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INTRODUCTION

When industrialization and economic development occur there are substantial changes in
dietary habits and lifestyle. These can adversely affect health status and life expectancy.
Along with all these changes there is an increasingly sedentary lifestyle and presumably
reduced energy expenditure, ultimately leading to weight gain leading to obesity.

Obesity carries a higher incidence of chronic illness including non-insulin dependent diabetes
mellitus NIDDM), heart disease and cancer. A 1999 United Nations study found obesity in
all developing regions, and growing rapidly, even in countries where hunger exists. In China,
the number of overweight people jumped from less than IO percent to 15 percent in just three
years. In Brazil and Colombia, the figure hovers around 40 percent a level comparable to a
number of European countries. Even sub-Saharan Africa, where most of the world's hungry
live, is seeing an increase in obesity, especially among urban women. It is also believed that
early under-nutrition can be predisposing factor for the development of obesity in later life.

Although BMI provides a simple, convenient measurement of obesity, a more important
aspect of obesity is the regional distribution of excess body fat. Mortality and morbidity vary
with the distribution of body fat, with the highest risk linked to excessive abdominal fat
('central obesity'). Central obesity is related to a number of diseases, including cardiovascular
disease (CVD) and non-insulin dependent diabetes mellitus (NEDDM). NE:)DM has many
environment factors as well. For example, NIDDM is most prevalent in developed or
developing countries where it is associated with obesity. NIDDM accounts for 90 to 95
percent of diabetes and develops in adults over the age of 40 and is most common over the
age of 55.

In the developed countries, research using nuclear and isotopic techniques has been
substantially used to examine the physiological and biochemical mechanisms involved in
obesity-related diseases. In 1999, the IAEA started a Co-ordinated Research Project intended
to promote the use of these techniques in the developing world.

The purpose of this coordinated Research project (CRP) is to develop a multi-nation
collaboration in the use of nuclear and isotopic techniques to investigate the aetiology of
degenerative diseases in ageing. The countries participating in this CRP namely Brazil, Chile,
China, Cuba, India, Jamaica, Mexico and Nigeria are going through the epidemiological
transition with changes in life-style to approach those seen in developed nations.



The first Research co-ordination meeting (RCM) of this CRP was held in Vienna in 1999,
May 37. During this RCM a protocol was developed on the standardization of the methods
and techniques that will be used in the projects as highlighted in NAHRES-47. The RCM held
in Kingston, Jamaica, June 28, 2001 is the second one under this CRP.

UPDATING SPECIFIC RESEARCH OBJECTIVES

The objectives of the CRP remain the same as defined during the first RCM. Briefly, This
CRP was set up with the following objectives: (i) to promote the use of stable isotopic
techniques to document the extent of the problem of obesity/non-insulin dependent diabetes
mellitus (NIDDM) and (ii) to understand the determinants of obesity and non-insulin
dependent diabetes mellitus (NIDDM) in developing societies

The specific objectives of this CRP are:

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

PROGRESS TO DATE

The group started discussing the design and plans of the studies which are summarized in
Table 1, appendix 3), followed by presentations of work carried out since the first RCM. The
progress noted was highly satisfactory.

A summary of the main findings as well as the pending work is presented in Table 2,
appendix 4).

In addition, further information on the objectives, methodology and the main results is
presented in Dr. Shetty and et. al report, appendix (5).

MAIN SCIENTIFIC FINDINGS (SEE ALSO APPENDIX 4 AND )

Brazil:

Hypothesis being tested was that living in shanty towns in the city of Sao Paulo, in Brazil
impairs growth and increases risk of stunting and that this stunting may be associated with
alterations in fat patterning, circulating hormones such as insulin and IGF-l as well a
alterations in plasma lipid profiles. 28 stunted children were compared to 30 normal children.
The main results that came out of this study are: (i) the stunted boys and girls demonstrated
delayed Tanner stages of pubertal development, (ii) they had lower systolic blood pressures
but higher diastolic blood pressures, (iii) alteration in insulin profile. It was concluded that the
environment in shanty towns impairs growth potential and that stunted children growing up in
that environment have abnormal Beta-cell function and lower fasting insulin and higher
insulin sensitivity.
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Mexico:

Studies on the risk factors for NIDDM and cardiovascular disease in 350 adults (males 
females) recruited from low and high income socioeconomic groups have shown that: (i) the
prevalence of obesity in this sample was 23.4%, (ii) subjects with abnormal glucose levels
had higher body weight, BNE, waist/hip ratio(W/H), % fat and blood pressure than
normoglycemic subjects. (iii) Subjects with high central adiposity had higher triglycerides and
lower HDL-cholesterol. And finally, (iv) Waist circumference, W/H, BNH showed the best
correlations with glycaemia status, blood lipids and insulin sensitivity.

Chile:

The effects of changes in dietary fatty acid composition on macronutrient oxidation were
studied in normal weight and 6 obese adult women aged between 30-45 years. The study
followed a cross-over design of one baseline measurement and two week periods of
supplementation with either canola oil or sunflower oil with washout in between followed by
the other oil. Results showed that (i) The intervention trial comparing sunflower oil with
canola showed significant modification of plasma fatty acid profiles depending on the oil
supplemented. (ii) there is no difference between controls and obese. (iii) the control subjects
had higher fat oxidation with sunflower compared to canola treatment. (iv) obese women
showed higher carbohydrate oxidation associated with greater insulin response during the
sunflower treatment.

China:

The objective of the study were to compare dietary intakes, physical activity patterns,
anthrometry and plasma insulin, leptin and lipid profile between normal weight, overweight,
and obese adults 152). The main results obtained are: (i) overweight and obese groups have
significantly greater BNH, waist, hip, waist/hip ratio, percent body fat than normal weight
group ii) their total energy and fat intakes were also greater than that in normal group (iii)
their energy expenditure was much lesser than that of normal group. (iv) the obese group had
significantly higher risk of hypertension and higher fasting insulin and leptin levels than
normal weight group.

Cuba:

The objective of the study was to investigate the energy requirements and physical activity
levels of active elderly adults 48) in rural areas in Cuba. The studied group showed 40%
have impaired glucose tolerance, 23% have hypertension. (ii) estimated total energy
expenditure (TEE) by doubly labelled water (DLW) and physical activity levels(PALs) were
much higher than that reported for similar groups in other studies (iii) PALs estimated from
questionnaires underestimated TEE and PALs measured by DLW method and (iv) Dietary
energy intakes were underestimated in I 1% for women and 55% for men compared to TEE
by DW

Nigeria:

A one year follow-up of a lean cohort (BNH 21-22 kg/m2) in Nigeria has shown: (i) increase
in body weight and BNE. (ii) increased body fat. (iii) increased prevalence of obesity and (iv)
increased level of fasting insulin and insulin-glucose ratio. The conclusions are that the
population is yet to reach the BNH threshold above which worsening of glycaemia status
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accompanies the increases in weight gain. A further follow-up over several years would be
required.

Jamaica:

A four year follow-up of 614 urban Jamaican adults showed: (i) the prevalence of impaired
glucose tolerance (IGT) and frank diabetes increased over the period of the study, (ii) lower
physical activity was significantly associated with poorer glucose tolerance (GT) status- (iii)
change in waist circumference predicted worsening status of GT in both men and women It
concluded that interventions to improve levels of physical activity are crucial to reduce the
burden of chronic diseases including obesity.

India:

This study investigated the relationships between total body fat, plasma pro-inflammatory
cytokines and their role in insulin resistance in Indians. Studies in Pune region in India in 3
different communities (rural, urban slum, urban middle class) showed that (i) prevalence of
obesity and central obesity progressively increase from rural to urban slims to urban middle
class (ii) this was reflected in increasing prevalence of diabetes, impaired glucose tolerance
and hypertension and plasma cholesterol and triglyceride levels, (iii) body fat percent was a
significant predictor of increasing cardiovascular risk in these population, central obesity
increased the risk further. In conclusion, measurement of body fat and its central distribution
by appropriate methods should form an essential part of further studies of insulin resistance
and cardiovascular risk in Indians.

New Zealand:

Comparison of characteristics of normoglycaemic young men aged 18-27 years of Maori,
Pacific Island and New Zealand European descent showed: (i) increase body fat and central
obesity were associated with measurements of glucose, insulin, lipids and leptin indicating an
increased risk of NIDDM, (ii) Central obesity was negatively associated with dietary fibre
intake, (iii) body fat content and distribution of body fat predict at young age risk of NEDDM
in all three ethnic groups.

MAIN CONCLUSIONS:

The following conclusions can be considered from the preliminary data emerging from
several investigations from participating countries:

• This CRP offered a unique opportunity for studying physical activity, body composition
in relation to insulin resistance and obesity risk in different countries using stable isotope
and other techniques to investigate physical activity patterns, energy expenditure and body
composition.

• This CRP provided also an opportunity to use standardised protocols for body
composition and physical activity measurements as risk factors for chronic diseases
(Obesity and NIDDM) in several developing countries despite variations in age, ethnicity
and geographic locations of the studied population.

• The preliminary results of this CRP confirm the increasing risk of obesity and NIDDM in
developing societies due to changes in diet and physical activity patterns and suggest that
total body fat and its topography are perhaps the most important predictors of the
evolution of insulin resistance syndrome.
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EXTENSION OF THE CRP

Because of the importance of this CRP in the global context, certain additional tasks were
identified by the participants for completion (Appendix. 4. The Scientific Secretary agreed to
request the 1AEA management for a one year extension so as to conclude the work by
December 2002.
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TITLE: EFFECTS OF CHILDHOOD STUNTING ON TE INCREASE OF RISK
FACTORS FOR OBESITY, NON-INSULIN DEPENDENT DIABETES
MELLITUS AND CORONARY HEART DISEASE.

CSI: ANA LyDiA SAwAYA

INSTITUTE: Departmento de Fisiologia, Disciplina de Neurofisiologia e Fisiologia
Endorcrina, Universidade Federal de Sao Paulo, Escola Paulista de Medicina,
Rua Botucatu, 867, Ed. Biomedicas 2 andar, 04023-060, Sao Paulo, Capital,
BRAZIL

SCIENTIFIC BACKGROUND

Previous studies by us and others have shown higher energy conservation mechanisms in
marginally stunted Brazilian children such as, lower resting energy expenditure, lower fat
oxidation, higher susceptibility to gain weight-for-height associated with a higher prevalence
of stunted - obese subjects.

HYPOTHESIS

Previous malnutrition as judged by height-for-age could be associated with alterations in fat
patterning, circulating hormones such as insulin and IGF-1. In addition, previous malnutrition
could be also associated with alterations in plasma lipid profiles, such as high triglycerides,
low high-density lipoprotein cholesterol levels and hypertension.

SAA4PLE AND METHODS

We recruited a population of 58 girls and boys with 11-14 y of age from the shantytown
population in Sdo Paulo, Brazil. Half of this population was of normal weight and height, and
the other half was stunted. More than 300 children from to I I years old were screened to
participate in the study and were eligible if they had weight-for-height Z scores (WHZ) of 2
to 2 according to the NCHS standards. Children recruited for the stunted group (n7--28) had
height-for-age (HAZ) -�--1.5 Z score and those for the non-stunted group (n-30) had HAZ >-
1.50. In addition, the two groups were selectively recruited to assure group similarities in
mean age and VH. General anthropometry, blood sampling for fasting insulin, glucose,
glycosylated hemoglobin, triglycerides, high-density lipoprotein cholesterol, low-density
cholesterol and IGF-1 were made as well as blood pressure.

RESULTS

Ninety two percent of the population had low values of IGF-I indicating impaired growth.
Stunted boys and girls had delayed pubertal stages, lower fasting insulin levels, lower beta
cell production and higher insulin sensitivity according to HONIA analysis in comparison to
non-stunted children. In addition, a positive association was found between fasting insulin
with age for the stunted group. Body mass index was positively associated with fasting
insulin, Homa-beta cell production and HOMA-insulin sensitivity in both nutritional groups.
Stunted children showed lower systolic blood pressure, whereas almost all children showed
diastolic blood pressure values above the 50th percentile and 41% of boys and 28% of girls
had their values above the 90th percentile, indicating important alterations according to the
normal curve.
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CONCLUSIONS

These preliminary results indicate that both the stunted and non-stunted boys and girls had
impairment in growth as seen by the IGF-I levels. Therefore, it seems that living in
shantytowns, as all these children do, may impair growth potential. In addition the present
stunted children showed a series of metabolic alterations in comparison to non-stunted ones,
as seen by lower fasting insulin, lower Beta-cell production, higher insulin sensitivity, lower
systolic blood pressure. On the other hand, diastolic blood pressure was high for the majority
of the study population.

WORKING PROGRESS

• To continue the measurements of hormonal parameters (salivary cortisol, thyroid
hormones)

• To continue the analysis of body composition
• To compare results of body composition with carbohydrate and lipid profile and blood

pressure

FUTUREPLAN

• To do the follow-up analysis comparing weight and percent of fat gain between stunting
and non-stunting groups

• To include another group of children who had caught-up in height after nutritional
intervention

• To compare energy expenditure at baseline by doubly labeled water method with weight
and percent of fat gain among the stunted and non-stunted groups.

MAIN FINDINGS

• Whole sample in comparison to reference curves:
a. Lower IGF-1 levels 92% of the children)
b. Higherdiastolicbloodpressure(100%ofthechildrenabove5O 1h and 41% of boys and

28% of girls above 9th)

• Differences between stunting and non-stunting groups:
a. Stunted children had delayed Tanner stages;
b. Lower fasting insulin-,
c. Lower Beta cell production;
d. Higher insulin sensitivity.

IMPLICATIONS

• Living in shantytowns in the city of Sao Paulo impairs growth
• High prevalence of high diastolic blood pressure in poor kids was found
• Stunted children showed alterations in insulin profile

ISOTOPIC TECHNIQUES USED

• Radioimmunoassay
• Doubly Labeled Water
• DEXA
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TITLE: FAT AND CARBOHYDRATES IN THE DIET: ITS METABOLIC

CONTRIBUTION TO OBESITY IN CHILEAN WOMEN

CSI: ERIK DIAZ

INSTITUTE: Institute of Nutrition and Food Technology (INTA), Energy of Stable Isotopes
Laboratory, University of Chile, Macul 540, Santiago, Chile, Casilla 13 8-1 1,
CHILE

BACKGROUND

The n6 and fatty acids differentially affect the fat oxidation rate, enzyme activity and gene
expression. This way, the type of fatty acids ingested can modulate the fat balance. It could
modify the lipid content in insulin sensitivity tissues and decrease the risk for insulin
resistance in predisposed subjects.

HYPOTHESIS

A higher dietary n6/n3 fatty acids ratio is inversely associated to fat oxidation in humans.

SAMPLE

Eight normal-weight (BM[I=20-25 kg/m) and 6 obese (BNH=30-40 kg/m2) Chilean women,
apparently healthy, between 30-50 y old, with normal lipid profile and oral glucose tolerance
test (OGTT) were studied.

METHODS

It was used a crossover design with 2 periods of oil supplementation 2 weeks duration) that
replaced the usual cooking oil consumed. Canola and sunflower were used as source of alpha-
linolenic acid and linoleic acid, respectively. Between the periods there was a 2 weeks of
washout. The order of supplementation period was canola followed by sunflower oil.

At the end of each supplementation period was evaluated in fasting conditions: plasma fatty
acids profile by gas-chromatography and insulin resistance by HOMA. Then, after an
experimental breakfast adjusted by individual total energy requirements was measured
substrate oxidation by indirect calorimetry with canopy system 200 min), serum insulin and
serum glucose 120 min).

RESULTS

Oil treatment changed the plasma n6/n3 fatty acids ratio (p<0.05), according to the type of oil
consumed in both groups (p<0.05), without differences by nutritional conditions. Controls had
a higher fat oxidation (mg/kg FFMV200min) after sunflower treatment compared to canola
treatment (p<0.05). It was positively associated to changes in plasma n6/n3 fatty acids ratio.

Obese had a higher glucose oxidation (mg/kg FFNV200 min) after sunflower treatment
compared to controls. Insulin response was increased in obese after sunflower period
compared to canola treatment. It was not associated to higher glucose oxidation and changes
in plasma fatty acids profile.



It was not observed changes in insulin resistance evaluated by HOMA according nutritional
conditions and dietary treatment.

CONCLUSIONS

Changes of the edible oil modify the plasma fatty acid profile according to the type of oil
consumed after 2 weeks. The ratio n6/n3 fatty acid ratio was positively associated to fat
oxidation in controls, in opposite to the expected results.

This way, dietary fatty acids type can affect the fat balance in humans. It could increase the
lipid content in adipose and skeletal muscle tissues, therefore the risk for insulin resistance
may be increased in predisposed subjects. It is reinforced by the higher insulin response
observed in obese after sunflower treatment.

FINAL MESSAGE

Cooking oil can affect fat oxidation rate in control subjects and insulin response in obese
subj ects.
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TITLE: RISK FACTORS FOR OBESITY IN CHINESE ADULTS XA0404136

CSI: GuAsHF-NG MA

INSTITUTE: Institute of Nutrition and Food Hygiene, Department of School Nutrition,
Chinese Academy of Preventive Medicine, 29 Nan Wei Road, Beijing 100050
CHINA

BACKGROUND

Obesity is now one of the public health concerns in China. Many factors are contributing to
obesity. However, the underlying mechanism is not clear. As it is hard to cure it once obesity
occurs, the most effective and encouraging strategies is prevention. Risk factors should be
identified in order to develop prevention strategies.

OBJECTIVES

To compare the dietary intakes, and physical activity levels, energy expenditure,
anthropometric measurements, insulin, leptin and lipid profiles of Chinese adults with normal
weight, overweight and obesity; to identify the risk factors for overweight and obesity among
Chinese population- and to provide scientific information for developing obesity prevention
strategies.

SAAVLrNG

One hundred and fifty-five subjects 78 male, 77 female) aged 35-52 years living in four
districts of Beijing were recruited and studied. They fell into three groups: normal weight
group (male 26, female 26), overweight group (male 26, female 26), and obese group (male
26, female 25).

MIETHODS

The general information including age, gender, education, occupation, and income were

collected. Anthrompometry measurements including weight, height, circumferences of waist,

hip were taken. Information on dietary intake using three-day food weighted method, physical

activity using modified ViIHO 7-day questionnaire were collected. Body composition using

deuterium dilution, and energy expenditure using Doubly-labeled water were determined.

Fasting serum insulin and leptin using radioinimuneassay, and lipid profiles were assessed.

RESULTS

The results of preliminary analysis indicated significant difference were found in weight,

BNH, waist, hip, and waist/hip ration among three groups. body fat of normal weight,

overweight and obese groups were 29.0%, 33.9% and 39.7%, respectively. Significant

differences were found between each two groups. Obese and overweight groups consumed

much more total energy and fat in compared to normal weight group, while obese and

overweight groups expended much less calories than normal weight group. The hypertension
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rates in obese, overweight and normal weight group were 33.3%, 17.3%, 11.5%, respectively.
Significant differences were found between each two groups. No significant differences were
found in lipids profiles among three studied groups. The insulin level of obese group was
significant higher than that of overweight and normal weight groups. Significant differences
were found in leptin level between each two groups.

CONCLUSION

Excess dietary total energy intake and less physical activity level were two environmental
factors for overweight and obesity. Overweight and obesity is the risk factor for hypertension
and diabetes.

