

We were not able to gather usage information for PET outside of the U.S. Data that was
collected for the use of 10% 18O, however, indicated that the U.S. usage accounted for 89% of the
world-wide market. If this same factor is applied to PET demand, then the adjusted world-wide usage
increases. In addition, other uses such as synthesis of tracers other than water a guessed to require
an addition 2 kg each year. Total world-wide, adjusted 95+% 18O water demand is estimated to be:

1998
1999
2000
2001

28 kg
32 kg
47 kg
57 kg

4. Combined 18O Demand

The total world-wide demand for 18O is estimated from the sum of uses for 18O water at 10%
and 95% enrichments. PET usage for 1997 was not available, but a figure of 15 kg was estimated by
back extrapolation of number of scans (1997=35,000) and per scan 18O use (1997=0.41 gm). The use
of 10% 18O for 2001 was not collected, but usage is estimated as the average of the projections for
1999 and 2000. The results are expressed as kg of 95% 18O water.
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1997
1998
1999
2000
2001

31 kg
46 kg
64 kg
72 kg
86 kg

5. Production Capacity

There are four commercial 18O producers in the world. These are, in alphabetical order,
Cambridge Isotope Labs (U.S.), Isonics (Russia), Isotec (U.S.) and ROTEM (Israel). The capacity of
these producers is not directly available. These producers isolate 18O by distillation of water or nitrous
oxide using large, steady state distillation columns. The production capacity can be estimated from the
number and types of columns. For 1997, the world-wide production capacity of 95+% 18O water was
estimated to be 35 kg.

The production capacity for 1998 was estimated to decrease. This resulted from a temporary
shut down on the part of one of the major producers during a move to a new production facility, and
temporary reduction in sellable product as another producer directed a portion of their production to
bring a new distillation column on-line in 1999. The estimated production for 1998 was reduced to 20
kg-

Increases in production capacity for 1999 are predicted. This includes a return to 1997 levels of
production for the extent columns. In addition, the producers have additional columns under
construction. These new columns are expected to come on-line during 1999 and 2000. Production
capacity, expressed as 95+% 18O water for the period 1997-2001 is estimated as:

1997
1998
1999
2000
2001

35 kg
20 kg
65 kg
85 kg
100 kg

6. Production Shortfall and Potential Solutions

Comparison of the usage and production estimates indicates that there is a shortage of about
22 kg of 95+% equivalent 18O water. While this may have been buffered by producer's inventories and
materials already in the hands of end users, the shortage became acute in first half of 1998. While
supply is estimated to meet demand for 1999, estimated production capacity of 1999 is not sufficient
to eliminate the backlogged demand until 2000, unless additional steps are taken. One potential
solution would be to put more production columns on-line. Unfortunately, this is not an immediate
solution. A new column requires an investment of $3-5 million, 9-12 months to build plus 6-9 months
to bring to equilibrium before production of the specified 18O enriched product. It might be possible to
speed up this process if a currently unused column is brought into production. This would reduce cost
and construction delays. Although the exact location and condition of such columns is unknown at this
time, members of the committee are aware that the Russian (Georgian?) plant is not producing at full
capacity. The reason for this is unknown, but it is assumed to be related to a combination of shortage
of capitol for repair/upgrade, loss of workers following the civil disturbances of the early 1990s, and
transportation problems. Three other producers have gone out of production and the fate of their
columns is unknown. These include a 13C production unit at PROCHEM (U.K.), an 18O distillation unit
at Los Alamos Labs (U.S.), and a water distillation unit in Karlsruhe (Germany). The columns at
PROCHEM and Los Alamos were generally believed to have been old and may well have been
scraped. The Karlsruhe unit may have been sold to British Oxygen and later to a U.S. company.

Another potential short term solution is recovery of excess 18O from other isotopic production.
The production of 13C generally involves distillation of carbon dioxide. The resulting 13CO2 is also
enriched in 18O. This might be recovered by reduction to methane and water, but the 13CH4 must be re-
oxidized before it is useful for synthesis of 13C labelled compounds. The 18O might also be partially
recovered by equilibration with water, but this would severely reduce the 18O enrichment. Production
of deuterium by water distillation also enriches the 18O, but this too is generally a low enrichment
product. Neither method is cost effective at 1997 prices, but might be cost effective at current prices.
The enrichments are low and cannot meet the needs of PET users, but most doubly labelled water
users can use 5 atom percent water and some can even use 3 atom percent 118O water. It is a curious
observation that until the mid-1980s, 18O was a by-product of 15N production and generally went
unsold.
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Alternate production methods should be explored given the growing market for 18O and the cost
limitation of distillation. Although still distillation based, one alternative might be to construct an O2

distillation unit. This should be less costly to build and run that current nitrous oxide or water
distillation units, but it could only produce low enrichment water for use by the doubly labelled water
community. A diffusion based system of enriching water has been said to be effective (DISOTEK,
http://www.incubators.org.il/27008.htm), but attempts to contact the company have failed. Other
technologies such as laser based separations may offer low cost alternatives to distillation. It should
be noted that NIH has included the development of new technologies for 18O production among its
request for proposals for the small business grant program.