MESSAGE

This is the first study using isotope technique in determining body composition and energy
expenditure among Chinese adults with normal weight, overweight and obesity.

The data on body composition and energy expenditure obtained from this study can be used in
the future study.

The physical activity questionnaire used in this study will be validated using double-labeled
water and can be used in large population survey.

Prospective study should be conducted in future study to explore the mechanism of obesity.

WORK IN PROGRESS

• Deuterium dilution analysis
• Data analysis:
• Body composition (anthropometry versus deuterium dilution)
• Energy intake (weighted food method) versus energy expenditure
• Energy expenditure (Physical activity questionnaire versus DLW)

FUTUREPLAN

0 Intervention study among three study groups should be conducted.
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TITLE: ENERGY REQUIREMENTS AND PHYSICAL ACTIVITY LEVEL OF
ACTIVE ELDERLY PEOPLE IN RURAL AREAS OF CUBA

CS1 MANuEL HF-RNANDEz-TRL%NNA

INSTITUTE: Institute of Nutrition and Food Hygiene, Director of the Department of
Biochemistry and Physiology, Infanta 1158, Habana 100050
CUBA

BACKGROUND

Physical activity levels (PALs) values of urban elderly of developed countries obtained by the
DLW-method are usually higher than the recommendations of the Expert Committee on
Energy and Protein. This underestimation should be more evident for the rural elderly.

HYPOTHESIS

Total energy expenditure and physical activity of healthy elderly people living in rural areas is
higher than previous estimated values for this population.

SUBJECTS

Forty eight adults aged 60 to 78 years 26 males and 22 females), apparently healthy or with
absence of degenerative diseases were selected from the original sample.

METHODS

• Clinical records
• Body weight height, skinfolds
• OGTT
• Blood pressure recorded three times
• Body composition by BIA
• PAL by questionnaire
• RMR by indirect calorimetry
• TEE RMR X PAL

DLW-STUDY

Subjects

Five healthy men and five healthy women with reported stable weight in the previous 6
months were selected for the DW-study.

Parameters Studied

• TEE by the DLW-method:
• Physical activity was additionally registered by questionnaire
• Energy intake by 3-day weighed records.
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RESULTS AND DISCUSSION

• Glucose intolerance found 40% of the 48 subjects.
• Arterial hypertension in 23 % (8 % of the men and 41 of the women)
• Only 18% higher cholesterol levels, a 73% higher triglycerides levels, 14% lower values

of cholesterol-HDL and none had pathological values of cholesterol-LDL.
• Standard error of estimate Of C02 production averaged 61 
• PAL values in rural elderly subjects by the DLW-method of 213 for men and 177 for

women, higher than reported values for subjects of the same age group in developed
countries.

• The values of energy expenditure of men measured by the factorial method using physical
activity questionnaires were 27 lower than the measured by DLW.

• Dietary intake underestimated TEE in I 1% for women and 55% for men.

Physical activity levels determined by the DLW method are considerably higher than previous
published estimates for this age group and are in agreement with the type of activities in the
community. Average BNH for the ten subjects was 23.3+ 44. Nevertheless, 3 of the subjects
had BMIs of 18.5, 17.5 and 16.8 which could be considered marginal in terms of chronic
energy deficiency depending on the PAL level. Of these, one subject with a Bffl of 17.5 had
a PAL of 14, which is borderline chronic energy deficiency (CEE) degreel; another subject
with a BNH of 16.8 had PAIL of 1.5 which definitely classifies as CEE degree 1. The third
subject had a BMI of 18.5 and a PAL of 21 and classifies as normal, however, his B is
marginal and could vary potentially with seasonality activities. These subjects represent 30 
of the individuals analyzed.

CONCLUSIONS

The PALs obtained by the questionnaires underestimated energy expenditure and physical
activity compared to the doubly labelled water method. Total energy expenditure and PAL by
the DLW method showed a much higher level of what has been reported for similar age
groups in other studies. This would indicate an important underestimation of their energy
requirement, especially, in view of the fact that in subjects of these level of BMI, there is a
potential risk for failing into a chronic energy deficiency processes.

FURTHER INVESTIGATIONS THAT WOULD ENHANCE TE VALUE OF TIS CRP

WORK E`4 PROGRESS

In spite of the fact that these results are limited with respect to sample size, currently, part of
this same study conducted in Chile and Mexico in the same age group, rural conditions and
protocol is being finalized and will provide very important information for final conclusions
from the perspective of energy requirements and recommendations.

RECOMMENDATIONS FOR FUTURE CRPS

TAKE HOME MESSAGE.

A follow-up of these subjects extremely important for it shall shed light on matters of energy
balance due to the marginal status of some of the individuals and in the group as a whole
which will be necessary for appropriate interpretation and final conclusions.
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XA0404138
TITLE: TOTAL BODY FAT, PROINFLAMMATORY CYTOKINES AND INSULIN

RESISTANCE IN INDIAN SUBJECTS

CSI: C. S. YAJNIK

INSTITUTE: Director Diabetes Unit, King Edward Memorial Hospital and Research Centre,
Pasta Peth, Pune-41 I 0 I
INDIA

BACKGROUND

Urban and migrant Indians are experiencing a rapidly escalating epidemic of diabetes and
CHD. This may be related to high body fat percentage in Indians and its central distribution
which have been shown to be detrimental for metabolism.

AIM

To investigate the contribution of body fat and indices of central adiposity to the increasinZ�
prevalence of insulin resistance variables in 3 geographic populations i.e. rural, urban slums
and urban middle class.

SAMPLE AND METHODS

• We sampled 150 men (30-50y) by multistage random method from the 3 geographic
locations, subjects with diabetes, hypertension, CHD and chronic iness were excluded.

• Total body fat was assessed by 4 skinfolds (Durnin's equation), bioimpedance, D20

method and DEXA. Fat distribution was assessed by anthropometry and I�M.
• Circulating glucose, insulin and lipids were measured by standard methods and HOMA

insulin resistance variable calculated. Blood pressure was measured by automated method.
• Data was analyzed by multiple ANOVA to assess the contribution of total body fat and

central adiposity to differing prevalence of hyperglycemia, insulin resistance and
hypertension in the 3 groups. Multiple linear regression was used to define associations
between different variables. Correlations and Bland Altman plots were used to compare
different methods of body fat assessment. D20method was used as the reference.

RESULTS

• BMI, body fat percent and central adiposity progressively increased from rural to urban
slums and to middle class Indian men. Plasma glucose, cholesterol and triglyceride
concentrations and blood pressure also progressively increased in these 3 groups. Body fat
percent explained 17% of the variance of 2h plasma glucose concentration (OGTT) and
indices of central adiposity WHR and Subscapular-Triceps ratio) explained an additional
1.5%.

• Four methods of body fat measurement showed a good correlation amongst them.
Anthropometric method and D20method gave very similar results, bioimpedance
overestimated and DEXA underestimated in comparison to D20method.
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CONCLUSIONS

• Body fat is an important determinant of insulin resistance in Indians and explains a
substantial component of the differences between rural and urban people. Central
adiposity explains a significant but relatively smaller proportion.

• Anthropometric estimates of body fat closely reflect D0 assessment. Appropriate
modifications will be necessary for bioimpedance and DEXA methods before they are
made available for widespread use.

MESSAGE

Measurement of body fat and its central distribution by appropriate methods should form an
essential part of further studies of insulin resistance and CV risk in Indians. Careful attention
should be paid to anthropometric measurements. Appropriately designed bioimpedance
programs should be made available for widespread use.

WORK IN PROGRESS

Pending laboratory assays of insulin, cytokines, endothelial markers etc.
More detailed statistical analysis
Expand the study to include women, to define the predictive equations of body fat from
anthropometry and bioinipedance measurements

FUTURE PLAN

Follow up of the subjects for different morbidity to test the predictive value of body fat and
distribution
Set up an intervention study for prevention of obesity and insulin resistance syndrome

MAIN FINDINGS

• Prevalence of obesity and central obesity progressively increased from rural to urban
slums to urban middle class men.

• This reflected in increasing prevalence of diabetes (0 4 and I %), impaired glucose
tolerance 9 12 and 20%), hypertension 2 4 and 10%) and plasma cholesterol and
triglyceride concentrations.

• Body fat percent was a significant predictor of increasing cardiovascular risk in these
populations, central obesity increased the risk further, though numerically to a smaller
extent.

ISOTOPE TECE[NIQUES USED

• Deuterated water method for estimation of TBW
• Radioimmunoassays
• DEXA for body fat (and BMD)
• CT-Scan for muscle mass (thigh) and intramuscular fat
• NM for visceral and abdominal subcutaneous fat
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TITLE: RELATIVE CONTRIBUTIONS OF ENERGY EXPENDITURE ON
PHYSICAL ACTIVITY, BODY COMPOSITION AND WEIGHT GAIN TO
THE EVOLUTION OF IMPAIRED GLUCSOE TOLERANCE TO FRANK
DIABETES

CSI: TERRENCE FORRESTER

INSTITUTE: Tropical Medicine Research Institute, Tropical Metabolism Research Unit,
University of the West Indies, Mona, Kingston 7
JAMAICA

INTRODUCTION

There is a gradient of diabetes prevalence among populations of the African Diaspora.

HYPOTHESIS

The risk of diabetes in transitional populations of the African diaspora is directly related to the
rate of anthropornetric change and physical activity.

AIMS

• To determine whether risk of incident diabetes and impaired glucose tolerance is related to
physical activity in two populations of the African Diaspora with widely different levels
of obesity.

• To determine whether risk of incident diabetes and impaired glucose tolerance is related to
rate of rise in body weight and change in body composition.

SAMPLE AND METHODS

614 adults, 239 men and 375 women, a sub-sample chosen from participants of a population-
based survey conducted in an urban setting in Jamaica, were examined at baseline and after 4-
years of follow-up.

Glucose tolerance was determined by an oral glucose tolerance test and body composition was
measured by anthropometry and (bioelectrical impedance analysis (BIA) validated using
deuterium oxide dilution). In a subset of 140 individuals resting energy expenditure (REE by
indirect calorimetry, physical activity (AEE) by recall, (and doubly labeled water in 7
subjects) were measured and total energy expenditure (TEE) was estimated from REE and
AEE.

STATISTICAL ANALYSES

Descriptive characteristics between baseline and follow-up were examined by t-test. The
cross-sectional energy expenditure data was assessed by glucose tolerance category using
non-parametric tests for trends. Predictors for worsening glucose tolerance status were
determined using logistic regression.
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RESULTS

There were significant increases in adiposity variables over follow up for both sexes. Energy
expenditure was related significantly to glucose tolerance status. Among men, baseline age,
weight, fat mass, body fat, waist circumference, and change in waist circumference were
predictive of worsening glucose tolerance status. Among women, only age and change in
waist circumference was a significant predictors. No physical activity parameter was
predictive of change in tolerance status.

CONCLUSION

Both IGT and frank diabetes increased. Adiposity was associated with glucose concentrations
and with change in glucose tolerance particularly among men. Waist circumference and
change in waist circumference predicted worsening glucose tolerance for both men and
women. Physical activity was significantly cross-sectionally related to glucose tolerance but
we lacked the power to exhibit a longitudinal relationship with change in tolerance status.

TAKE HOME MFSSAGE

The data provide significant support for the development of an intervention based on
increasing physical activity and decreasing adiposity to stem the rapid rise in diabetes in
Jamaica.

PENDING WORK

Complete characterization of approximately 700 subjects; strengthen the validation of body
composition by BIA and energy expenditure by questionnaire using isotope dilution. Planning
of an intervention to improve the risk of IGT and diabetes.
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TITLE: RISK FACTORS FOR TYPE 2 DIABETES AND CARDIOVASCULAR
DISEASE IN MEXICAN ADULTS FROM DIFFERENT SOCIO-
ECONOMIC LEVELS

CSI: MAuRo E. VALENCIA JUILLERAT

INSTITUTE: Centro de Investigacio en Alimentacion y Desarrollo (CIAD), Carretera a la
Victoria Km 06, Apartado Postal 1735, Hermosillo, Sonora, Mexico 83000
ME)aCO

BACKGROUND

Obesity, type 2 diabetes and cardiovascular disease (CVD) are a major concern in many parts
of the world. In Northern Mexico, these problems have been reported to be higher the in the
rest of the Country.

OBJECTIVE.

To assess the different risk factors based on body status (body composition, body size, fat
distribution) and lifestyle factors (diet and physical activity) for the development of type 2
diabetes and CVD in men and women from different socioeconomic levels in north-west
Mexico.

METHODS

Non probabilistic sample selection by invitation was used to recruit subjects, completing
quotas by age groups, gender and socioeconomic status. The study included 350 men and
women, 20-84 years pertaining to low and high income groups from the city of Hermosillo,
Sonora, Mexico. All subjects were measured for body weight, height, waist and hip
circumferences, skinfolds, bioirnpedance analysis (BIA), systolic and diastolic blood pressure
(SBP, DBP). Body mass index (BMI) and waist to hip ratio were calculated. An oral glucose
tolerance test (OGTT) after a 12 hour fast was performed and blood samples were taken for
analysis of insulin, leptin, total cholesterol, HDL, LDL-cholesterol and serum triglycerides In
273 of the 350 subjects physical activity was studied by questionnaire. Activity was
calculated as in categories of low, medium and high intensity and expressed as hours/day with
respect to occupational and recreational activities. Physical activity level (PAL) was also
calculated from the questionnaires. Body composition was investigated in more detail by air
displacement plethysmography (densitometry) and by deuterium dilution in 200 subjects. Diet
by 24 hour non -consecutive recalls in another sub-group of 135 male and female subjects.
Statistical analysis was performed using NCSS statistical software using ANCOVA and
regression procedures.

RESULTS

High levels of overweight (BMI >25) and obesity (BMI>30) were found in this population
group with 65 and 23.4 of them being in these categories respectively. After adjusting for
sex and age, results showed that subjects with abnormal glucose tolerance levels had
significantly higher weight (p<0.0001), BMI (p<0.0001), waist/hip ratio (p<0.0001), % body
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fat by BIA (p<0.0001), and systolic and diastolic blood pressure (p<0.0001), than normal
subjects. Serum triglycerides and 2 hour glucose levels were significantly higher (p<0.0001)
in subjects with overweight and central adiposity than in subjects with overweight only. The
inverse was observed i the case of HDL-cholesterol levels (p<0.0001). Levels of obesity and
overweight in this region are similar to those reported in developed countries. Of the
anthropometric measurements, waist, waist/hip ratio and BNH showed the best correlation
with respect to glycaemic status, blood lipids and insulin sensitivity ISI 0,120. In terms of body
composition percent body fat by BIA showed the best relationship to insulin sensitivity with
the same index.

CONCLUSIONS

Total body fat and regional fat distribution rather than body size may be a better alternative to
assess risk levels for Type 2 diabetes and CVD. For population studies, this has to rely on
appropriate field methods such as BIA. However, this has to be validated by recognised
methodology such as deuterium dilution, DEXA or body density determinations that can
provide the necessary information for specific predictive equation development.

WORK N PROGRESS

Body composition by deuterium dilution determined by IR spectroscopy and
plethysmography to validate BIA are still in progress but preliminary results show that either
method can be used for validation purposes. Diet and physical activity data analysis will be
completed by recruiting 50 mores subjects. Further analysis combining all possible risk
indicators through multiple regression procedures are still pending as well as HOMA
calculations.

TAKE HOME MESSAGE

The anthropometric evaluation of regional fat distribution and total body fat by BIA might be
an important field technique for type 2 diabetes and CVD risk assessment. Intervention
studies that may use the findings in this study for this population would be warranted.
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TITLE: CENTRAL OBESITY AND RISK FOR TYPE 2 DIABETES IN MAORI,
PACIFIC AND EUROPEAN YOUNG MEN IN NEW ZEALAND

CSI: ELAINE RUSH

INSTITUTE: Department of Applied Sciene, Auckland Institute of Technology, Private Bag
92006, Auckland 1020
NEWZEALND

BACKGROUND

Weight gain is associated with the incidence of Type 2 diabetes. Maori and Pacific people in
New Zealand have a greater prevalence of obesity and Type 2 diabetes compared to NZ
European people.

HYPOTHESIS/AIM

We hypothesised that this difference is related to metabolic and fat distribution differences as
previously demonstrated in a study of Polynesian and European women.

SAMPLE AND METHODS

• Thirty healthy male volunteers between the ages of 18 and 27 years were selected for a
wide range of fatness. Equal numbers, 10 in each group, self-identified as belonging to
either the Maori, Pacific or European ethnic groups

• Specific measurements undertaken included resting metabolic rate by indirect calorimetry;
total energy expenditure over 14 days by the doubly-labelled water technique; total and
regional body fat from dual-energy x-ray absorptiometry; anthropornetry (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, glycosylated haemoglobin, thyroid hormone,
leptin and blood lipid determinations were also performed and HOMA and ISIO-120
indices calculated.

RESULTS

The groups did not differ significantly in 131�11, height, body mass or fat mass - but the
European group had significantly lower subscapular to triceps skinfolds and fat free mass than
the Maori and Pacific group (ANOVA). Resting metabolic rate adjusted for fat mass and fat
free mass was not different among the groups (ANCOVA). Associations between
measurements were tested using Pearsons correlation. Carbon-13 in expired breath was
positively correlated to the subscapular to triceps skinfold ratio and fasting insulin. Reported
intake of dietary fibre was negatively related to blood lipids and to the subscapular to triceps
skinfold ratio. Total fat and central obesity showed strong associations with biochemical
measures of Type 2 diabetes risk.
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TAKE HOME MESSAGE

These findings emphasize the positive relationships between body composition (total fat and
central obesity) and diet (carbohydrate and fibre intake) with risk of diabetes independent of
ethnicity.

WORK IN PROGRESS

Analysis of the urine samples for total energy expenditure is still in progress and
determination of physical activity and the final analysis of data depends on these
measurements.

FUTUREPLAN

Set up an intervention study to look at the effect of fibre intake on obesity and risk factors in
men and women.

MAIN FINDINGS

In this study of normoglycaemic young men we showed that increased body fat and central
obesity were associated with measurements of glucose, insulin, lipids and leptin that indicate
an increased risk of Type 2 diabetes. Central obesity was negatively related to fibre intake.

ISOTOPE TECHNIQUES USED

• Deuterated water for body water measurement
• Doubly labelled water for total energy expenditure
• Breath carbon-13 for substrate oxidation
• DEXA scan for body and regional body composition
• RIA measurement for plasma insulin
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TITLE: RELATIVE CONTRIBUTIONS OF ENERGY E,�PENDITURE ON
PHYSICAL ACTIVITY, BODY CONTOSITION AND WEIGHT GAIN TO
THE EVOLUTION OF IMPAIRED GLUCOSE TOLERANCE TO FRANK
DIABETES

CSI: A. A. ADEYEMO

INSTITUTE: Department of Paediatrics & Institute of Child Health, University College
Hospital, Ibadan,
NIGERIA

BACKGROUND

The effect of obesity on glucose intolerance is a mixture of the impact of body composition
on glucose-insulin relationships as well as the modulation of this metabolism by physical
activity. Populations of the African diaspora in the Caribbean and the United States have
higher levels of obesity, glucose intolerance and diabetes than the ancestral population in
West Africa. This is most likely a consequence of lifestyle changes, including an apparent
decline in physical activity and dietary changes.

OBJECTIVES

To measure the energy expenditure on physical ativity, the rate of weight gain and chan es
in body composition in a free-living population, and to relate these variables to changes in
glucose tolerance and insulin sensitivity in Nigeria and Jamaica.