A final potential solution that is of particular interest, because it could be implemented in the
shortest time and thus eliminate the shortage during 1999, is recycling of the used 18O water from PET
facilities. During use for PET, the water becomes contaminated with heavy metals sputtered from
target and becomes diluted. The metals can be removed by ion exchange chromatography, but the
dilution limits the utility for PET because 16O yields products that interfere with the 18F imaging. It
should be noted that the 18F contamination is of little concern because the half-life is less than 2 h. As
such, the radioactive 18F is reduced by a factor of more than 8000 every 24 h. The recycled 18O water
would be of use for low enrichment applications including doubly labelled water and some of the PET
applications. The limitation for doubly labelled water use would be an assurance of purity so that it
could be ingested by humans. EPA specifications for drinking water purity are published on their web
site (http://www.epa.gov/OGWDW), although human use committees might well request a further
reduction with regard to the presence of radionuclides. An assurance of radionuclides concentrations
at or below the 1-5 picocurrie/L range, which would be less than EPA standards, might eliminate any
such concern.

7. Additional considerations

There are several variables that were not considered in this report. One is that investigators
might abandon current research during the present shortage and redirect their efforts to projects that
do not require 18O. This is has occurred during 1998, but it is not clear if the trend will continue as
supply improves. Indeed, only one investigator indicated that the 18O shortage had caused him to
abandon future planned studies indicating that a significant shift in investigator focus is unlikely. We
also did not consider the potential increase in demand that might accompany increased funding from
NIH. It is not unreasonable to conclude that demand will grow an additional 10% each year if NIH
funding increases by 10%. Based on similar reasoning, however, the 50% increase in cost may
reduce usage and cancel the effect of increased NIH funding. Lastly, in making our production
projections, we made no attempt to estimate the likelihood of plant failures that might reduce
production on a temporary basis. All of these factors are difficult to include in the production and
demand estimates. The effect, however, is likely to lead to a modest increase in demand and
decrease in production. The exception to this would be increased production resulting from additional
investments in new production facilities, which would increase production beyond the estimates made
in this report.
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XA0054851

STANDARDIZATION OF METHODOLOGIES USED IN CRP (E4.30.ll):
'Application of nuclear techniques in the prevention of degenerative diseases (obesity

and non-insulin dependent diabetes) in ageing"

A. SUBSTRATE METABOLISM

1. Homeostatic Model Assessment (HOMA) & Oral Glucose Tolerance Test (OGTT)

• insulin (DAKO kits)
• C-peptide (DPC or NOVO kits)
• glucose oxidase

• glycemic index (protocol - Erik Diaz)

OGTT

Blood collection at:

oral glucose load

I
-15 - 10 -5 0 30 120 min.

glucose load >=> 75 g anhydrous glucose in 300 ml water, over 3-5 mins. (1.75
g/kg no more than 75g in children)
keep blood samples in ice
blood collection tubes >=> NaEDTA and Fluoride
aliquot samples and store at -80°C

2. LIPIDS PROFILE

Cholesterol/Tryglicerides/High-density-lipoprotein (Boehringer kits)
Low-density-lipoprotein = calculated
free- fatty acids (Boehringer/Wako kits)

3. OTHER

cytokines: Interleukin-6, Tumor necrosis factor a
endothelial markers
-> e-selectin
-> von Willebrand factors
leptin
Insulin-like growth factor - 1
blood pressure (OMRON equipment)
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B. ANTHROPOMETRY/BODY COMPOSITION

1. Manual available for following measurements:
• weight
• height
• waist/hip ratio
• head circumference
• mid-arm circumference
• mid-thigh circumference
• skinfolds - DURNIN
• sitting height

2. BIA (bioelectrical impedance equations)
3. DEXA (dual energy x-ray absorptiometry)
4. BOD POD (air displacement plethysmography)
5. 2H20 (saliva or urine)
6. CAT scan