HYPOTHESES

• Physical activity is related to the rate of weight gain and changes in body composition.
• The risk of abnormal glycaemic status is related to the rate of weight gain, changes in

body composition and physical activity.

METHODS

A cohort of 280 adults 101 men - mean age 49.7 years, 179 women - mean age 44.7 years)
was selected by simple random sampling from an existing population database in Idikan a
poor urban community in Ibadan, Nigeria. At enrolment, anthropometry, body composition,
physical activity and fasting glucose and insulin were measured. One year later, the
participants were re-visited and the same measurements done again. Changes in body size,
body composition and measures of insulin resistance over a one-year period were investigated
by comparing baseline with follow up values.

RESULTS

Over a one-year follow-up among 155 participants who a had fasting normoglycaemia at
baseline, there were significant increases in mean weight 1.4 kg for women, 13 kg for men),
BNH 0.4 kg/m2 for both women and men) and waist circumference 3.3 cm for women, 22
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cm for men). Fat mass increased 2.2 kg for women, 37 kg for men) but not fat-free mass. An
increase in the distribution of fasting insulin and insulin-to-glucose ratio was also observed
but HOMA-IR did not significantly change. Overweight increased from 21.3% to 23.9%
while obesity increased from 52% to 77%. Baseline PA and change in PA were significant
predictors of change in fat mass but not of other outcomes. None of the participants developed
impaired fasting glucose or diabetes during the year. The Jamaican study, on the other hand,
showed worsening glucose tolerance status accompanying increases in weight and adiposity
variables.

CONCLUSIONS

Significant increases in weight and fatness have occurred in just one year of follow up in a
cohort from a lean population with BMI 21-22 kg/m�. These have occurred without
worsening glycaemia status. These findings suggest that the population is yet to reach the
BNH threshold above which worsening glycaemia status accompanies further increases in
weight gain. Weight gain was virtually all fat and not fat-free mass. These findings suggest a
great potential for prevention of diabetes in this population where the current prevalence is
low.

PENDING WORK

• Further laboratory assays including lipid (cholesterol, L, LDL, triglycerides), leptin
and glucose/insulin assays

• At least another 12 years of follow up (only one year of follow up has been completed)
• Comprehensive statistical analysis and modelling. These will provide conclusive evidence

for or against the tentative conclusions made at this stage.

FUTUREPLANS

Future plans are to:

• followupthiscohortforthelong-term,i.e.forlOyearsormore
• designandimplementalargercohortstudyaimingat-10,000individuals
• identify and implement interventions aimed at slowing down the rate of weight gain at the

population level.
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EFFECTS OF CHILDHOOD STUNTING ON THE INCREASE OF RISK
FACTORS FOR OBESITY, NON-INSULIN DEPENDENT DIABETES
MELLITUS AND CORONARY HEART DISEASE.

ANALYDiA SAwAYA, MARiA TERESABEcHEREFERNANDEs, PAuLAANDREAMARTiNs

Departamento de Fisiologia, Disciplina de Neurofisiologia e Fisiologia End6crina,
Universidade Federal de Sao Paulo, Escola Paulista de Medicina, Rua Botucatu, 867,
Ed. Biom6dicas, 2 andar, 04023-060, Sao Paulo 3 Capital, Brazil, email:
anafisi�eqb.eprn.b

Abstract

Background- Previous studies by us and others have shown higher energy conservation mechanisms in
marginally stunted Brazilian children such as, lower resting energy expenditure, lower fat oxidation,
higher susceptibility to gain weight-for-height associated with a higher prevalence of stunted - obese
subjects.
Hypothesis: previous malnutrition asjudged by height-for-age could be associated with alterations in fat
patterning, circulating hormones such as insulin and IGF-1. In addition, previous malnutrition could be
also associated with alterations in plasma lipid profiles, such as high triglycerides, low high-density
lipoprotein cholesterol levels and hypertension.
Sample and Methods: We recruited a population of 58 girls and boys with 11-14 y of age from the
shantytown population in Sdo Paulo, Brazil. Half of this population was of normal weight and height,
and the other ha�f was stunted. More than 300 children from to 11 years old were screened to
participate in the study and were eligible if they had weight-for-height Z scores (WHZ) of 2 to 2
according to the IVCHS standards. Children recruitedfor the stunted group (n=28) had height-for-age
(HAZ) 5-1.5 Z score and thosefor the non-st-untedgroup (n=30) hadH4Z >1.50. In addition, the two
groups were selectively recruited to assure group similarities in mean age and WH. General
anthropome0y, blood samplingforfasting insulin, glucose, glycosylated hemoglobin, triglycerides, high-
density lipoprotein cholesterol, low-density cholesterol and IGF-1 were made as -well as bloodpressure.
Results: Ninety two percent of the population had low values of IGF-1 indicating impaired growth.
Stunted boys and girls had delayed pubertal stages. Lower fasting insulin levels and lower beta cell
production according to HAM analysis in comparison to non-stunted children were found, after
adjustment for differences in pubertal stages. In addition, a positive association was found between
fasting insulin with age for the stunted group. Body mass index was positively associated with fasting
insulin, Homa-beta cell production and HOAM-insulin sensitivity in both nutritional groups. Almost all
children showed diastolic blood pressure values above the e percentile and 41 % of boys and 28 of
girls had their values above the 90'hpercentile, indicating important alterations according to the
reference curve adjusted by stature.
Conclusions: these preliminmy results indicate that both the stunted and non-stunted boys and girls had
impairment in growth as seen by the 1GF-1 levels. Therefore, it seems that living in shantytowns, as all
these children do, may impair growth potential. In addition the present stunted children showed a series
of metabolic alterations in comparison to non-stunted ones, as seen by lowerfasting insulin, lower Beta-
cell production. On the other hand, diastolic blood pressure was high for the majority of the study
population.

Working Progress:
• To continue the measurements ofhormonalparameters (salivary cortisol, thyroid hormones)
• To continue the analysis ofbody composition
• To compare results ofbody composition with carbohydrate and ipidprofile and bloodpressure

Future Plan:
• To do the follow-up analysis comparing weight and percent offat gain between stunting and

non-stunting groups
• To include another group of children who had caught-up in height after nutritional intervention
• To compare energy expenditure at baseline by doubly labeled water method with weight and

percent offat gain among the stunted and non-stunted groups.

Main Findings:
Whole sample in comparison to reference curves:
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• Lower 1GF-1 levels 92% of the children)
• Higher diastolic bloodpressure (I 00% of the children above e and 41 % of boys and 28 of

girls above 901h)

• Differences between stunting and non-stunting groups:
• Stunted children had delayed Tanner stages;
• Lowerfasting insulin;
• Lower Beta cellproduction;

Implications:
• Living in shantytowns in the city ofSao Paulo impairs growth
• Hghprevalenceofhighdiastolicbloodpressureinpoorkidswasfotind
• Stunted children showed alterations in insulin profile indicating impairment in Beta cell

production and lower insulin levels.

-7sotopic Techniques used:
• Radioinimunoassay
• Doubly Labeled Water
• DEXA

1. INTRODUCTION

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

More specifically, previous malnutrition as judged by height-for-age could be associated with
alterations in fat patterning, circulating hormones such as insulin and IGF-1. In addition,
previous malnutrition could be also associated with alterations in plasma lipid profiles, such
as high triglycerides, low high-density lipoprotein cholesterol levels and hypertension.

The objective of the present research was then to define the extent of altered glucose,
lipoprotein metabolism and blood pressure in a population of stunted Brazilian children in
comparison to never-malnourished children.

2. DESCRIPTION OF TE RESEARCH CARRIED OUT

We recruited a population of 58 girls and boys with 8-11 months of age from the shantytown
population in Sao Paulo, Brazil. Half of this population was of normal weight and height, and
the other half was stunted. More than 300 children from to I I years old were screened to
participate in the study and were eligible if they had weight-for-height Z scores (van) of 2
to 2 according to the NCHS standards. Children recruited for the stunted group (n--28) had
height-for-age (HAZ) <-1.5 Z score and those for the non-stunted group (n730) had HAZ >-
1.50. In addition, the two groups were selectively recruited to assure group similarities in
mean age and VVII Wile it was not possible to match stunted and control children for
parental height and weight, these values were measured in all families where the biological
parents lived with the children, and there were no differences between the groups in parental
height or body mass index (BMI) as shown previously.

All subjects were free from acute or chronic diseases, judged by a standard health screening
involving a physical examination by a physician (Dr. Teresa Bechere Fernandes) and
screening laboratory tests (including a CBC, urinalysis and hematocrit), and were not be
taking any medication. Informed consent was obtained from the subjects and their parents
prior to the start of the study, and the study was approved by the Ethical Committee of the
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Federal University of Sdo Paulo.

3. PROTOCOL

Initially, subjects were contacted at home an invited to participated on the study by the
Research Coordinator. The parent's weight and height were measured at home and they
responded to a socioeconomic questionnaire (data not shown). After screening and given
consent, the subjects had their anthropometric measurements (including weight, height and
circumferences of waist, hip and thigh) and a fasting blood sample taken in one morning at
the laboratory.

4. ANTHROPOMETRIC MEASUREMENTS

Anthropometric measurements were made in the fasting state. Each measurement was made
in triplicate: weight on a beam balance to ± 100 g, height using a stadiometer measuring to
1 mm, circumferences of the waist, hip using a tape measuring reading to ± I mm.

5. BLOOD SAWLES

A fasting blood sample of 20 ml was collected and stored appropriately for analysis for
insulin and glucose, glycosylated haemoglobin, triglycerides, high-density lipoprotein
cholesterol, low -density cholesterol, and IGF-1, in 46 children who allowed blood to be
drawn. The blood analysis were made using commercial RIA kits (Ciba-Coming; Nichols
Institute- Diagnostic Products Corporation, Roche Diagnostic Systems Inc.- ICN Biomedical
Inc.).

6. BLOOD PRESSURE

Measurements of systolic and diastolic blood pressure were performed in all the subjects with
a standard clinical sphygmomanometer (TYCOS), using the stetoscope placed over the
brachial artery pulse, proximal and medial to the cubital fossa and below the bottom edge of
the cuff. Correct measurement of BP in children requires the use of a cuff that is appropriate
to the size of the child's upper right arm. The cuff used was placed around the arm
circumference between the olecranon and the acromion. The cuff covered 80 to 100% of the
circumference of the arm. Subjects were seated with the cubital fossa supported at heart level
and rested 10 inutes before measurements, that were made 3 times with minutes between
them. Systolic blood pressure was determinated by the first Korotkoff sound and diastolic
blood pressure by the fifth Korotkoff sound or disappearance of sounds.

7.RESULTS

Table I shows the characteristics of the subjects. The groups were significantly different in
terms of height-for -age, weight-for-age with similar weight-for-height. Body Mass Index was
lower in stunted boys in comparison to non-stunted ones.

Most children were in the middle of the pubertal development. The majority of stunted
children were at an earlier Tanner stage on average, in comparison to non stunted ones (Table
2).

Table 3 shows the lipid profile among the two nutritional groups. No differences on average
were found in Cholesterol, HDL, LDL and trygliceride levels between the two groups.
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We used HOMA (Homeostasis Model Assessment) to evaluate in vivo insulin production and
sensitivity. Table 4 shows the results among the two nutritional groups adjusted by
differences in pubertal stages. Stunted children showed lower blood insulin levels and lower
HOMA B score. These results indicate important alterations on the carbohydrate profile in the
stunted children.

Table shows mean values for diastolic and systolic blood pressure among the two nutritional
groups. Stunted children had significantly lower systolic blood pressure than non-stunted
ones. However these differences disappear after adjustment for pubertal stages and stature.
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TABLE 1 - CHARACTERISTICS OF SUBJECTS

Non stunted Stunted

Boys Girls Boys Girls
(n--15) (n=17) (n 7- 2 (n-- 9)

Age (months) 13.27 ± 144 12.98 1.20 13.02 ± 127 13.19 ± 1.15

Weight (kg) 45.02 ± 883 46.44 10.97 33.30 6.39** 35.91 6.36**

Height m)- 156.3 ± 10.6 153.7 7.9 140.4 7.7** 142.6 7.6**

BNH kg/m�) 18.23 179 19.46 3.09 16.77 1.85* 17.56 1.99

i-iAz2 0.01 ± 146 -0.29 0.76 -2.00 0.66** -2.09 0.52**

WAZ 3 -0.21 ± 093 1 -0.77 0.89 -1.66 0.74** -1.43 0.47* *

HAPM4 99.9 72 98.7 3.2 89.8 3.6** 90.9 2.6**

WAPM� 99.3 19.4 101.2 19.3 73.7 11.4** 76.6 8.1**

WHpM6 99.6 8.9 103.1 13.8 99.2 9.8 101.3 10.9
Values expressed as mean ± SD

Significantly different from Non stunted Group (p<0,05)
* Significantly different from Non stunted Group (p<O, 00 1)

'2 Height-for-age in Z scores
3 Weight-for-age in Z scores
4 Height-for-age in percent of median
5 Weight-for-age in percent of median
6 Weight-for-height in percent of median
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TABLE 2 - PERCENT OF CULDREN ACCORDING TO PUBERTAL STAGES

Boys

Tanner Non stunted Stunted Tanner Non stunted Stunted

Pi 0.0 8.3 GI 0.0 8.3

P2 0.0 41.7 G2 7.7 41.7

P3 30.8 33.3 G3 23.1 25.0

P4 46.2 16.7 G4 46.2 25.0

P5 23.1 0.0 G5 23.1 0.0

Girls

Tanner Non stunted Stunted Tanner Non stunted Stunted

ml 5.9 11.1 Pi 5.9 0.0
M2 11.8 33.3 P2 11.8 44.4
M3 5.9 22.2 P3 0.0 22.2
M4 5.9 33.3 P4 70.6 33.3
M5 11.8 0.0 P5 11.8 0.0

TABLE 3 - LIPID PROFILE

Non-stunted Stunted

Boys Girls Boys Girls
15) (n-- 7) (n-- 2) (n-- 9)

Cholesterol mg/dl) 139.2 ± 30.1 136.6 + 18.1 144.4 + i8.9 135.6 + 15.7

HDL (mg/dl) 47.6 ± 10.1 40.8 + 91 51.1 11.2 47.0 ± 11.5

VLDL (mg/di) 13.9 ± 41 14.4 6.1 12.0 4.6 11.9 35

LDL (mg/dl) 77. + 29.0 81.3 17.2 81.3 18.2 77.1 ± 13.9

Triglyceride (mg/dl) 69.7 ± 20.9 72.2 30.8 60.2 23.4 59.8 ± 17.5

Values expressed as mean ± SD
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TABLE 4 - CARBOHYDRATE PROFILE

Non-stunted Stunted

(n730) (n=20)

.Glucose (nmol/1) 4.45 0.34 (3.7 to 5. 1) 4.36 0.29 (3.8 to 48)

-Insulin (pmol/1) 59.16 ±31.66 (20.8tol55.0) 32.08 15.51* (0 I to 7.4)

-Glucosylated Hemoglobin 4.9 0.4 (4.0 to 5.8) 4.9 0.3 (4.3 to 5.5)

HOMA S score 1.97 0.23 1 1.48 to 237) 1 218 0 19 0.90 to 25 0)

-HOMA P score 2.11 0 14 1 (1.8 8 to 240) 1 197 0 I I (1.79 to 218)

Values are means±SD (range)
Sianificantly different from non-stunted roup (p<0.05) after adjustment for pubertal stages

TABLE 5 - BLOOD PRESSURE

Non-stunted Stunted

Boys Girls Boys Girls
(n-- 4) (n-- 1 5) (n= 3 (n=1 1)

Systolic Blood
Pressure (mmHg) 111.2 7.3 110.6 ± 78 102.2 ± 84 103.1 ± 85*

Diastolic Blood
,Pressure (mmHg) 77.0 6.4 77.2 ± 5.5 73.7 ± 64 74.1 ± 68
Values expressed as mean ± SD
*Significantly different from non-stunted Group (p<0.05). After adjustment of pubertal
stages and stature difference disappears.

In addition, some interesting results were found in relation to standard distribution curves.
Figures I and 2 show the blood IGF-1 levels in boys and girls according to reference curves.
With exception of few non-stunted children, almost all the study population 92%) were
below the 5P' percentile. This means that the shantytown population studied was likely to
have impaired growth potential due to adverse life conditions and this finding corroborates
with the negative Z scores means for weight and height (Table ).

In general, stunted boys and girls showed lower levels of systolic blood pressure than non-
stunted ones but differences disappear after adjustments in Tanner stages and stature (Table 
and Figures 3 and 4 Almost all children showed diastolic blood pressure values above the
50th percentile 12] and 41% of boys and 28% of girls had their values above the e
percentile, indicating important alterations according to the normal curve (Figures and 6.

Blood insulin levels were positively associated with age in stunted children but not in non-
stunted ones (Figure 7 Older stunted children had higher insulin levels. In addition insulin
levels were positively associated with BNH for the entire population (Figure 8).
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In the present study, we found other interesting results using the HOMA method to calculate
beta cell production and insulin sensitity in relation to nutritional status. BNE was positively
associated with Beta cell production but negatively associated with insulin sensitivity (Figures
9 and IO).

In conclusion, these preliminary results indicate that both the stunted and non stunted boys
and girls had impairment in growth as seen by the IGF-1 levels. Therefore, it seems that living
in shantytowns, as all these children do, may impair growth potential. In addition the present
stunted children showed a series of metabolical alterations in comparison to non-stunted ones,
as seen by lower fasting insulin, lower Beta-cell production. On the other hand, diastolic
blood pressure was high for the majority of the study population.
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Abstract

The effects of changes in dietary fatty acid composition on macronutrient oxidation were studied on 
controls and 6 obese women, 30-45 y old Anthropometry, body composition, physical activity, continuous
indirect calorimetry 200 min), plasma fatty acids, serum insulin and glucose were measured The study
was performed using a crossover design: baseline and three-period 2wk each: canola oil
supplementation, washout and sunflower oil supplementation. Subjects were provided with commercially
available oil ( Llwk) either canola or sunflower during the correspondingperiod
Oil treatmentproduced significant modifications ofplasmafatty acidprofile, according to the type of oil
consumed In both groups, most of the fat provided was oxidised (ratio oxidisedlintake: 79-102%) in the
two dietary regimes, no differences were found between groups. Controls however, had a higher fat
oxidation (mglkg fat-free mass) with sunflower compared to canola treatment. Changes in plasma
polyunsaturatedlsaturated ratio (PIS) from canola to sunflower treatment were not associated to fat
oxidation. Changes in plasma n61n3 ratio from canola to sunflower treatment showed a positive
association with fat oxidation in controls (r=O. 72) and a negative association in obese (r=-O. 79).
Carbohydrate oxidation was on average 20-29% of CHO intake. Glucose oxidation was not associated to
n61n3 ratio from canola to sunflower treatment, but it was inversely correlated to PIS ratio changes in
both groups. With sunflower treatment obese showed a higher CHO oxidation (mglkg fat-free mass)
associated to a greater insulin response compared to controls.
This study showed that the type of oil can induce differences in substrate oxidation. Canola oil intake
could be stimulated based on its smaller insulin response in subjects predisposed to hyperinsulinemia and
insulin resistance.