C. ENERGY EXPENDITURE/DIET

1. Energy expenditure

• Resting metabolic rate (RMR)
• Doubly labelled water (DLW)
• heart rate monitoring
• physical activity monitor (TRITAC or CALTRAC)
• physical activity questionnaires

2. Dietary Assessment

• 24-hour recalls
• food frequency questionnaires
• food records (weighed or recorded)
• food composition data
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CO

STANDARDIZATION OF METHODOLOGIES

Substrate Metabolism Anthropometry/Body Composition Energy Expenditure/Diet

INDIA

BRAZIL

MEXICO

CHILE

JAMAICA/NIGERIA

CUBA

CHINA

NEW ZEALAND

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Diet

X

X

EE

EE

X

X



BRAZIL

DR. ANA LYDIA SAWAYA

Narrative Summary

Overall Objective

To define the extent of altered
glucose and lipoprotein
metabolism in a population of
previously malnourished
Brazilian children in
comparison to never-mal-
nourished children

Specific Objective

1. To document the extent of
impaired glucose and
insulin levels in the target
populations

2. To measure differences in
total cholesterol, HDL,
and triglycenides in the
target populations by RIA
and other techniques

3. IGF-7 and IGFBP-3

Outputs

1. Fasting insulin, glucose
2. Total cholesterol, HDL,

triglycenides
3. IIGF-7 and IGFBP-3
4. Insulin sensititiy by

HOMA; OGTT - extra
funding required

Activities

1. Anthropometry (head
circumference; extra
funding required)

2. Specific assays conducted
3. Analysis

Objective
Verifiable
Indicators

N/A

1. Development of
protocols for each
measurement

2. Development of
assays

Data production

Data production for
narrative progress

Means of
Verification

N/A

Submission of
proposed plans for
testing

Progress reports

Progress and final
reports

Important
Assumptions

N/A

1. Adequate
number of
subjects are
available

2. Risk factors
as measured
imply
increase of
risk during
later years

New extra
funding will be
necessary for
analysis and
recruitment.

1. Extra funding
was available
and
recruitment
and analysis
were
performed.

2. Sub-contracts
for sample
analysis was
approved.
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CHILE

DR. ERIK DIAZ

Narrative Summary

Overall Objective:
To assess the energy
metabolism in
normal and obese
women
Specific Objective:
To assess:
1. Carbohydrate and

fat oxidation of
usual meals

2. Glucose and
insulin response to
meals

3. Fatty acid
composition of
meals and plasma

4. Oxidation of
labelled starch and
palmitic acid

Outputs:
1. Differences in the

rate of fat and
CHO oxidation
between obese and
normal women

2. Differences in
glucose
metabolism
between obese and
normal women

3. Dietary guidelines
based on
insulinemic
response of meals
to prevent obesity

Activities:
1. Define test meals

according to
insulinemic
response

2. Recruit subjects
3. Data collection
4. Dissemination of

results

Objective Verifiable
Indicators

N/A

1. CHO and fat
oxidation

2. Plasma glucose
and insulin levels

3. Type of fatty acids
in meals and
plasma TG

4. Rateof13CO2

production

1. Significant
differences in the
percent of fat and
CHO oxidised
between groups

2. Glucose and
insulin levels in
plasma

3. Educational
messages for the
prevention of
obesity in the
population

4. Results presented
in scientific
meetings

1. Consent forms
signed

2. Classification of
meals by insuli-
glycaemic
response (GR)

3. Samples analysed
4. Publications and

reports

Means of
Verification

N/A

1. Indirect
calorimety

2. Laboratory results

3. Fatty acids profile

4. Percent recovery
of labelled
products

1. Comparison of the
results obtained by
similar studies

2. Number of articles
and documents
produced to
disseminate the
results

3. Production of
educational
material

1. List of GR of
usual meals

2. Data analysed
3. No. of articles,

CRP reports,
national level
reports

Important
Assumptions

N/A

1. Complementary
funding is
obtained

2. Sub-contract is
awarded for
glucose, insulin
and fatty acid
analyses

1. Results are
applicable to
public health
purposes

1. All activities are
performed
according to plan
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CHINA

Dr. GUANSHENG MA

Narrative Summary

Overall Objective

To investigate risk factors for
obesity and NIDDM in Chinese
populations

Specific Objective

1. To investigate the effects of
dietary factors and physical
activity on body composition

2. To investigate the risk factor for
obesity development

3. To investigate the risk factors
for NIDDM

Outputs

1. Increase prevalence of obesity in
China

2. Middle-aged adults are
susceptible to the lifestyle
transition

Activities

1. Apply for CRP
2. Attend 1st RCM
3. Implement study
4. Attend 2nd RCM
5. Publications in national and

international journals.

Objective Verifiable
Indicators

N/A

1. Research contract
signed

2. Compatible
approaches to the
objectives
developed.

1. Data collected in
line with the
specific objective.

1. Contract signed
2. Attend 1st RCM
3. Implement study
4. Attend 2nd RCM
5. Results available

Means of
Verification

N/A

1. Progress
reports

2. Publications
3. Recommenda

tions to
Ministry of
Health

1. Finalize
protocol

2. RCM reports
3. Data

collected
4. RCM reports
5. Article

published

Important
Assumptions

N/A

1. Technical
support from
USDA Human
Nutrition
Research
Center at
Tufts
University

1. High quality
data produced.

1. Join CRP
2. Provide

protocol
3. Provide data
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CUBA

Dr. MANUEL HERNANDEZ TRIANA

Narrative Summary

Overall Objective
Determination of the
energy requirements of
apparently healthy
elderly people with
high physical activity
levels and the relation
between glucose
tolerance and physical
activity
Specific Objective
To look for he
association between the
levels of physical
activity and the
incidence of obesity
and NIDDM

Outputs
1. Information about

the association of
the level of physical
activity with one of
the first death
causes in Cuba.

2. Development of an
adequate health
politics on the
prevention of
chronic diseases

Activities

Recruitment of 250
subjects older than 60
years from a rural
community

Assessment of
nutritional status by:

Anthropometry

Objective Verifiable
Indicators

Standardization of
techniques and
protocols
• Total energy

expenditure
• Physical activity
• Glucose tolerance

Production of data
related with those
indicators

• Health status by
family,
epidemiological and
medical history

• Blood pressure

Wt. Ht. waist/hip,
sitting Ht, armspan,
skinfolds

Body composition

Means of Verification

Results of the first
meeting

Standardised methods
to be used by all
participants

Reports
Publications

Hypertension if values
> 160/95 or currently
on treatment

Anthropometric
measurements with
defined and
standardised methods

Bioelectrical
impedance
anthropometry
deuterium dilution

Important
Assumptions

Sub-contract with
partner institutions
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Assessment of glucose
metabolism

Assessment oflipid
metabolism

Physical activity

Selection of apparently
40 healthy subjects

Diet

Assessment of TEE

TEE

Classification of IGT
and diabetes by
HOMA and OGIT
methods

Cholesterol
HDL-Cholesterol
Triglycerides
LDL-Cholesterol

Physical activity

Classification of health
by clinical status

Dietary supply of
energy and nutrients
intake

RMR
Heart rate monitoring

Plasma insulin by
DAKO
C Peptides (NOVO,
Copenhagen
Plasma glucose
(Glucose oxidase)

Cholesterol oxidase
method
(Boehringer-Manheim)

Shofield equations
Questionnaire
HRFlex method

Clinical examination
Possibility of DEXA

7 days weighing
method

Ventilated hood

DLW method

Health will be defined
as the absence of
clinical signs and
symptoms. Assumption
that enough subjects
could be collected.

Isotopes available
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INDIA

Dr. C.S. YAJNIK

Narrative Summary

Overall Objective

To correlate insulin
resistance variables with
total body fat in urban and
rural Indians

Specific Objective

1. To measure total body
fat, insulin resistance and
pro-inflammatory
cytokines in urban and
rural Indians.

2. To calibrate bioelectrical
impedance measurement
of total body fat against
deuterated water method

Outputs

1. Anthropometric
measurements,
bioelectrical impedance
measurements and D20
results.

2. Insulin resistance
variables (glucose,
insulin, HOMA, lipids,
blood pressure).

3. Circulating cytokines
and endothelial markers

Activities

1. Population sampling
2. Clinical and biochemical

measurements
3. Analysis of data

Objective Verifiable
Indicators

N/A

Number of
measurements made.

1. Number of
subjects included

2. Number of
measurements
made

3. Results - tables

Means of
Verification

N/A

Progress report

Progress report

Progress report
and publications

Important
Assumptions

N/A

1. Infrastructure and
technical
expertise exists.

2. Enough funds are
available for all
measurements
including sub-
contract for D20
measurement.

The proposed work is
done as per schedule
and enough funds are
available. External
contracts will need to
be signed for D20
measurements.