1. INTRODUCTION

Chile has been through the epidemiolog transition and its population's lifestyle is now quite
comparable to developed countries. Within the many similarities, diet and physical activity
patterns are found almost invariably associated to obesity among less privileged groups. In
Chile, obesity is highly prevalent, reaching >40% in middle age women in the lower socio-
economic population group. Dietary energy is supplied by carbohydrates 50-60%) from
foods such as pasta, bread and rice. The amount of fat on average is 30% of the energy
intake 25-27% from dietary studies, 30% from food balance sheets).

Dietary components must be seen not only from the energy balance perspective but also from
the composition of the dietary macronutrients, such as fat. It is known that their metabolism
varies according to chain length, number of double bonds and isomerism. The available
information suggests that the type of fatty acids in the diet can influence the metabolic route
of macronutrients. This differential effect of fatty acids is based on its proper oxidation rate
,12 3 4 67( ), enzymatic modulation and gene expression ). In humans ), the oxidation rate of
several individual fatty acids varying in chain length, unsaturation and isomerism have been
evaluated. After 9h of oc-linolenic acid (ALA) and linoleic acid (LA) intake, it was found an
oxidation rate of 23.6 66% and 16.1 66%, respectively. From this study and others, it has
been concluded that oxidation rate is: (a) inversely related to chain length, (b) directly
proportional to the number of double bonds, (c) higher for cis compared to trans fatty acids
and (d) higher for compared to n6 fatty acids. On the other hand, studies in rats have
described the effect of different oils enriched with several types of fatty acids (LA, ALA,
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saturated or marine oils) on the enzyme activities related to mitocho-ndrial fat oxidation or fat
synthesis. The enzymes related to fat oxidation had higher activity when animals were fed
with the more oxidative fatty acids, whereas enzymes related to fat synthesis were decreased.
The opposite pattern was observed in less oxidative fatty acids (3,4). Similar results were
observed for gene expression of the same enzymes (6,7). In this regard, it can be suggested that
diets enriched with a particular type of fatty acid could increase or decrease the degree of
oxidation and/or storage of fat, affecting the rate of fat accretion and/or weight gain. This has
been found in rats with diets rich in ALA or fish oil 7) , and in humans with the fish oil

2. HYPOTHESES

The ratio of polyunsaturated n6/n3 fatty acids in the diet is inversely associated to total post-
prandial fat oxidation.

3. MATERIALS AND METHODS

3.1. Sample

Fourteen healthy, middle age 30-50 years old) women, were divided in two nutritional
categories: normal weight (n--8) defined as BMI 20-25 kg/m2 and obese -6) 30-40 kg/M2.

Exclusion criteria was the presence of chronic diseases such as diabetes, hypertension,
hyperlipernia and thyroid disorders. Persons with impaired oral glucose tolerance test (OGTT)
were also excluded. All individuals had stable weight at least 3 months before and during the
test, with no medication and/or hormonal treatment. Menstrual cycle was regular in all cases.
The experimental protocol was approved by the Ethical Committee of the Institute of
Nutrition and Food Technology (INTA). Informed consent was given to a subjects at
beginning of the study. Baseline characteristics of subjects are showed in Table 1 2 and 3.

TABLE 1: CHARACTERISTIC OF THE SUBJECTS

Control Obese

Number of cases 8 6
Age (y) 3 7.2 - 68 38.0 5.0
Weight (kg) 56.4 5.4 78.8 11.4
Height (m) 1.6 0.0 1.6 0.0
BMI kg/m7) 23.0 1.5 32.5 3.7
Body Fat %)' 27.5 5.1 46.1 6.8
Fat free mass (kg)* 40.8 3.7 42.7 9.2

*By Hydrodensitometry
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TABLE 2 GLYCEMIC AND INSULINENHC LEVELS DURING OGTT

Control Obese

Fasting glucose (mg/dL) 88.2 9.0 93.7 14.7
Fasting insulin (gU/mL) 7.7 2.3 10.3 5.7
Post OGTT glucose (mg/dL) 102.8 18.7 100.5 18.7
Post OGTT insulin (�iWmL) 34.7 13.1 45.9 11.8

TABLE 3 PLASMA LIPID PROFILE

Control Obese

Total cholesterol (mg/dL) 160.9 28.3 143.4 21.3
HDL (mg/dL) 40.7 11.4 43.2 12.4
LDL (mg/dL) 1 100.4± 33.1 81.8 26.6
Triacylglycerols (mg/dL) 99.2 41.8 92.4 40.1

3.2. Baseline measurements

Under fasting conditions the following measurements were performed: OGTT using 75 g
anhydrous glucose at times and 2 h, plasma lipids (total cholesterol, HDL-cholesterol, LDL-
cholesterol, triacylglycerols), plasma fatty acids profile, resting energy expenditure and
hydrodensitornetry.

3.3. Protocol

The study was performed using a crossover design. After baseline measurements, 2 weeks of
dietary treatment were followed by 2 weeks washout period and finally the second dietary
treatment. Considering that the most frequent oil consumed in this population group is a blend
of soybean and canola oil, it was decided to start with canola oil, this way the plasma fatty
acids profile were supposedly maintained. Subjects were asked to replace the oil consumed by
the one provided for the study. Each person received I liter of oil per week to be consumed by
the whole family. In addition, subjects were asked to add a total 10 m/day to their meals to
ensure a minimum of oil intake. At the end of this period, subjects came to INTA under
fasting conditions to measure their resting energy expenditure for 200 min following an
experimental breakfast. A blood sample was drawn at - 5, -1 0 and -5 min before breakfast to
measure serum glucose and insulin. A fasting blood sample was used to measure plasma fatty
acids profile. Blood samples to measure serum glucose and insulin were taken at 30, 45 6,
90 and 120 min, counted from beginning of breakfast. The same procedure was followed for
the second dietary treatment.

3.4. Characteristic of the experimental breakfast and edible oil

Breakfast supplied 40% of total energy expenditure, obtained from fasting energy expenditure
measured on a previous day multiplied by a factor 13 to account for physical activity. Energy
intake distribution was 55%, 38% and 5% for carbohydrates, fat and protein, respectively.
Breakfast had a constant polyunsaturated/saturated (P/S) ratio, varying only in the n6/n3 ratio,
which was manipulated to obtain the maximum difference between diets based on the amount
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of butter, margarine and oil type. The other foods used were bread, marmalade, tea or
decaffeinated coffee, sugar and aspartame. Canola and sunflower oils were chosen as ALA
and LA rich sources, respectively. Energy and macronutrient content were measured by
proximal analysis and fatty acids profile by gas chromatography. Tables 4 to 6 show
characteristics of the breakfast and edible oils used.

TABLE 4 CHARACTERISTICS OF TTIE TEST MEALS

Canola breakfast Sunflower breakfast

Control Obese Control Obese
Energy (kcal) 360.1 35.5 409.2 53.5 359.9 35.5 409.3 53.5
Protein (g) 4.5 0.4 5.1 0.7 4.6 0.5 -5.3 0.7
Fat (g) 15A 1.5 17.5 2.3 15.0:1-- 1.5 17.0 2.2
Carbohydrate (g) 50.0 4.9 56.8 7.4 51. ± 5.1 58.1 7.6

TABLE 5: FATTY ACID A POFILE OF THE TEST MEALS

Canola breakfast Sunflower breakfast

Control Obese Control Obese
Saturated FA (g) 3.4 ± 03 3.9 ± 0.5 5.0 ± 0.5 5.6 ± 07
Monounsaturated FA (g) 4.9 ± 0.5 5.6 ± 07 3.2 03 3.7 ± 0.5
Polyunsaturated FA (g) 4.9 ± 0.5 5.6 07 7.1 07 8. ± .1
PUFA/SFA ratio 1.4 ± 0.0 1.4 0.0 1.4 0.0 1.4 ± .0
18:2n6 (g) 4.0 ± 04 4.6 ± 06 6.9 0.7 7.8 ± 1.0
18:3n3 (g) 0.69 ± 0.1 0.79 0.1 0.02 0.0 0.02 0.0
n6/n3 ratio 5. ± 0.0 5.8 0.0 385.6 ± 02 385.6 0.2

TABLE 6 FATTY ACID PROFILE OF TBE EDIBLE OILS

Canola oil Sunflower oil

Saturated FA 13.4 12.0
Monounsaturated FA (%) 38.8 23.9
Polyunsaturated FA (%) 47.8 64.1
18:2n6 () 40.9 63.9
18:3n3 (g) 6.93 0.16
n6/n3 ratio 5.9 399.3
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3.5. Measurements

3.5. 1. Anthropometry

Weight was measured every 2 weeks with a minimum clothing on a DETECTOO platform
scale, I 0 g precision and 160 kg capacity. Height was measured with stadiometer attached to
the scale, I mm precision.

3.5.2. Body composition

Body fat was measured by hydrodensitometry based on Archimedes's principle with a
simultaneous determination of residual lung volume using helium dilution. Underwater
weighing was obtained with a CONDOR� digital scale, IO g precision and IO kg capacity.

3.5.3. Plasma analysis

Blood samples were obtained from an antecubital vein. Samples for glucose, insulin and lipid
profile were drawn without anticoagulant, centrifuged at 25 00 rpm for IO min. Serum samples
were immediately stored at 20'C. Samples for plasma fatty acids profile were drawn in
Vacutainer-EDTAO, immediately centrifuged at 2500 rpm, 10 min and 4C. The lipid extract
was obtained by the Folch method 9 and stored at 18'C for later analysis. Glucose was
analyzed by glucose oxidase method (Kit Roche Diagnostic, Mannheim), Insulin by RIA
(DPC, Los Angeles, CA, USA). Serum cholesterol and triacylglycerols were assessed by
calorimetric techniques (Kit Roche Diagnostic, Mannheim). HDL-cholesterol was measured
by precipitation (Kit Roche Diagnostic, Mannheim), LDL-cholesterol by Friedewald formula.
Plasma fatty acids profile was determined by gas chromatography on a Carlo Erba GC 6000
serie 2 with a flame ionisation detector and 30 in capillary silica Supelco�. This column
identifies cis-fatty acids from CO:O to C24:1 including long chain PUFA.

3.5.4. Serum glucose, insulin and insulin resistance

Serum and insulin glucose were expressed as area under the curve (AUC) according to
standard procedure (1). Insulin resistance was determined by Homeostatic Model Assessment
(HOMA) through the formula [glycemia * insulinemia]/22.5

3.5.5. Resting energy expenditure and substrate oxidation

Measurements were performed after and overnight fast and after the intake of test meals.
Fasting, post-prandial resting energy expenditure and substrate oxidation were measured with
an indirect calorimeter Sensor Medics 29000 with a canopy system. Data was analysed
discarding the first IO min of the test. Data was collected during 3 and 200 min for fasting
and post-prandial conditions, respectively. Total CHO and fat oxidation was obtained from
the formula proposed by Livesey et al. (12). Urinary nitrogen was obtained from urine
produced at the middle and the end of the test. Nitrogen was determined by Kjedahl method.
Non protein respiratory quotient (NPRQ) was calculated after subtracting the amount Of 02

and C02 related to protein oxidation.
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3.5.6 Physical activity

Physical activity was assessed by heart rate monitoring (FIRM) using a Polar VantageO
continuously for 24 h in one occasion during the study. Data was downloaded through a
computer interface. Time and duration of major activities performed throughout the day were
obtained by a recall questionnaire. Sleeping time was determined from the night time RM.
The average HM during sleeping was used as the unit to compare the information obtained
for the rest of day, calculating a multiple of physical activity for each time point. Multiples of
physical activity were classified in 3 categories: <1.3 as sedentary, 13-1.5 light and >1.5
moderate. With the aim to differentiate physical activity pattern throughout the day, percent of
time invested on sedentary, light and moderate activities were calculated for the whole 24 day
and the time awake.

3.5.7. Dietary Intake

Three nonconsecutive 24-hour recall questionnaires were applied to each women to
characterise their food intake. Food composition was calculated from the Chilean food
composition database. Usual meals were chemically analysed by proximal analysis and its
food composition was included in the food database (see Tables 46).

3.6. Statistical analysis

Data is presented as mean ± standard deviation (SD). For differences between
supplementation periods and nutritional status t-test was used. For comparison between
dietary treatment, paired t-test was applied. Pearson correlation was used to assess association
between variables. Statistical significance was defined as a = .05.

4.RESULTS

4.1. Plasma fatty acids profile

Changes in the plasma linoleic acid levels were not significantly different among periods and
groups, baseline (885 -± 288 �tg/mL), canola 884 ± 297 �tg/mL) and sunflower 887 ± 206
�tg/ml,). In relation to plasma cc-linolenic acid, there was a significant reduction in the
sunflower compared to canola treatment. Baseline values were 18. ± 10.2 �ig/mL; canola
23.3 ± 14.4 �tg/ml, and sunflower 14.2 4 54 �tg/ml, (canola v/s sunflower, p<0.03). For
polyunsaturated n6/n3 ratio, paired t-test comparisons showed that the whole group had a
significant change among periods, being this difference mainly due to changes in the control
group (p = 002). Group changes are shownin Table 7 and individual changes in Figure 1A.
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TABLE7: CHANGES IN POLYUNSATURATED N6/N3 RATIO ACCORDING
DIETARY TREATMENT

Baseline Canola Sunflower Rate of change
(Can) (Sun) (Sun/Can)

Control 56.7 ± 15.4 44.4 ± 15.3 70.9 ± 18.0 1.79±0.71
Obese 48.3 ± 12.8 43.9 ± 18.2 65.4 ± 26.2 1.60 ± 049
Total 53.1 ± 14.5 44.2 ± 15.9 68.5 ± 21.1 1.71 061

In relation to plasma polyunsaturated/saturated fatty acids (P/S) ratio, sunflower treatment
produced a significant increase in the P/S ratio compared to canola treatment in the whole
group (paired t-test, p = 003), with a higher change in obese subjects (Table 8). Individual
variation for P/S ratio is shown in Figure B.
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Figure IA

Variation in n6/n3 ratio with oil treatments
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TABLE 8. CHANGES IN PLASMA P/S RATIO ACCORDING DIETARY TREATMENT

Baseline Canola Sunflower Rate of Change
Sun/Can

Control 1.69 ± 014 1.72 ± 023 1.80± 022 1.06 ± 012
Obese 1.69 ± 023 1.40± 0.11 1.67± 031 1.20 ± 022
Total 11.69 ± 0.18 1.5 ± 024 1.75 ± 026 1.12 ± 0.18

p < .05 for all comparisons between sunflower and canola

4.2. Resting Energy Expenditure

As expected resting energy expenditure under fasting conditions was higher in obese women
compared to control subjects. This difference was caused by the increased body mass and fat
free mass since RMR was not different when calculated on per kg body weight or per kg fat
free mass (FFM) basis. Respiratory quotient was similar in both groups.

TABLE 9 RESTING METABOLIC RATE (RMR)

Control Obese
RMR kcal/d) 1289.3 ± 138.4 1587.5 231.5'
RMR (kcal/kg/d) 22.9 ± 1.8 19.5 1.7
RMR kcal/FFM/d) 31.7 ± 35 36.7 5.2
Respiratory Quotient 0.74 ± 003 0.76 0.05
% CHO oxidised 20 ± 30 14 12
% Fat oxidised 90 ± 20 85 12

1 PI' U. U_'�

4.3. Macronutrient oxidation

Macronutrient oxidation during the 200 min following the intake of test meals was studied by
continuous indirect calorimetry. Results for carbohydrate and fat oxidation during the two oil
treatments are described below.

4.4. Carbohydrate oxidation

Glucose oxidation was analysed as a proportion of carbohydrate intake (Ox/In). Dietary
treatment with sunflower oil did not produce a statistically significant change in the OX/In
ratio during feeding conditions compared with canola treatment, whether in control 20.8 
11.5 v/s 22.1 ± 76, for canola and sunflower treatment, respectively) and obese subjects 20.0
± 15.5 v/s 29.3 ± 70 for canola and sunflower treatment, respectively). Nevertheless, for
sunflower treatment the amount of glucose oxidised per kg fat free-mass in 200 min was
significantly higher in obese compared to controls 403 84 mg/kg FM v/s 279 ± 102 mg/kg
FFM, p<0.03). The changes from canola to sunflower treatments (RC) for plasma n6/n3 ratio
was not associated to RC for glucose oxidation in both groups. Similarly, the RC for P/S ratio
was negatively related to RC for glucose oxidation, both in controls (r = -0. 5 1) and obese (i- -
0.48).
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4.5. Fat oxidation

As performed with glucose oxidation, the ratio Ox/In was calculated. There was no significant
change in this ratio with dietary treatment, whether in control 78.6 19.4 v/s 100.4 25.6,
for canola and sunflower treatment, respectively) and obese subjects 92.9 28.9 v/s 102.4
9.5, for canola and sunflower treatment, respectively). In controls the amount of fat oxidised
per kg fat free-mass in 200 min was significantly higher for sunflower compared to canola
treatment 368 ± 93 mg/kg FFM v/s 295 79 mg/kg FFM, p<0.02). Comparisons were made
between the rate of change (RC) of sunflower v/s canola treatment (sunflower/canola ratio)
for substrate oxidation as well as for plasma fatty acids. The RC for plasma n6/n3 ratio and
RC for fat oxidation (mg/kg FFN�) had a positive correlation with fat oxidation in controls (r =
0.72), and negatively associated in obese (r = 0.79). On the other hand, RC for plasma P/S
ratio was not associated to fat oxidation in both groups.

4.6. Serum glucose and insulin

The AUC for glucose was not different for nutritional conditions or dietary treatment
comparisons. Although in obese, sunflower glucose AUC was on average 116 3 of the
canola treatment glucose AUC (p = NS).

Obese had higher insulin AUC compared to controls with sunflower treatment (p<0.05).
Obese had also significantly higher insulin AUC with sunflower compared to canola
treatment (p<0.02) (Table 10). The change in insulin AUC from canola to sunflower was not
associated to increased glucose oxidation in obese ( = 0 17). Plasma fatty acids either as RC
for P/S or n6/n3 ratio were not related to insulin response.

Fat oxidation, was negatively associated to insulin AUC in controls (r = 0.65), but not in
obese for sunflower treatment. The same was found for canola treatment, with a lower
association (r = 0.41).

TABLE 10. GLUCOSE AND INSULIN AUC

Insulin AUC Glucose AUC
Canola Sunflower Canola Sunflower

Control 1114 255 1158 ± 432" 1071 823 1127 949
Obese 1862 1286 2303 1379 a," 1247 853 1653 ± 940

a: p<0.02; b: p< 0.05
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4.7. Insulin resistance

Homeostatic model assessment (HOMA) used to diagnose insulin resistance in our study,
revealed that on average there were no differences between the groups and treatments. The
corresponding fasting glucose and insulin levels are shown in Table I .

TABLE I : SERUM GLUCOSE, INSULIN AND HOMA BY NUTRITIONAL
CONDITIONS AND DIETARY TREATMENT.

Baseline Canola Sunflower
Control Obese Control Obese Control Obese

Insulin 7.7±2.2 10.3±5.6 8.1±4.6 12.3 7.5 7.8±2.3 11.3±7.0
(�,U/ML)

Glucose 88.2±9.0 93.7±14.7 87.7±13.2 932±16.6 89.7±4.9 97.5±15.0
(mg/dL)
HOMA 1.7±0.7 2.4±1.5 1.8±1.2 2.9±2.0 1.8±0.5 2.8 � 16

4.8. Physical activity

The pattern of physical activity did not show any differences between controls and obese both
during the whole day or the time awake (Table 12). In general, the two groups can be
considered as sedentary, with no more than 20% of active time devoted to moderate activities.
Sleeping time was nearly h in both groups.