The proposed work is
done as per schedule
and adequate funds
are available.
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JAMAICA/NIGERIA

Dr. T. FORRESTER - Jamaica

Dr. A.A. ADEYEMO -Nigeria

Narrative Summary

Overall Objective
Research usig DLW,
Dx), RIA to improve
knowledge of the
factors contributing
to deterioration of
impaired glucose
tolerance to frank
diabetes in 2
countries undergoing
epidemiologic
transition, Jamaica
and Nigeria
Specific Objectives
To measure relative
contribution of
physical activity,
body composition
and changes in these
exposures over time
on the risk of
converting from IGT
to NIDDM

Outputs
Identification of
strength of
determinants in
relation to risk of
NIDDM diabetes
This information
made available for
policy decisions
Activities:
Revised proposal
Technique
acquisition
Experimentation'
Data analysis
Report writing

Objective Verifiable
Indicators
N/A

Research contract
and agreement with
IAEA
Performance of
experiments in 300
IGT subjects and 150
controls

Completed analysis
of data
Publication of
findings

Revised proposal
Revised methods
Detailed protocols
Results available for
publications
Reports and
publication

Means of
Verification
N/A

Signed contract
project proposal
Data analysis related
to experiments

Report to IAEA
Publication in
scientific literature

Proposal
Protocols
Report
Publication

Important
Assumptions
N/A

Core study for
conduct of
epidemiology funded
and operational
18O available
Complementary
methods to assess EE
in existence
Sub-contract for
analyses available

Study proposal and
conduct meets
minimum
requirements of
scientific field

Techniques,
equipment and
supplies available
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MEXICO

Dr. MAURO E. VALENCIA

Narrative Summary

Overall Objective
To evaluate risk factors for type II
diabetes and CVD disease in
Mexican adults of different socio-
economic levels
Specific Objectives:
To detect diabetes, impaired
glucose tolerance, hyperlipidaemia
and evaluate these problems with
regards to body size, composition
and fat distribution and to
determine insulin sensitivity in at
risk individuals
To measure dietary intake and
physical activity lifestyle risk
factors
To improve BEI equations for
estimating LBM from D-20
dilution studies
To fulfil these objectives, nuclear
techniques like isotopic dilution
and RIA will be used.
Outputs
After first phase, at risk subjects
will be selected and invited to
participate in intervention
programmes based on:
awareness
diet modification
exercise programme

Activities
Recruitment of subjects:
First level of diagnostics: diabetes,
IGT, hyperlipidemia, overweight,
hypertension
Selection of subjects for further
studies: HbAlc. insulin activity by
HOMA. We would aim to do as
many subjects as possible in a
second phase

Objective
Verifiable
Indicators
N/A

Standardization of
techniques and
protocols to be
applied.

Diabetics and IGT
subjects
identification
Identification of
high risk subjects
by body size,
composition and
fat distribution
Compliance to
participate in
intervention
programme

Check advance by
number of
participating
subjects and of first
phase and those to
participate in
second phase.

Means of
Verification

N/A

Report of first
RCM.

Progress reports,
abstracts for
scientific meetings
and papers

RCM reports
produced
Published papers in
scientific journals
and other forums

Important
Assumptions

N/A

Active
participation of
subjects
Inter-technical
support from other
CRP members

Results will be
utilised by health
officials and
authorities for
awareness and
educational
programmes. And
by diagnosed
subjects to make
changes in lifestyle

Data to be
generated and
designs applied
will guarantee high
quality research
products and
publications
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NEW ZEALAND

DR. ELAINE RUSH

Narrative Summary

Overall Objective

Using nuclear tools to asses
energy expenditure and
metabolism, the relationships
of metabolic differences
between Pacific Island Maori
and New Zealand European
to the prevalence of obesity
will be assessed.

Specific Objective

1. Measurement of resting
metabolic rate in
relationship to body
composition and
ethnicity

2. Measurement of activity
levels and dietary intake
in relation to body
composition and
ethnicity

Outputs

Information about ethnicity,
resting metabolic rate, total
energy expenditure and body
composition is acquired.

Activities

1. Report produced
2. Publication of results in

national and international
journals

Objective Verifiable
Indicators

N/A

1. Orders placed for
materials

2. Standard protocols
adopted

3. Ethical approval
applied for

Research protocols
followed and data
produced

1. Report presented to
IAEA RCM

2. Feedback to
community studied

3. Results available by
publication

Means of
Verification
N/A

1. Goods received
2. Methodology

reported
3. Ethical approval

given

1. Progress report
2. Presentation at

national fora

Presentation of
results to
consultative group.

Important
Assumptions

N/A

1. Budget
adequate

2. Doubly
labelled water
available
(especially
18O)

3. Recruitment
of participants
- number and
compliance
adequate

1. Statistical
analysis
possible

2. Data
acceptable
and complete

Quality of data
suitable for
publication.
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