On average, heart rate (HR) during daytime, expressed as multiples of the HR during sleeping
time, was not higher than 13 in both groups 1.32 0.05 in obese and 132 0.1 in
controls). This is another way of demonstrating the degree of sedentarism found in the study
women.

TABLE 12: PHYSICAL ACTIVITY PATTERN AS PERCENT OF THE WHOLE DAY
(INCLUDING SLEEPING TME) AND DAYTIME (AWAKENED TME)

Whole day Control Obese
Sedentcay 65.2 ± 84 59.4 7.2
Light 21.9 ± 72 25.7 5.2
Moderate 12.9 8.8 15.0 3.7
Time awake
Sedentary 47.2 12.8 44.9 14.5
Light 32.8 8.2 34.5 8.8
Moderate 20.2 14.4 20.6 7.1
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4.9. Dietary Intake

There were no significant differences between the two groups in the amount of energy and/ or
any of the nutrients analysed (Table 13). Obese women tended to have a lower energy intake
but due to the large variability observed in the two groups this difference did not reach
statistical significance. The trend nevertheless, may be explained by a higher degree of
underreporting in obese women as has been identified by other authors.

TABLE 13: DTARY INTAKE BY 24-H RECALL QUESTIONNAIRES N THE
STUDIED WOMEN

Nutrient Control Obese
Energy (kcal/d) 2051 740 1892 532
Protein (g) 66 36 58 19
Carbohydrates (g) 319 108 281 69
Fibre (g) 7 6 9 6
Total fat (g) 57 28 61 31

Saturated (g) 13 8 17 9
Monounsat (g) 16 9 21 12
Polyunsat (g) 14 ± 17 12

1 n-6 fatty acids 9.12 615 10.98 7.36
n-3 fatty acids-(9-) 0.74 0.69

(9)� � 0.81 ± 061

5. DISCUSSION

This study was able to show a significant modification in the plasma fatty acid profile with
the use of two types of oil. The observed changes were in the expected direction. Plasma -
linolenic acid was 1.7-fold higher for canola. compared to sunflower treatment. Other study
(") found an increment of 3.6-fold higher compared to baseline after 2 weeks
supplementation with foods enriched with fatty acids. Their estimated intake was on
average 7-fold higher than our canola supplementation, which is about 1-1.5 gd. It is
necessary to mention that our study was designed to achieve an fatty acid intake close to
recommendation with available foods, modifying only the type of oil consumed. The
minimum recommended intake of a-linolenic acid according British Nutrition Foundation for
our study subjects should be 04 - .5 g/d (14,15) . whereas the adequate amount is 2 - 25 gd
according to a National Institute of Health report (16) . To comply with those recommendations
is considered a difficult task with the usually available foods and this presently being
discussed by Adam (17).

Knowing the differential rate of fatty acid oxidation in animal (1) and human C) studies, diets
predominantly enriched on particular fatty acids could influence not only its own rate of
oxidation and deposition, but also the route followed by other fatty acids in the body. Our
study found that sunflower treatment in control group, induced a higher rate of fat oxidation,
which was directly associated to an increased polyunsaturated n6/n3 ratio ( = 072). These
results are contrary to our hypothesis, since we expected a higher rate of fat oxidation with
canola treatment, because of its greater content of ALA. Nevertheless, in any circumstances
the amount of LA will exceed largely the amount of ALA eaten. For example, considering the
amount of LA supplied by the canola breakfast, it represented 8 1 % of the total PUFA intake.
The corresponding value for sunflower meal was 97% (see Table 5). Based on the recent data
published by Delany et al. (2), the oxidation rate at 3h for LA was 75% and A-LA 12.5%.
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When these proportions are applied to our test meal, the expected mean differences in fat
oxidation will be 25 and 35 g for canola and sunflower breakfast, respectively.

Glucose oxidation was negatively associated to the rate of change of P/S ratio from canola to
sunflower treatment in both groups. -The same finding was described for high dietary P/S ratio
which induced a lower glucose oxidation (18 ) and reduced glycolitic enzyme activity 19) In
spite of this, it can not be assured that this mechanism is operating in our study since the
modifications in P/S ratio produced by our dietary treatments were small compared with these
studies.

In our study both treatments produced greater insulin AUC in obese compared to controls.
This difference was statistically significant only for sunflower treatment. This is in
accordance to animal studies (21,21), where LA rich diets have induced insulin resistance
associated to hyperinsulinemia. In spite of this, our obese subjects can not be considered as
insulin resistant, since their insulin and glucose response to OGTT was normal and no
changes in HOMA among periods were found.

In summary, this study showed that fatty acids changes -within the range of normal diet can
induce differences in substrate oxidation, which are dependent on nutritional condition of the
subjects. Canola. oil intake could be stimulated based on its smaller insulin response, and
could be used to prevent hyperinsulineinia and insulin resistance in predisposed subjects.
Finally, 3 fatty acids recommended intake should take into account how feasible is to meet
the proposed level within the range of the usually available foods. On the other hand,
development of foods that are technologically or naturally enriched, should be encouraged.
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1. SCIENTIFIC BACKGROUND AND SCOPE OF TE 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 billion which
almost one-fourth of the world population in 1997 [1]. There were more than 0.1 billion
population aged 65 and over in 1996, which 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, 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 statistical 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
steep 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 BMIs 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 adults aged 20-45 in urban areas whose
BMI bigger than 25 kg/m2. Using the definitions for overweight based on the Body Mass
Index 6] almost half of the adult population in Beijing 7] and more than half of the elder
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population in urban Beijing are overweight [8]. Obesity is now one of the major public health
problems in China.

The economic costs of obesity are tremendous. In Australia 9], the direct costs of health care
attributable to obesity were A$395 million or 2 per cent of health care costs between 1989-
1990. In Netherlands [10], the estimated direct costs associated with overweight and obesity
were one billion Dutch guilders per year or 4 per cent of the total health care costs in 1991 In
the U.S. [I 1, the estimated direct costs of obesity were 45.8 billion dollars or 68 per cent of
the health care costs in 1990. Although no data available about the direct costs of obesity in
China, it should be an astronomical figure.

Many health hazards are associated with obesity 12]. Being obese can induce multiple
metabolic abnormalities that contribute to cardiovascular disease, diabetes mellitus, and other
chronic degenerative diseases 13 ]. Manson 14] and Lew [ 1 5] reported that increased risk of
all-cause and coronary heart disease mortality were associated with BMI. Study in USA 16]
indicated that obese individuals have a four time greater risk of developing hypertension as
compared to lean people. Colditz 17] found that early obesity increased risk of developing
non-insulin-dependent diabetes mellitus (NIDDM) and 88 to 97 per cent of NIDDM was
attributable to their obesity.

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 [18, 19]. However, the contribution of each specific factor has not yet been
identified. It has been recognized that high levels of body fat cannot have 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 determining energy regulation 20-27].
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.

Because effective measures for treating obesity are lacking, the most effective and economic
strategy is to prevent it happens. The risk factors to obesity should be identified in order to
develop effective prevention strategies.

2. RESEARCH OBJECTIVES

• To compare the dietary intakes of Chinese adults with normal weight, overweight and
obesity.

• To compare the physical activity levels and energy expenditure of Chinese adults with
normal weight, overweight and obesity.

• To identify the risk factors for overweight and obesity among Chinese population.
• To provide scientific information for developing obesity prevention strategies.
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3. STUDY DESIGN

This is a cross-sectional study. One hundred fifty adults were recruited for this study. They
were divided into three groups (normal weight, overweight and obesity) according to their
13M[Is.

2
• Normal weight: BNE 18.5-25.0 kg/m
• Overweight: BM[I 25.0-29.9 k g/M2

• Obesity: BNH >30.0 k g/M2

4. METHODS

4.1. Body Composition and Energy Expenditure

2-H and 18-0 were used for estimating body composition and total energy expenditure. Using
isotope-ratio mass spectrometry according to established protocol performed isotope analyses.

4.2. Physical Activity

Physical activity questionnaire was used for collecting physical activity.

4.3. Dietary Intake

Three-day (two weekdays and one weekend day) food weighted method was used. The
dietary energy and nutrients intakes were calculated by using the 1991 Chinese Food
Composition Table.

4.4. Body Fat Distribution

Standard procedure was followed to measure subjects'weight, height, circumferences of
waist, hip and mid thigh. Waist-to-hip and waist-to-thigh ratio were used as the index of fat
distribution.

4.5. Serum Insulin and Leptin

Serum insulin and leptin levels were assayed by using Radioimmunoassay.

4.6. 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-I, and apo levels were analyzed in Institute of
Nutrition and Food Hygiene by using the established methods.
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4.7. Blood Pressure

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

4.8. Blood Samples

A single fasting blood sample of 20 ml was drawn from each subject's vein for preparation of
plasma and serum, which then was stored at 80 OC.

5. SCREENING AND RECRUITMENT

5.1. Screening

Five hundred adults aged 35-52 years from 24 neighborhood committees in 4 urban districts
of Beijing were involved for the screen. A questionnaire was administrated for each of them.
The screening data was analyzed, 155 subjects from 500 candidates were qualified for the
study.

5.2. Data Collection

A 7-day study was conducted involving collecting data on anthropometry, physical activity,
and dietary survey in each subject. The general information of the subjects was collected by
interview-administered general questionnaire. Body composition was assessed by deuterium
oxide dilution technique on study day 1. Physical activity was measured by using the
modified VMO 7-day and 1-year questionnaires. Dietary intake was measured by using 3-day
food weighted method and food frequency questionnaire. The dietary energy and nutrients
intakes were calculated using the 1991 Chinese Food Composition Table. Standard procedure
was followed to measure subject's weight, height, circumferences of waist, hip and mid thigh.
Blood pressure was measured on the morning of two study days using a standard random-zero
mercury sphygmomanometer A single fasting blood sample of 30 ml was drawn from each
subject for preparation of plasma and serum. Serum insulin and leptin concentration were
analyzed using radioimmunoassay. Lipid profile was analyzed by using standard methods
which meet the performance requirements of the lipid standardization program of the CDC.

The dietary survey was carried out at subject's home. All other measurements were conducted
in the lab of the institute.
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5.3. Chemical and physical analysis

5.3. 1. Food sample

Gross energy content was determined in freeze-dried samples by using a bomb calorimeter.
Total fat content was determined in freeze-dried samples by acid hydrolysis.

5.3.2. Body composition

Abundances of deuterium in the isotope dose dilutions and in the urine specimens were
analyzed by using isotope-ratio mass spectrometry.

5.3.3. Energy expenditure

Energy expenditure was assessed by modified WHO -year questionnaires.

5.3.4. Blood sample

Lipid profile including TC, TG, HDL, LDL, VLDL, lipoprotein (a), apo A-1, and apo B
concentrations were analyzed by using standard methods which meet the performance
requirements of the lipid standardization program of the CDC. Serum insulin and leptin levels
were measured using radioimmunoassay (RIA).

6 DATA ANALYSIS

All the questionnaires were double checked and coded and then were entered into different
databases ad checked logically before analysis.

Values were expressed as mean ± SEM, difference between the three groups was compared
using ANOVA analysis; Difference of rate between three groups was compared using X2 -test.
Statistic significance was accepted at P<0.05.

7. PRELMINARY RESULTS

7.1. General information

A total of 155 subjects 78 males, 77 females) were included in the study. Their age, gender,
height, weight and BNH were shown in Table .

The circumferences of waist, hip and waist/hip ratios of the three groups were shown in Table
2. The waists, hips and waist/hip ratios in obese group were greater than that in overweight
and normal weight groups.
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7.2. Dietary intake

The total dietary energy intakes and the percentages of the energy intake of RDA of the three
study groups were shown in Table 3 The total energy intakes and the percentages of RDA in
overweight and obese groups were significantly greater than that in normal weight group. No
significant differences were found between overweight and obese groups.

The fat intakes and percentages of RDA of energy from fat in three study groups were shown
in Table 4 The total fat intakes in obese group and overweight group was significant greater
than that in normal weight group. However, no significant difference was found between
obese and overweight groups. No significant differences were found among three groups for
the percentage of energy from fat.

7.3. Physical activity and Energy Expenditure

The time spent on physical activity in normal weight and overweight groups were significant
greater that in obesity group. The same trend was found for the energy expenditure by body
weight. See Table .

7.4. Body Composition

The percent body fat of normal weight, overweight and obese groups were 29.0%, 33.9% and
39.7%, respectively (Table 6. Significant differences were found between each two groups.

7.5. Blood Pressure

The means of diastolic and systolic blood pressure and hypertension rate of the three groups
were shown in Table 7 The hypertension rate in obese group 33.3%) was significantly
higher than that in overweight group (I 7.3 %) and in normal weight group (I 1. 5 %).

7.6. Lipid Profiles, Insulin and Leptin

The total cholesterol, triglyceride, high density lipoprotein, low density lipoprotein,
Apolipoprotein B and Apolipoprotein A-I were listed in Table 810.

The insulin level of obese group was 22.3±13.lmg/dI, significantly higher than that in
overweight group (14.5±6.Omg/di) and in normal weight group (11.2±4.3mg/dl) No
significant difference was found between overweight and normal weight groups (Table I ).

The leptin in obese, overweight and normal weight groups were 30.6±18.6ng/dI,
18.4±14.7ng/dI, and 9.2±8.Ong/dI, respectively. Significant differences were found between
groups (Table 1 1).

7.7. Plasma total homocysteine level and vitainine cofactors

Total homocysteine (tHcy), folate, Vitamin B6 and Vitamin B12 of three groups was shown in
Table 12. No significant differences were found among three groups for the means of tHcy,
folate, Vitamin B6 and Vitamin 12 (Table 12).
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TABLE 1: GENERAL INFORMATION OF SUBJECTS

Age (yn) Height (cm) Weight ft) DMI 2gL�
Normal IOverwt Obesity Normal Oveiwt Obesity Normal T!"0=rwt Obesity I Normal Overm Obesity

Male
Mean 1 43.8 141.8 42.9 170.8 170.9 173.2 66.7 1 79.1 96.5 1 22.8 27.0 32.2
Std 1 3.8 13.8 4.0 4.7 6.1 6.2 6.8 1 7.6 8.2 1 1.8 1.2 2.0
Female
Mean 1 43.6 142.2 43.1 159.7 158.3 159.7 56.9 1 69.5 83.3 1 22.2 27.7 32.6
9td 3.4 14.2 1 3.5 6.7 13.8 6.1 7.7 1 3.8 11.4 1 2.0 1.4 3.3
Total
Mean 43.7 142.0 1 43.0 165.3 1164.6 166.6 61.8 1 74.3 1 90.0 1 22.5 27.4 32.4
Std 1 36 14.0 1 3.7 8.0 18.1 9.1 8.7 1 7.7 1 11.9 1 1.9 1.3 2.7

TABLE 2 TBE WAIST, H[P AND WAISTJ-1IP RATIO OF TBREE GROUPS

Waist (cm) Hip (cm) Waist/Hip Ratio�
Normal Overwt Obesity Normal I Overwt Obesity Normal I Overw I Obesi�

Male
N 26 26 26 26 26 26 26 26 26
Mean 82.9 90.6 102.3 93.6 100.0 110.2 0.89 0.91 0.93
Std 5.7 5.3 4.8 3.9 14.1 5.0 0.04 1 0.03 0.05
Female
N 26 26 25 26 26 25 26 26 25
Mean 74.0 84.9 94.6 94.1 101.8 111.3 0.79 0.83 0.85
Sid 6.4 3.3 5.5 4.8 14.1 6.9 0.05 0.03 0.04
Total
N 72 72 71 1 72 1 72 171 1 72 1 72 71
Mean 78.511 87.8 b 98.5c 1 93.8 a I 100.9b 1 110.70 1 0.84 a 1 0.87 b I0.89b

Std -F7.5 5.2 1 6.4 1 4.3 14.2 1 6.0 1 0.07 1 0.05 10.06
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TABLE 3 AVERAGE DAILY ENERGY INTAKE

Ener Intake cal) %RDA of Ener Intake
Normal Overwt Obesity Normal Overwt Obesity

Male
N 26 26 26 26 26 26

-Mean 2389 2614 2312 88.2 96.9 121.3
Std 846 1904 1721 33.8 62.2 68.0
Female
N 26 26 25 26 26 25

-Mean 1601 2214 2342 69.7 95.9 104.9
Std 514 888 1045 25.6 39.4 43.1
Total
N 52 52 5 1 52 52 52
Mean 1995a 22�� 2414 b 78.9 a 96.4ab

Std 809 1482 1485 31.1 51.5 57.2-

TABLE 4 AVERAGE DAILY FAT INTAKE

Total Fat Inta (g) % o Energy from Fat
Normal Overwt Obesity Normal Overwt Obesity

Male
N 26 26 26 26 26 26
Mean 132.2 144.0 194.8 50.3 48.8 52.7
Sid 51.0 105.2 128.0 8.3 10.0 9.9
Female
N 26 26 25 26 26 25
Mean 87.4 117.2 124.3 49.3 48.8 48.9
Std 30.3 48.6 54.8 8.9 10.0 11.2
Total
N 52 52 5 1 52 52 5 1
Mean 109.8a 130.6ab -1766-00-33T-1 49.8a 48.8" 50.8a
Std 47.3 82.3 104.4 8.5 10.5 10.1
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TABLE 5: AVERAGE WEEKLY ENERGY EXPENDED BY PHYSICAL ACTIVITY

Time Spent (minutes) Calories Expended (Kcal) Calorie Expended by Body
We ght (kcal g)

Normal Overwt Obesity 'Normal Overwt Obesity Normal Overwt Obesity
Male
N 26 26 26 26 26 26 26 26 26
Median 405.8 442.9 354.1 9441 11621 10897 148.5 149.6 114.6
Q3-Q] 124.7 13.6 216.4 3337 6167 6294 46.8 62.4 1 70.3
Female
N 26 26 25 26 26 25 26 26 25
Median 465.4 4817 438.6 9094 9784 11858 164.5 143.0 145.9
Q3-Q] 144.1 200.7 168.6 4146 6016 5104 51.5 95.9 46.8
Total
N 52 52 5 1 52 52 5 1 52 52 51

b I bMedian 43 2 lab 453.6" 398.6 9389a 1054 11818 152.2a 147.9ab 132.7"
Q3-Q] 1 140.2 165.7 208.6 3533 6552 6047 56.3 73.1 54.5

TABLE 6 PERCENT BODY FAT OF THE THREE GROUPS

Deuterium Dilution (%) Skinfold Thickness
Normal Overwt Obesity Normal Overwt Obesity

N 25 25 25 26 26 26
Male Mean 24.4 29.6 31.9 20.3 25.1 31.3

Sid 5.4 3.7 2.3 3.9 3.2 3.0
N 26 15 1 1 26 26 25

Female Mean 33.5 41.0 43.9 33.6 40.2 42.1
Sid 3.7 3.1 4.0 4.6 1.6 2.0
N 5 1 40 17 52 52 5 1

Total Mean 29.Oa 33.9" 39.7c 26. ga 32.6b 36.6c
Sid 6.5 1 6.6 6.8 7.9 8.0 6.0
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TABLE 7 BLOOD PRESSURE NPvIHG) AND HYPERTENSION RATE

stolic B iastolic Bp - Rate of yperte ion(%)
Normal Overwt Obesity Normal Overwt Obesity Normal Overst Obesity

Male

N 26 26 26 26 26 26 26 26 26

Allean 124 126 134 83 84 89 23.1 23.1 42.3

Sid 15 9 20 9 9 12

Female

AT 26 26 25 26 26 25 26 26 25

Me a n 112 124 126 7 6 8 0 8 5 0 1 3 31.6

Std 8 3 1 8 7 1 0 8

Total

AT 5 2 5 2 5 1 5 2 5 2 5 1 5 2 5 2 5 1

Wean 118a 125' 130b 80a 82a 8 7b 11.5a -17.3b 33.30

Std 1 3 1 1 9 8 9 1 0

TABLE 8: TOTAL CHOLESTEROL AND TRIGLYCERIDE OF TREE GROUPS

Total Cholesterol riglyceride

Normal Overwt Obesity Normal Overwt Obesity
Male

AT 26 26 26 26 26 26

Alean (mgldl) 168.3 176 166 175 207.1 217.5

Sid 28.5 28.6 25.2 138.8 168.9 149.4

Female

?V 26 26 25 26 26 25

Wean (mgldl) 153 161.4 158.3 79.3 131.3 125

Std 26.5 24.1 21.3 30.1 109.1 56.8

Total

NT 52 52 51 52 52 51

Yean (mgldl) 160.7 168.7 162.3 127.1 169.2 172.2

�td 28.3 27.2 23.5 110.6 145.8 122.1

74



TABLE 9 HIGH DENSITY LIPOPROTEIN AND LOW DENSITY LIPOPROTEIN OF
THREE GROUPS

HDL LDL

Normal Overwt Obesity Normal Overwt Obesity

Male
N 26 26 26 26 26 26

Allean (mgldl) 42.6 37 33.7 96.1 106.8 95

Std 12.5 8.4 5.9 27.8 23.6 25.3

Female

26 j 26 25 26 26 25

Alfean (mgldl) 48.2 44.4 42 88.9 93.2 91.3

Sid 7.5 9.3 8.9 24.5 18.4 20.8

Total
52 52 51 52 52 51

Allean (mgldl) 45.4- 40.7 b 37.70 92.5 100 93.21
Std 10.6 1 95 8.6 26.2 1 22.1 23

TABLE 10: APOLIPOPROTEIN AND APOLIPOPROTEIN A-I OF THREE GROUPS

Apo ipoprotein B Apolipoprotei A I

Normal Overwt Obesity Normal Overwt Obesity

Male

IV 26 26 6 26 26 6

Mean (mgldl) 81.9 86.2 88.5 136.2 127.5 135.7

Sid 22.7 19.7 16.2 25.2 21.4 14.9

Female

N 26 15 1 1 26 15 11

Mean (mgldl) 62.5 69.9 71 141.8 136.1 140.3

Sid 16.2 17.3 14.2 14.6 20.3 25.8

Total
?V 52 41 17 52 41 17

Mean (mgldl) 72.2 80.2 77.2 139 130.7 138.6

Std 21.9 20.2 16.8 20.6 21.1 22.1
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TABLE I : INSULIN SENSITIVITY AND LEPID CONCENTRATION

Glucose (mg 1) In ulin (mg 1) L ptin (ng 1)
Normal Overwt Obesity Normal Overwt Obesity Normal Overwt Obesity

-Male
Mean 87.2 93.3 104.1 11.3 13.7 22.0 4.8 6.4 22.5
Std 10.1 13.1 29.5 4.2 5.1 13.3 3.9 3.1 21.2

-Female
Mean 90.5 96.1 98.8 11.2 15.3 22.7 13.6 30.4 39.0

-Std 8.4 11.9 14.5 4.5 6.7 12.9 8.6 11.6 10.6
Jotal
-Mean 88.8 a 94.7 a 101.5 11.2a 14.5a 30.6 b 9.2" 84 30.6c

-Std 9.4 12.5 23.3 4.3 6.0 19.6 8.0 14.7 18.6
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TABLE 12: PLASMA TOTAL HOMOCYSTEINE LEVEL AND VITAMIN LEVELS
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Ahstract

Obesity and NIDDM are common in the ThirdAge and increasing in Cuba Among the life-style changes
associated with increased prevalence of oh esity 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 needfor reference valuesfor the total
energy requirements of healthy elderly people. Regular physical activity reduces the likelihood to develop
diseases that characterise the metabolic cardiovascular syndrome. With the purpose of estimating the
energy requirements, a group of 48 elderly people aged 61-74 years living in a rural mountain
community was submitted to a medical, epidemiological, dietary and biochemical study of the nutritional
status. Glucose intolerance was diagnosed in 40% and arterial hypertension was present in 23 of
them. Ten subjects without signs or symptoms of the metabolic cardiovascular syndrome were submitted
to a measurement of the total energy expenditure by the doubly labelled water method PAL values of
2.13 and 1. 77 were measured for men and women, values which were significantly higher that the
recommended value of 151 for elderly subjects. The estimation of energy requirements by the energy
intake or by the factorial method using the physical activity questionnaires generated values, which were
II and 30% lower than the values obtained by the DW-method The value of .5 x BMR for the
estimation of the energy requirements of elderly subjects living in rural areas and submitted to higher
levels ofphysical activity seems to be sub estimated

1. SCIENTIFIC BACKGROLTND AND SCOPE OF THE PROJECT

In Cuba the reduced mortality and fertility and a remarkable change in the age structure 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 life-style and a reduction of the Total Energy Expenditure (TEE), which could
promote weight gain. There is limited information in relation with the energy requirements of
the elderly in comparison to others groups of age. Generally a mean energy intake of 1.51
times BMR is recommended for subjects over 60 years.

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 modem lifestyle
may have induced a decrease in daily energy expenditure of 12 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 include 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.
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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 with recent
results, the total energy expenditure is a major determinant of the risk of having this syndrome
[4-5]. Glucose intolerance is strongly associated with low physical activity 7-13], however in
none of the prospective epidemiological studies, which support this affirmation a critical
method has been used to quantify exactly the physical activity and the total energy
expenditure.

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 negative energy
balance, weight loss and some degrees of -undernutrition. Coronary heart disease, obesity and
non insulin dependent diabetes mellitus, chronic diseases related with the ageing process and
modifications of the life style often leading to circulatory failure are becoming a significant
problem also in Cuba.

The association in the metabolic cardiovascular syndrome and the potential risk of glucose
intolerance or eventual diabetes with an increased risk of clotting, hyperlipidaemias,
hypertension, accelerated degenerative changes in the vasculature, small stature, abdominal
obesity, low-full-term. birth weight and enhanced predisposition to cerebrovascular or
cardiovascular incidents is an actual topic that has to be taken into account in the discussion
related with nutritional status and nutritional requirements of the elderly 6,16]. Those factors
should be taken into account in studies on the energy requirements of the elderly population.

In elderly people exists an imbalance between energy intake and energy expenditure. 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 by the
diversity of the physical activity patterns in the elderly population.

The VVHO, 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 17],
but this method underestimate the energy requirements basically because of the difficulty for
the classification and quantification of the physical activity. A evaluation of recently doubly
labelled water (DLW) studies in adults over 60 years of age of developed countries have
shown a physical activity level (PAL) value of 161 for men and 163 for women. According
with these results the energy requirements of the elderly population should be underestimated
by those International organisations 181. An analysis of 574 measurements of the TEE with
the DLW-method in elderly people of affluent societies has shown a PAL value of 162 for
women from 65-74 years of age and a reduction to 148 for women older than 75 years. The
values for men were 161 and 154. This analysis included persons with different levels of
physical activity 19].

Using the DLW method a mean PAL value of 159 was measured in free living women of
Havana City in 1998. The data showed a great variability 20]. The mean value did not differ
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from the one used in the energy allowances for the Cuban population .60) 2 1 ]. According
to the 1985 FAO/VVHO/UNU Expert Committee 22], the energy requirements should be
preferably determined by the measurement of the TEE than by the observation of dietary
intakes. Of all 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.

The purpose of this study was to measure the total energy expenditure of healthy elderly
people living in a rural area of Cuba using the doubly labelled water method.

2. SUBJECTS AND METHODS

2.1. Subjects

The subjects included in this study were forty eight adults from 60 to 78 years of age 26
males and 22 females) of the rural mountain community "Las Terrazas" in western Cuba
selected in May 2000 by intentional and not probabilistic procedure. The population of that
community classified as rural, but they live concentrated in an area in the mountains with
most of the facilities of urbanization. The men were employed in activities related with
ecological tourism, reforestation labors, the assistance of an ecological reserve or were retired
but occupied during the day with farming. Women were mostly involved in farming,
gardening, sedentary occupations or were retired. All of them classified as oriented in time
and space according to the Pfeiffer scale 23] and were physically independent accordin to
the scales of Katz 24] or SENECA 25].

Ethical approval was obtained from the Ethical Committees of the Ministry of Public Health,
the Institute of Nutrition of Cuba and the Ethical Committee of the Research Center on
Feeding and Development from Hermosillo, Sonora, Mexico. Each subject was previously
informed about the objective and exact design of the study and written consent was obtained
from the subjects, family and local health and civilian authorities. Repeated sampling of blood
was not allowed by Cuban authorities and therefore the diagnose of glucose intolerance could
only be obtained by the traditional oral glucose tolerance test.

Subjects were initially submitted to a health interview in relation to physical activity and
health picture. Subjects with incapacitating and degenerative diseases (ischemic heart disease,
cancer, arthritis and vascular diseases) and patients with arterial hypertension and diuretic
intake were not included in the study. Subjects with controlled arterial hypertension under
treatments with betabloquers, calcium antagonists and inhibitors of the angiotensin converting
enzyme were included. They referred that such treatment did avoid them the realization of
their normal physical activity. All subjects referred no changes in body weight during the
previous six months to the study. The study was followed during five weeks in the spring of
2000. Mean ambient temperature was 25T and atmospheric pressure 760 mm Hg.
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2.2. Study Design

The 48 selected subjects for the study arrived after 12 h fasting to the laboratory of the clinical
station of the community at 0800 on study day for a clinical, anthropometrical and
laboratory examination. All of them were newly asked to come again the second and third
week of the study for measurements of body composition and resting metabolic rate.

2.2. 1. Clinical laboratory measurements

Glucose tolerance and type II diabetes were studied according to the WHO recommendations
[26]. Glucose in capillary blood was measured with the HemoCue (AB, Angelholm, Sweden)
according to the method of Ashworth et al. 27] before and after a 75-g glucose load.
Hemoglobin was measured by B-Hemoglobin (Hemocue AB, Angelholin, Sweden). Urine
analysis by Multistix 10 SG, Bayer.

2.2.2. Bloodpressure

Blood pressure was recorded tree times in sitting and lying position. Values higher than
160/95 in elderly people classified as essential hypertension 28].

2.2.3. Anthropometric measurements.

Body weight was registered without clothes with a Soehnle scale (capacity 150 kg, precision
100 g). Height and recumbent height were measured with a stadiometer Proines or Holtain
Limited, Dyfed, Britain. Bicipital, tricipital, subescapular and suprailiac skinfolds were
measured by trained personal with skinfold caliper Holtain LTD, Cyinych, UX.. All
measurements were carried out according to the recommendations of Dumin 29]. Waist and
hip circumferences were measured with a metric band (Lafayette Instruments Company,
U.S.A.).

2.2.4. Body composition

Was measured by bioelectricalpedance with the system RJL (BIA 101, RJL System Detroit,
Mich., USA), previously calibrated with a resistance of 496 n. Measurements were followed
according to Lukasky et al. 30]. For the calculations was used, for men the specific equation
for men older than 60 years proposed by Durenberg et al 3 1 ]. Body composition for women
was calculated by the equation of Segal et al 32] proposed for adult women with more than
30% body fat. The % of body fat was obtained by difference.

2.2.5. Physical activity records.

All 48 subjects were submitted to a registration of the physical activities developed during the
12 months previous to the study. The Kriska et al. questionnaire 33] adapted by Alem�n et al.
[34] for the PAL estimation in a population older than 60 years in a rural region of Mexico
was used for this purpose by a trained interviewer. This questionnaire included all work and
discretional activities and was followed for 30 minutes in each subject. The energetic cost of
the physical activity for the adult population 22,35] was used. The estimated PAL should
represent the physical activity energy expenditure of a representative day of the year. The
questionnaire was repeated 34 weeks later during the development of the doubly labeled
water study.
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2.3. Energy expenditure

2.3. 1. Resting metabolic rate by indirect calorimetry.

In the clinical facilities of the rural community an acclimatized room was adapted for
metabolic measurements. The Resting Metabolic Rate (RMR) was measured under
thermoneutral temperature conditions (24-260C) and absence of physiological and
psychological stress using the ventilated-hood indirect calorimeter Deltatrac (Sensor Medics,
Calif USA). Measurements were followed for 25 minutes, after an adaptation period of 
minutes to the ventilated hood. RMR was measured after 814 h fasting. The subjects were
asked before for not developing hard physical activities the day before, to wait in rest for the
transportation and to have dinner the previous night between 78 p.m., they were transported
by car from their homes to the clinic, having also being sedentary since waking. Direct after
arrival to the clinic they were asked to rest supine at the clinic for 30 minutes and to avoid
hyperventilation, fidgeting and sleeping during measurements. Room temperature was
registered 4 times during each test and atmospheric pressure two times daily.

The gas analysators of the monitor were calibrated before each measurement with a reference
gas mixture with 94.36 02 and 496 C02 and certified by gas chromatography
(Laboratorios de Gases Especiales, Fabrica de Gases Industriales Ciudad Habana). The
atmospheric pressure of the monitor was calibrated against the lectures of the room mercury
barometer. During the RMR measurements the flux of the Deltatrac system was verified by
repeated ethanol tests which simulated an energy expenditure von 1300 - 800 kcal. The
recovering values of the gas volume were 93.7% and 102.3% for 02 and C02, respectively.
The mean volume values measured by the Deltatrac were adjusted to 100% and used for the
calculation of the RMR with the Weir ecuation 3 6].

2.3.2. Total Energy Expenditure.

Was calculated for the 48 subjects by the factorial method using measured RMR and the PAL
values estimated by the Kriska-Aleman physical activity questionnaire. Calculations were
compared with the recommended values obtained with a PAL value of 1.51 recommended by
the Expert Committee of FAO/WHO/LTNU 1985 22].

3. ENERGY E)(PENDITURE BY THE DLW-METHOD

Ten from the 48 subjects included in the study (five men and five women) were selected for
the measurement of the total energy expenditure by the doubly labelled water method.
Subjects were selected according to the absence of hypertension, hipertriacylglycerolaemia,
raised LDL and reduced HDL-cholesterol, central (intra-abdominal) obesity and impaired
glucose tolerance. The selected subjects were studied according to the following protocol:

3.1. TEE by the DLW-method

The doubly labelled water method was used to determine the Total Energy Expenditure (TEE)
of each subject led a normal life at work and home during 14 days. Each subject received a
dose of labelled water with 0.05 g/kg Wt 2 H and 13 g/kg Wt 180 between 0700 and 0900
followed by 50 ml rinses of tap water.
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The distribution spaces in the body and the subsequent rates of disappearance from urine were
taken into consideration. The rate of elimination of deuterium reflects water output whereas
the rate of disappearance of Oxygen 18 reflects water output plus C02 production; the
difference between these two rates mainly reflects C02 production rate from which TEE was
calculated.

Urine collections of the second urine void in the morning were sampled before the
administration of the isotope doses and collected daily for 14 days afterwards. For avoiding
isotopic fractionation and elimination, the samples were immediately sealed and stored at 4C
until analysis. The samples were transported in July 2000 from the Sierra del Rosario to the
INTA, Santiago de Chile for isotopic measurements. The abundance of deuterium and
Oxygen 18 in the doses and in the samples was analysed in duplicated for both, deuterium and
Oxygen 18 by using continuous flow-mass spectrometry at the laboratory of Stable Isotopes,
Institute of Nutrition and Food Technology, University of Chile. Samples were prepared for
deuterium- analysis by Pt catalyst and equilibration during three days- for the O/"O ratio the
H20/CO2 equilibration method was used.

Values of TEE were calculated from the rate Of C02 production by using the Weir equation
with estimates for respiratory quotient assumed to be equal to a food quotient of 0.85. The
calculations were performed by using a lineal regression of the log values, and applying the
assumptions and error estimations proposed by Coward et al 1994) 37], and Cole et al
(1990) 38]. Values of TEE were calculated from the mass spectrometry deducted data by
applying the modified equation of Coward for use in older subjects, which takes into account
the predicted lower ratio of fractionated water loss in this age.

3.2. Physical activity

Physical activity was also registered in the IO subjects submitted to the doubly labelled water
study by the physical activity questionnaire of the developed sociornedical survey in the
elderly of eleven countries 391, which included the activities of each subject 24 hours before
the interview. The activity coefficients proposed by FAO 1990 were used for the calculations
of the Total Energy Expenditure (TEE).

3.3. Measurement of nutrient intakes

During the period of the doubly labelled water study the food consumed by each subject was
measured directly by two trained dieticians by 3-day weighed dietary record, which included
2 week-days and a week end day during the 10-day doubly labelled water study. The subjects
were observed while they ate and the weights of the meals served and the leftovers were
measured. Data on breakfast were obtained together with the installation of TriTracs.
Relatives or accompanying persons were asked to inform the dieticians about the registration
of additional foods consumed by the subjects in the meals intervals during the study. Scales
and measuring cups were provided to quantify amounts of each food item consumed (weight
given and leftovers). The dieticians were always with the subjects during the time of food
consumption at home or at the lunch facilities of the work places. The subjects were observed
while they ate and the weights of the meals served and the leftovers were measured. Direct
interviews with relatives, accompanying persons or the staff of the lunch facilities of the lunch
facilities allowed the registration of food preparation practices.
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Macronutfients intake was calculated for the 3-d weighed dietary intake by using the Cuban
food-composition tables included in the CERES software developed at the Institute of
Nutrition in Havana with the support of FAO 40].

3.4. Statistical analyses

Statistical analyses were carried out with the Number Cruncher Statistical Systems (NCSS 97)
for Windows. Two-ways analysis of variance was used for analysis of the sex influences.
Data of the resting metabolic rate were adjusted to lean body mass using the covariance
analysis 41]. Comparisons of the RMR, TEE, dietary energy intake were carried out with the
Wilcoxon test.

4. RESULTS

The characteristics of the subjects are presented in Table I. There were no differences between
men and women with respect to age, BMI, or blood pressure. Glucose intolerance was
diagnosed in 40% of the 48 subjects. Whereas 65 of the men had normal glucose tolerance,
that was true of only 55% of the women. Arterial hypertension was present in 23 of the
studied subjects (8 % of the men and 41 of the women) (Table II). Only 1.8% of the 48
subjects showed total cholesterol levels higher than 52 mmol/l a 73% of them had
triglycerides levels higher than 186 nimol/l, 14% had lower values of cholesterol-HDL and
none had pathological values of cholesterol-LDL.

4.1. Energy metabolism

The measured and predicted values of RMR (Table III) were not statistically different. Men
showed higher values 541 or 522 M/d) than women 468 or 473 MJ/d). R.MR was
positively correlated with lean body mass ( = 083; p = .001), body weight ( = 0.81; p <
0.001) and physical activity level ( = 020; p < .01). It was negatively correlated with age r
= 0.21; p < .001).

4.2. Physical activity by questionnaires

Men were most involved in moderate to hard physical activities like walking uphill, walking
and carrying, digging ground, cycling, climbing stairs, harvesting, crops of weeds, cutting
grass, animal husbandry, forestry, cross country walking, chopping wood, loading sacks,
gardening. Women developed more sedentary, light and moderate activities like walking
stairs, walking and carrying, gardening, washing, weeding crops, aimal husbandry, carrying
weights, harvesting crops, standing planting crops, and general household chores. The results
of the questionnaire of Kriska and Aleman which reported values of the previous year showed
that men dedicated more time to occupational activities 4.32 vs 3.25hours/d; p<0.05) than
women (Table IV) and expended more time in hard activities 135 vs. 003 hours/d;
p<0.001). PAL values calculated for men and women were 177 and 143 according to this
questionnaire.

Using the questionnaire of the sociomedical survey in the elderly of eleven countries. 41],
which included the activities of each subject 24 hours before the interview PAL values of 172

0 12 for men and 148 ± 006 for women.
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4.3. Total Energy Expenditure TEE by questionnaire

Values of TEE were calculated with the individual measured values of RMR and the PAL
values registered with the questionnaires (Table III). TEE was statistically different between
men and women 9.4 5 vs. 62 5 MJ/d; p <0. 00 1). The valu es were significantly higher than the
Cuban dietary energy recommendations for men (p < .01) and significantly lower than the
values recommended for women (p< 0.0001). The values of TEE obtained for those elderly
with the factorial method by questionnaire were lower than expected according to the referred
physical activity level of those adults.

4.4. Total energy expenditure by the doubly-labelled water method

Table V shows the results of the dilution spaces, decay constants and the measured C02
production in mol/d for each subject. Mean 2H:"O dilution spaces ratio was 10427 (SD
0.039). The ratio of 2H and 80 of the Cuban elderly subjects 1.04) are slightly over the
values found in subjects living in cold environments but similar to the values measured by
Goran et al in elderly subjects in Virginia, USA. Mean 2H disappearance rate was IL % (SD
2%) per d 8.9 - 14.4%). Mean 18 0 disappearance rate was 14.4% (SD 2) per day 12 -
18%). Within-subject standard error of estimate Of C02 Production averaged 61 (SD 07)
by men (5 - 7) and 712 % (SD 32%) by women 4.7 - 12.2%).

Table III shows the values of TEE measured for each subject by the DLW method and the
factorial method using the measured RMR by indirect calorimetry and a questionnaire for
physical activity. Mean daily total energy expenditure by the DLW method was 29% higher in
men than in women (p < 0. 0 1). It ranged from 9 to 14 MJ/d in men and from 5.8 5 to I I
MJ/d in women

The estimation of energy requirements by the energy intake or by the factorial method using
the physical activity questionnaires generated values, which are I I and 30% lower than the
values obtained by the DLW-method in women. The registered value of MJ/kg body weight 
d for those rural women is in the observed range of energy expenditure for women of other
studies (Table VI).

The rural elderly men of the Cuban study showed a PAL value of 213, which was higher of
the reported values for subjects of the same age group in other studies but close to the value of
1.93 registered in elderly men of a rural community in Chile (Table VII). The values of TEE
for the Cuban subjects were in the observed range in other studies. Cubans were
approximately 20 kg lighter and showed a lower RMR than the subjects included in other
DLW studies. For this reason the energy expenditure per kg body weight was more than 20%
higher, implying a higher cost of physical activity.

The validation of the energy requirements calculated in men by the factorial method using the
physical activity questionnaire brought values which were 27% lower than the measured by
DLW (Table IVa). Differences of 55% (or 27% excluding outliers) were found between
energy expenditure and intake for men and the regularly reported underestimation of the food
consumption by those elderly subjects was playing a role in the results. A 31% and 12%
underestimation of total energy expenditure by the measurement of the energy intake has been
also reported by Goran in elderly men and women.
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The PAL values measured in elderly subjects of this rural mountain community was higher
than the informed values from international organizations 22,42,43]. Values for women were
lower than for men, what is sure generated by the fact that women of the community
expended more time involved in physical activities classified as light. They expended around
1.7 hours/d of a representative day of the year in activities with an energetic cost of I - 25 x
RMR. In moderate activities (almost all related with household) women expended only 065
hours/d. The time expended in moderated activities was 065 hours/d and eventually in
farming or harvesting, activities with values of energetic cost of 26 - 39 x BMR. Activities
classified as hard use to have values of energetic cost higher than 4 according to the arbitrary
classification of James y Schofield 35]. Some of those women showed PAL values higher
than 2.

The current energy requirements in the elderly are based on factorial type calculations
described by WPT James et al. According to this approach the energy requirement of the
elderly correspond to 1.5 times RMR. However the values measured in those rural elderly
subjects by the DLW-method were 213 for men and 177 for women.

In 1999 during a collaborating DLW study with the School of Nutrition of the Mc Gill
University, Montreal, Canada a PAL value of 1.58 was measured in free-living urban elderly
women from Havana City. Similar results were obtained in rural women from Chile 1.6) and
other studies shown in this report (range 143 - .80) (Table VI). A further classification by
age ranges and types of activities would perhaps explain the slight differences.

Men expended 189 hours per day in physical activities classified as hard and 107 hours/d in
moderated activities. Some of the subjects involved in this study had PAL values of 2.3. Men
and women expended a minimum of time in rest and recreational activities, therefore the main
contribution to the total daily energy expenditure came from the occupational activities.

The activity pattern of the elderly subjects of this community differs significantly from the
reported by FAO/WHO[UNU for subjects older than 60 years. Most of the subjects expended
most of the day in occupational activities in spite of they were retired. Most of those activities
are carried out without adequate technological supply.

The incidence of arterial hypertension and glucose intolerance in this community was high
Subjects with high levels of physical activity use to have less body fat 44], a lower risk of
cardiovascular diseases 45], type 11 diabetes 46,47] and affections related with the metabolic
cardiovascular syndrome 4,5]. In this study an inverse correlation was found between the
levels of physical activity and the fat component of the body ( = 0.40; p < .001). The
individuals selected for the energy expenditure measurements by the DLW-method were
those without signs or symptoms of the metabolic cardiovascular syndrome. The PAL values
of those subjects showed a positive correlation with lean body mass and resting metabolic rate
( = 0.20 p < .01). Lean body mass decreases with age 48] and inactivity, which conduces
to a decrease of the basal metabolic rate 49].

The value of 1.51 x BMR for the estimation of the energy requirements of elderly subjects
living in rural areas and submitted to higher levels of physical activity seems to be sub
estimated.

Physical activity levels determined by the DLW method are considerably higher than previous
published estimates for this age group and are in agreement with the type of activities in the
community. Average BMI for the ten subjects was 23.3+ 44. Nevertheless, 3 of the subjects
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had BMIs of 18.5, 17.5 and 16.8 which could be considered marginal in terms of chronic
energy deficiency depending on the PAL level. Of these, one subject with a BMI of 17.5 had
a PAL of 14, which is borderline chronic energy deficiency (CEE) degreel; another subject
with a BMI of 16.8 had PAL of 1.5 which definitely classifies as CEE degree 1. The third
subject had a BMI of 18.5 and a PAL of 21 and classifies as normal, however, his BMI is
marginal and could vary potentially with seasonality activities. These subjects represent 30%
of the individuals analysed.

The PALs obtained by the questionnaires underestimated energy expenditure and physical
activity compared to the doubly labelled water method. Total energy expenditure and PAL by
the DLW method showed a much higher level of what has been reported for similar age
groups in other studies. This would indicate an important underestimation of their energy
requirement, especially, in view of the fact that in subjects of these level of BMI, there is a
potential risk for falling into a chronic energy deficiency processes.

In spite of the fact that these results are limited with respect to sample size, currently, part of
this same study conducted in Chile and Mexico in the same age group, rural conditions and
protocol is being finalized and will provide very important information for final conclusions
from the perspective of energy requirements and recommendations.

A follow-up of these subjects extremely important for it shall shed light on matters of energy
balance due to the marginal status of some of the individuals and in the group as a whole
which will be necessary for appropriate interpretation and final conclusions.
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TABLE 1: "ENERGY REQUIREMENTS AND PHYSICAL ACTIVITY LEVEL OF
ELDERLY PEOPLE IN RURAL AREAS OF CUBA"

PHYSICAL CHARACTERISTICS.OF THE SANTLE

Men Women
(n 26) (n=22)

Age (years) 67.0 4.9 68.1±6.1
Weight (kg) 61.7 12,4 53.3 ±11.2
Height (cm) 163.0 ±10.0 150.0±10.0
Supine Length (cm) 164.0 ±10.0 152.0 ±10.0

M2)BMI (kg/ 23.0 ± 42 23.6 ± 46
BMI 1, kg/m 2 23.0 ±4.1 23.6 ± 46
BMI 2 k g/M2 22.7 ±4.1 22.9 ± 44

Waist C, cm 81.6 +10 81.5 ±13.3
Hip C cm 86.8 9.9 91.3 ±11.9
Waist/hip ratio 0.94 0.1 0.89 ± 0.1
Skinfolds Z mm 32.0 14 59.1 ± 30
Body fat by impedance 29.1 7.8 39.1 ± .8
Lean Body Mass by impedance, kg 43.1 ±6.0 32.0 ± .1

Means and standard deviations
BMI I = Body Mass Index with standing Height
1MC 2 = Body Mass Index with the recumbent Height
C = Circumferences
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TABLE 11: "ENERGY REQUIREMENTS AND PHYSICAL ACTIVITY LEVEL OF
ACTIVE ELDERLY PEOPLE IN RURAL AREAS OF CUBA".

BLOOD PRESURE AND BIOCHEMICAL INDICATORS OF CARBOHYDRATES AND
LIPID METABOLISM

Men Women Men
(n=26) (n=22) &Women

(n=48)
Blood pressure (sistolic) 125.0±15.2 122.3 ±17.2
Blood pressure (diastolic) 75.2 ± 10.3 78.1± 9.0
Rb 13.8 0.9 12.8±1.5
Glucose (fasting) 100.6±16.5 98.5± 12.0
Glucose (2h) 126.2±31.0 136.3 ±28.8
Total cholesterol nmol/1) 3.72 ± 089
Total cholesterol > 52 mmol/l 1.8 %
Triglycerides (mmol/1) 0.93 ± 060
Triglycerides > 186 mmol/l 7.3%
Cholesterol-HDL (mmol/1) 1.17± 023
Cholesterol-HDL < 091 mmol/l 14 %
Cholesterol-LDL (mol/1) 2.26 ± 091
Cholesterol-LDL > 414 mmol/l 0 %
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TABLE 111: TEE BY DLW IN ELDERLY SUBJECTS OF THE RRAL MOUNTAIN
COMNIUNITY "LAS TERRAZAS", SIERRA DEL ROSARIO, CUBA. RESEARCH
CONTRACT CUB 10599 1AEA JUNE-fULY 2000

RESTING METABOLIC RATE AND TOTAL ENERGY ENPENDITURE

RMR RMR Total Energy Expenditure� Total Energy Expenditure by
Wt MJ/d M[J/d by DW questionnaire
(kg) est measured TEE TEE PAL TEE TEE PAL

M[J/d MJ/Kg/d TEE/RMR M[J/d M[J/Kg/d TEE/RMR

Men
Luis Romero 45 4.58 4.29 9.00 0.20 2.10 7.72 0.17 1.80
Benito Perez 65.5 5.74 6.01 9.55 0.15 1.59 8.06 0.12 1.34
Juan Mendive 62.1 5.54 6.05 14.02 0.23 2.32 10.10 0.16 1.67
D. Hernandez 52.8 5.02 5.28 13.43 0.26 2.54 9.25 0.18 1.75
Albert Cabrera 52.8 5.05 5.25 11.08 0.21 2.11 12.13 0.2 2.31
Mean 55.8 5.22 5.41 11.41 0.21 2.13 9.45 0.17 1.77

Standard 8.1 0.52 0.82 2.25 0.04 0.35 1.77 0.04 0.35
deviation

Variation Coef 14.5 10.0 15.2 19.7 19.4 16.6 18.7 21.6 19.7
N)

Women
Luisa Herndndez 61.8 5.21 5.24 7.79 0.13 1.49 6.82 0.11 1.30

Felicia 49.7 4.68 4.79 10.07 0.20 2.10 6.56 0.13 1.37
Herndndez;
Martina Gallardo 37.5 4.14 3.82 5.85 0.16 1.53 4.96 0.13 1.30
Isabel Ateaga 63.3 5.28 4.56 10.08 0.16 2.21 6.43 0.10 1.41
Aquilina Diaz 41.7 4.33 4.98 7.00 0.17 1.40 6.48 0.16 1.30
Mean 50.8 4.73 4.68 8.16 0.16 1.75 6.25 0.13 1.34
Standard

11.6 0.51 0.54 1.88 0.03 0.38 0.74 0.02 0.05
deviation

Variation Coef 22.8 10.8 11.6 23.1 16.9 21.7 11.8 16.7 3.8
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TABLE IV: PHYSICAL ACTIVITY LEVEL AND HOURS/D DEDICATED TO LIGHT,
MODERATE AND HARD PHYSICAL ACTIVITIES OF ELDERLY PEOPLE OF TE
COMMUNITY LAS TERRAZAS, PINAR DEL RIO, CUBA, MAYO 2000

Women Men Sex
(n = 22) (n = 26) P

PAL 1.43 ±0.12 1.77 ± 035 0.000

T-DA 1.64±1.3 1.67±1.65 0.59

L-0A 1.43 ±1.01 1.70±3.4 0.37

M-OA 0.65±1.58 1.07±1.54 0.43

H-OA 0.002 ± 0.0 1.89±1.7 0.00
T-OA ±1.26 4.65 ± 39

PAL =PhysicalActivityLevel, T-DA= TotalDiscretionaIActivities
L-OA = Light Occupational Activities M-OA =oderate Occupational Activities

H-OA = Hard OccupationalActivities TOA = Total OccupationalActivities

95



TABLE V: TEE BY DW IN ELDERLY SUBJECTS OF TE RURAL MOUNTAIN
CONDALTNITY "LAS TERRAZAS", SIERRA DEL ROSARIO, CUBA. RESEARCH
CONTRACT CUB 10599 IAEA JUNE-JULY 2000

RMR
Name Age kcal/d kd ko Nd/No TBW Fat C02 Error

years (meas) 1/d I/d � � % % moVd) %

Men

Luis Romero 74 1026 0.0953 0.1295 1.081 57.3 21.5 18.68 6.37

Benito Perez 61 1437 0.1129 0.1330 1.01 56.2 23.0 19.78 6.02

Juan Mendive 74 1445 0.1105 0.1430 1.045 56.6 22.4 28.73 5.04

Damaso Hernandez 68 1263 0.1436 0.1675 0.994 55.9 23.5 27.54 6.03

Alberto Cabrera 71 1254 0.1337 0.1801 1.139 57.2 21.7 22.83 6.98

Mean 69.6 1293 0.1156 0.1433 1.033 56.4 22.6 23.51 6.09

Standard deviation 5.4 197 0.020 0.017 0.039 0.6 0.8 4.51 0.70

Variation Coqf (lo) 7.8 15.2 17. 12.0 3.7 1.1 3.7 19.2 11.6

Women

Luisa Hernandez 62 1253 0.1395 0.1702 1.063 40.32 40.32 16.26 8.13

Felicia Hernandez 69 1145 0.1307 0.1704 1.064 43.02 41.1 20.83 4.67

Marfina Gallardo 81 912 0.1144 0.1381 1.103 57.65 21.03 9.80 12.2

Isabel Arteaga 68 1089 0.0887 0.1196 1.036 42.55 41.72, 20.85 4.97

,4quilina Diaz 73 1191 0.1044 0.1282 0.996 59.34 18.71 19.57 5.6

Mean 71 1118 0.1155 0.1453 1.0524 47.9 32.6 17.46 7.12

Standard deviation 7 130 0.0203 0.0237 0.0396 23.5 11.6 4.67 3.16

Variation Coef (016) -9.9 11.6 17.6 16.3 3.8 49.09 35.7 26.8
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TABLE VI: TEE BY DLW IN ELDERLY SUBJECTS OF THE RRAL OUNTAIN
CONM4UNITY "LAS TERRAZAS", SIERRA DEL ROSARIO, CUBA. RESEARCH
CONTRACT CUB 10599 IAEA JUNE-JULY 2000. CONTARISON WITH RELATED
STUDIES

WOMEN

Source Cuban Havana Goran Reilly Sawaya Pannemans Gretebeck Starling Visser Black Sawaya Rural
Rural Women Poehiman 1993 1993 1995 1998 1998 1995 Et al 1991 Chile
2000 1999 1993 1 1996

n 5 11 6 10 10 10 8 37 12 10 6
ge (y) 71 66 64 73 74 68 68 64 74 74

Wt (kg) 51 54 65 60 59 65 65 94 65.4 58.7 53.6
BMI 24 21 24 1 26.3 32 25.6 24.1 22
RMR
(MJ/d) In 4.68 4.79 6.16 5.11 4.79 5.10 5.81 5.17 4.87

RDA (MJ/d) 7.81 7.24

E intake 7.36 5.63 5.99 6.69 5.58

TEE (MJ/d) 8.16 7.57 8.75 9.21 7.75 8.64 7.46 &74 8.30 7.57 7.74
TEE 0.16 0.14 0.13 0.15 0.13 0.13 0.11 0.10 0.13 0.13 0.15

d) I I I
PAL 1.75 1.58 1,43 1.8 1 62 1 1.66 1.51 1 1.61 1.62 

Dif Intake 110/0 34% 46% 12% 29%
vs. T (%) I I I
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TABLE VI: TEE BY DLW IN ELDERLY SUBJECTS OF TE RURAL MOUNTAIN
CONMIUNITY "LAS TERRAZAS", SIERRA DEL ROSARIO, CUBA. RESEARCH
CONTRACT CUB 10599 IAEA JUNE-JULY 2000. CONIPARISON WITH RELATED
STUDIES

(MEN)

Cuban Goran Pannemans Roberts Black Rural
Rural Poehlman 1995 1992 et al Chile
6/5100 1993 1996 2000

n 5 7 16 15 8
Age (y) 69 68 71 69 68
Wt (kg) 56 77 74 75 70
BMI 2 1 25.2 26
RMR (MJ/d) 5.41 7.18 6.69 5.98
RDA (MJ/d) 8.16
E intake MJ/d) 7.36 9.73
TEE (MJ/d) 11.41 11.19 .10.09 10.44 11.49
TEE (kcal/kg/d) 0.21 0.15 0.14 0.14 0.17
PAL 2.13 1.58 1.51 1.75 1.61 1.93
Difference -55%
Intake vs. TEE(%) -15%
(Eint-Tee)/Eint.100 (26

Excluding 2 subjects
• Goran MI, Poehlman ET. TEE and energy requirements in healthy elderly persons.
• Metabolism 1992; 41:744-53.
• Pannemans DLE et al. Energy expenditure, physical activity and basal metabolic rate

of elderly subjects. Br J Nutr 1995; 73:571-8 .
• Roberts SB et al. What are the dietary energy needs of elderly adults. Int J Obes 1992;

16:969-74.
• Rural Chile 2000. TEE study of elderly subjects from a rural community Chile.
• Preliminary results. TEE in rural elderly subjects of Cuba, Chile and Mexico 2000.
• BLACK, A.E. COWARD, W.A., COLE, T.J., PRENTICE, A., Human Energy

Expenditure in affluent societies: an analysis of 574 double-labelled water
measurements. Eur. J. Clin. Nutr. 50 1996) 72-92.
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Abstract

We studied cardiovascular riskjactors in 30 to 50 year old Indian men in three geographical locations
(rural, urban slums and urban middle class) in relation to their body fat. A total of 1222 subjects,
selected by stratified random sampling were screened: 39 reported diabetic or hypertensive. Of the
remaining subjects 600 were randomly selectedforfurther testing. This is a report 441 men studied 149
rural, 142 slums, 150 urban middle class) The mean age of these men was 38 y rural, 38 y urban slums,
41 y urban middle class, mean BMI 2 .0 kglm� 22.3 kg/m-' and 24.3 kglm2 respectively, mean body fat
percent by bio-impedance 20.4016, 22.5% and 30.4% and by Deuterated water was 19.9yo, 21.6% and
2 7.2% respectively. A 75 g oral glucose tolerance test (WHO 1985) showed no diabetes in rural subjects,
while 4 urban slum dwellers and IO in urban middle class were diabetic; 9 rural men had GT,
compared to 12% in urban slums and 20 in urban middle class. Hypertension (blood pressure >
140190 mm Bg) was present in 2 rural men, 4 in urban slums and in IO% men in urban middle class.
Mean plasma cholesterol concentration was 148 mg% in rural, 53 mg% in urban slums and 64 mg% in
urban middle class, mean plasma triglyceride concentrations were 82 g%, 95 mg% and 08 mg%
respectively. All cardiovascular riskjactors were strongly related to measures of obesity bodyfat % and
waist hip ratio). On multivariate analysis 2h plasma glucose (OGTT) concentration and bloodpressure
were additionally related to geographical location (urban middle class>slums>rural). Our results
suggest that urbanisation increases the risk of glucose intolerance and hypertension independent of the
bodyfatpercent or its central distribution. This suggests there may he additional environmentalfactors
in the urban environment increasing the risk ofdYabetes over and above the effect of bodyfat.

1. INTRODUCTION

India is experiencing an epidemic of Type 2 diabetes and Coronary Heart Disease CHD)
among its young adult and middle aged population. It is projected that by the year 2020 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. With increasing age of the population
and rapidly increasing urbanisation the insulin resistance syndrome (IRS) will become a
major health problem and socioeconomic burden in India. The cause of this 'epidemic' is not
clear but the major contributors to this are postulated to be the urban life style as well as high
genetic susceptibility of the population. Both could contribute to increased body fat percent
and central adiposity, the main determinants of both diabetes and CHD.

The present study investigates the relationship between body fat percent and its distribution in
Indian men 30-50 yrs) in 3 geographic locations (rural, urban slum and urban middle class)
in relation to different components of IRS.
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2. RESEARCH DESIGN AND METHODS

We aimed to study 150 men each 30 - 0 years of age) from 3 different geographical
locations: rural, urban slums and urban middle class, selected by multi stage random
sampling.

3. POPULATION SAA1PLING

The KEM Hospital and Research Centre is a tertiary care centre with a rural outreach
programme in surrounding villages. We selected one geographical area in the vicinity of the
Vadu Rural Health Centre, approximately 50 kms from the city of Pune. Out of the 6 villages
where we had conducted an elaborate community based study of maternal nutrition and fetal
growth we selected 2 villages by random number method. The villages comprise of hamlets,
which were listed, and hamlets each were selected from the two villages by random number
method. A house-to-house survey was done in these hamlets to create a list of all men
between the ages of 30 and 50 years from which the proposed number was selected by a
random program.

The city of Pune is divided into 124 administrative wards. Four wards were selected using
random number tables, two representing subjects living in the slums and two for studying
mlddle class subjects. A total of more than I 00 houses were surveyed. A list of eligible men
who were willing to enrol in the study was created from which the required numbers of
subjects were randomly selected.

4. MEASUREMENTS

4.1. Anthropometry

Height was measured using a stadiometer (CMS Instruments, London), and weight using
portable Soehnle scales. Biceps, triceps, subscapular and suprailiac skinfold thicknesses were
measured on the left side of the body using Harpenden skinfold callipers (CMS nstruments).
Head, mid-upper-arm. circumference (NIUAC), waist and hip circumference were measured
using standard measuring tape. Fat mass was calculated from the sum of four skinfold
thicknesses using Durnin's formula (4.95/density)-4.5) 100, where density = 1.1599 -
(0.0717 X logio sum of four skinfolds). Body fat percent was also calculated using
Bioimpedance values, deuterated water method (D20) and Dual Energy X-ray
Absorptiometry (DEXA).

4.2. Laboratory methods

75gm OGTT (WHO 1985) was performed; fasting, 30 mins and 120 mins samples were
collected. Plasma glucose, cholesterol, triglycerides and HDL-cholesterol were measured
using standard enzymatic methods on an automated random access analyser. Plasma leptin
was measured using a radio immunoassay kit.

4.3. Statistical methods

Data is represented by means and standard deviations unless otherwise mentioned. Variables
having skewed distributions have been log transformed to satisfy assumptions of normality.
The comparisons across geographical locations have been made using ANOVA (Analysis of
Variance).
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5. RESULTS AND DISCUSSION

Table I summarises the basic characteristics of the study subjects in the three geographic
locations. There was no significant difference in the age of these men, urban subjects were
more obese than the rural subjects, urban middle class being the most obese. This reflected in
their BNH, skinfold thickness and the measures of central adiposity.

5.1. Body fat measurements

These were measured by anthropornetry, bioimpedance, D20 dilution and DEXA. Table 2
surnmarises the mean body fat in men from the three geographic locations. Body fat percent
progressively increased from rural to urban slums to urban middle class men. There was a
highly significant correlation between body fat obtained by different methods but the actual
value obtained varied between the methods. Anthropometry and D20 measurements
correlated the best. Bioimpedance showed the highest values while DEXA showed the lowest
values (Table 3.

5.2. Glucose intolerance, hypertension and dyslipidemias

Table 4 shows the prevalence of hyperglycemia (impaired glucose tolerance (IGT) and
diabetes) in the three populations studied. There was no diabetic person in the rural, 4% in the
urban slums and 10% in the urban middle class. The prevalence of IGT similarly increased
from 9 to 15% and 20% respectively. Hypertension showed a similar progressive rise in its
prevalence. Serum cholesterol and triglyceride concentrations also showed a progressive rise
in the three populations.

Table summarises the multivariate associations of different cardiovascular risk factors in
three populations studied. Besides geographic location, total body fat percent was the highest
contributor to the variance while measures of central adiposity (waist circumference or WFIR)
made a relatively small contribution.

6. SUMMARY

• Body fat percent and central adiposity significantly increased from rural to the urban
middle class men through the urban slum dwellers.

• There was a close relationship between anthropometric and D20 measurement of body
fat.

• Increased body fat percent predicted increased insulin resistance and other cardio vascular
risk factors.

• Central adiposity (Waist fip ratio and Subscapular -Tricep ratio) made a significant but
relatively smaller contribution to this risk compared to body fat percent.

7. CONCLUSIONS
Urbanization increases body fat percent and central adiposity. Together these factors make a
major contribution to the rise in the prevalence of Insulin Resistance Syndrome. Body fat and
its distribution do not account for all the geographic difference. Other environmental factors
may also contribute to the rising prevalence of Insulin Resistance Syndrome in India.
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TABLE 1: ANTHROPOMETRIC CHARACTERISTICS

Rural Urban Slums Urban
(149) (142) (150)

Age (yrs) 38 5.9) 38 5.9) 41 5.9)

Height (cm) 165.0 5.6) 163.4 6.5) 166.2 6.8)

Weight (Kg) 57.4 8.4) 59.8 12.5) 67.3 12.1)

BNH K g/M2) 21.0 2.8) 22.3 4.1) 24.3 3.9)

Head irc; (cm) 54.1 22) 54.6 1.7) 55.6 1.6)

Mid arm circ (cm) 26.3 2.4) 27.4 3.5) 28.9 3.2)

Waist circ (cm) 79.4 9.1) 83.7 14.1) 90.4 10.2)

Hip circ (cm) 88.1 56) 90.9 7.9) 96.0 7.6)

WHR 0.89(0.06) 0.92(0.09) 0.94(0.09)

Biceps (mm)* 4.1 21-15.4) 5.1 20-18.1) 6.9 2.2-24.1)

Triceps (mm)* 7.9 3.2-26.5) 9.0 3.4-31.6) 13.1 33-40.0)

Subscapular (mm) 12.4 5.1-40.0) 15.9 4.8-48.6) 22.5 8.0-46.4)

Suprailiac (mm) 15.8 9.7) 18.7 (10.8) 26.6 9.5)

SS/TR* 1.5(0.6-3.7) 1.8(0.9-3.2) 1.7(0.6-4.2)

Mean (SD), Geometric mean, Range
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TABLE 2 BODY FAT ITS DISTREBUTION

Rural Urban Slums Urban
% Body fat

Anthropornetry 19.6 (5.8) 21.8 6.6) 27.4 5.3)
D20 19.9 6.2) 21.6 6.9) 27.2 7.1)
Bioirnpedance 20.4 10.2) 22.5 10.9) 30.4 (8.1)
DEXA 16.9(6.5) 17.9(7.6) 24.9(5.9)

Leptin (ng/ml)* 1.8 0.2 - 22.0) 3.9 0.1-42.0) 7.6 (0.5-50.0)

Mean (SD)
* Geometric mean, Range

TABLE 3 CORRELATION BETWEEN BODY FAT MEASUREMENTS BY DIFFERENT
TECHNIQUES

% Body Fat % Body Fat % Body Fat DEXA Leptin
Anthropometry D20 Bioimpedance

Body Fat
Anthropometry 1 0.80** 0.84** 0.87** 0.72**

-D20 0.80** 1 0.81** 0.89** 0.64**
Bioimpedance 0.84** 0.82** 1 0.86** 0.70**
DEXA 0.87** 0.89** 0.86** 1 0.69**
Leptin (ng/ml)* 0.72** 0.64** 0.70** 0.69** 1

*P<0.05, **P<0.01, ***P<0.001
Values represent , (spearman correlation coefficient)
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TABLE 4 PREVALENCE OF INSULIN RESISTANCE SYNDROME

Outcome Rural Urban Slums Urban
( 9 (142) (150)

IGT 9 12 20
DM 0 4 10

Hypertension (�:140/90 mHg) 2 4 10

Cholesterol
Total �� 200 mg% 3.4 8.7 14.8
HDL:!� 35 mg% 44.6 48.4 52.1

Triglycerides-,�� 15 m% 6.1 19.8

TABLE 5: DETERM[INANTS OF INSULIN RESISTANCE SYNDROME VARIABLES

2h glucose Syst BP Cholesterol Triglyceride
Location 9.1** 3.86 ns 4.7 ns 5.1 ns

Age(yrs) 1.2 ns 0.08* 0.3 ns 0.2 ns

% Body fat 6.4*** 7.70*** 11.5*** 13.5 ***

W% 16.7 12.64 16.5 19.6

Location 9.1** 3.86 ns 4.7 ns 5.1 ns

Age(yrs) 1.2 ns 0.01 * 0.4 ns 0.2*

% Body fat 6.4*** 8.77*** 11.4*** 13.9***

WHR 1.3* 0.56 ns 0.3 ns 2.2**

W% 18.0 13.2 16.8 21.4

Location 9.1* 3.86 ns 4.7 ns 5.1 ns

Age(yrs) 1.2 ns 0.01 * 0.4 ns 0.2 ns

% Body fat 6.4*** 8.77*** 11.4*** 13.9***

SSTR 1.9** 0.06 ns 0.0 ns 1.3**

W% 18.5 12.7 16.5 20.5

Figures in table indicate percent contribution to R2 values.
* p<0.0,** p<0.01, *** p<0.001, ns: Not significant
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Abstract

There is a gradient of diabetes prevalence among populations of the African Diaspora, with a rate of
about I% in West Africa, 12% in Jamaica and 16% in the United States. A population-based survey was
conducted in an urban community in Jamaica to document the riskjactorsfor the evolution of impaired
glucose tolerance to frank diabetes. In a sample of 614 adults, 239 men and 3 75 women, oral glucose
tolerance tests and examinations were conducted at Baseline and after 4-years ofFollow- Up. There were
significant increases in virtually all weight and adiposity variables for both men and women. Ener�y
expenditure -was also measured in a subset ofparticipants at Follow- Up and was related significantly to
glucose tolerance status. Among men, baseline age, weight, fat mass, body fat, waist circumference,
and change in waist circumference were predictive ofworsening glucose tolerance status. Among women,
only age and change in waist circumference was a significant predictor. No physical activity parameter
was predictive of change in tolerance status. These results provide support for the need to decrease
adiposity as an important mechanism to control the rise in diabetes prevalence.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT.

1.1 Specific Aims

The igration 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, living in subsistence agriculture environments, contrast
sharply with populations in Jamaica where the nutrition and epiderniologic transitions have
been accelerating for the past three decades. Affican-origin populations in the United States
currently live under the most westernized 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 decrease physical activity (1).
Indeed, the observed prevalences of hypertension and diabetes rise steeply across the
Diaspora: hypertension prevalence in Nigeria 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 from rural to urban West Africa, to the Caribbean, and ultimately to
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the United States. Limited measurements of physical activity 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 energy expenditure (REE) is constant in ancestral and migrant
populations, and energy expenditure on physical activity declines as adiposity increases 2).
However, the relationship of these changes to glucose intolerance is not known.

Obesity appears to be a determinant of glucose intolerance in its own right, but 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 the rate of appearance of obesity. The assessment of
obesity cross-sectionally conceals the rates at which changes in body composition occur, 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 level of obesity.

In this proposal we seek to measure the energy expended on activity, the rate of weigh change
and change 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.

• Determine whether risk of incident diabetes and impaired glucose tolerance is related to
physical activity in two populations of the African Diaspora with widely different levels
of obesity. (Please refer to report by Dr. A. Adeyemo for Nigerian component.)

• 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:

• Measured body composition using bioelectrical impedance analysis (BIA), validated using
deuterium oxide dilution, and anthropometrics at baseline and after 4 years (Follow-up) in
a population-based sample of 614 individuals, determine glucose tolerance status at both
examinations, and relate these variables to glucose tolerance.

• Measured the components of the energy budget, REE, total energy expenditure (TEE) and
physical activity (AEE) at baseline in a subset of 140 individuals.

• Determined the relationship between REE, TEE, and AEE, on glucose tolerance and
defined these relationships with the context of the ranking of weight, adiposity, and at-
ftee mass (FFM).

• Determined the rate of change in glucose tolerance status and measure the change in
anthropometrics and body composition variables after a mean follow-up period of four
years and relate these changes to the evolution from impaired glucose tolerance to frank
diabetes.
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2. METHODS

2.1. Sampling Procedure

An initial population-based survey was begun in 1993 using a cluster sampling method
(probability proportionate to size), approximately 2500 individuals were recruited. The
participation rate of this Baseline survey was 60%. In 1997, the Follow-Up survey was
initiated. This consisted of re-contacting as many of the Baseline survey participants as
possible. To date (June 2001), the re-contact rate is 80%. For the present analyses, only those
participants who were enrolled in both the Baseline and Follow-Up surveys and who
underwent a oral glucose tolerance test at both time points were included.

2.2. Measurements

2.2. I. Anthropometry

Weight, height, and waist and hip circumferences were measured with an established protocol
(3,4). Weight was measured to the nearest 0 I kg utilizing a calibrated electronic digital scale;
standing height was measured without shoes to the nearest 0. 1 cm. For both waist and hip
circumferences, the measurement was repeated. If the two measurements differed by more
than 0.5cm, a third measurement was made. All measurements were made with the examiners
blinded to glucose tolerance status.

2.2.2. Body Composition

BIA was used to estimate body composition. BIA measures the impedance to the flow of an
applied low alternating current body tissues; it is undetectable by the participant. Impedance
is a function of two components, the resistance of tissues plus the reactance which is due to
the capacitance of cells. The measured impedance of body tissues provides an estimate of
total body water from which FFM and fat mass (FM) can be calculated 5,60).

Participants were measured in the standing position with limbs abducted. Current-supplying
electrodes were placed on the dorsal surfaces of the right hand and foot at the metacarpals and
metatarsals, respectively. Electrodes for the detection of the current were placed at the
pisiform prominence of the right wrist and between the medical and lateral malleoli of the
right ankle. The BIA analyzer (Model 101Q, RJL Systems, Clinton Township, NH, USA) was
attached to the electrodes and generated a current of 800 �LA at a signal frequency of 5kHz.
The instruments were calibrated every day prior to use.

The use of BIA for the estimation of body composition has been validated in our populations
using the deuterium oxide dilution method. A prediction equation has been developed for our
populations in Nigeria, Jamaica and the US 7).

2.2.3. Oral Glucose Tolerance Test

Each participant underwent an OGTT at both Baseline and Follow-Up. Blood was drawn with
the participant in the fasted state. An oral glucose load of 75g was administered. Blood was
then drawn again at 120-minutes post loading.
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Blood was separated into plasma and glucose concentration was measured using the gucose
oxidase method for both fasted and 2-hour blood samples.

Participants' glucose tolerance status was determined using the WHO standards (8): classified
as having normal glucose tolerance. if their fasting glucose concentration was <6.1 mmol/L
and their 2-hour glucose was <7.8 mmol/L classified as having impaired glucose tolerance if
their fasting glucose was >6. 1 and <7. 0 mmol/L or their 2-hour glucose concentration was >7.8
and <1 1 I mmol/L- classified as diabetic if their fasting glucose was >7.0 mmol/L or their 2-
hour glucose was A 1 I mmoJAL or a health professional had told them they had diabetes or
they were taking oral medications or insulin for diabetes.

2.3. Energy Expenditure

A subset of participants underwent measurement of REE and estimation of TEE and AEE
using a modified version of the 7-Day Activity Recall.

2.3. 1. Resting Energy Expenditure

REE was measured using respiratory gas exchange with an indirect calorimeter (DeltaTrac,
Sensor Medics, Anaheim, CA). All participants were asked to fast from 10 pm of the evening
prior to the clinic examination. Participants were positioned in a supine position on an
examination couch. Respiratory gases were collected via the closed circuit system for a
minimum of 30 minutes. 02 and C02 were continuously sampled during the procedure and
REE was calculated using the modified Weir equation 9).

The indirect calorimeter was calibrated with standard gases prior to each REE measurement.
Every two weeks an alcohol bum test was done to calibrate the flow rate of the gases through
the instrument. The within -person CV for this method is about 2 in our laboratory.

2.3.2. Total Energy Expenditure and Activity Expenditure

Each of the subset of participants for who REE was measured, TEE and AEE were estimated
using a modified version of the 7-Day Activity Recall (10). The participants were asked to
describe their activities of the previous week in detail, type of activity, frequency and
duration. Each activity was assigned a metabolic equivalent value MET), including sleep and
television watching (I 1). Daily TEE was calculated from the 7-Day Activity Recall. AEE was
calculated as the difference between TEE and REE. To adjust physical activity expenditure
for body size, AEE was expressed as both AE kg body weight and as physical activity level
(PAL) which represents the ratio of TEE / REE.

In a very small subset (N = I ) TEE and AEE were measured using the doubly labeled water
(DLW) method. This methodology is described in detail elsewhere 12,13) and the specifics
of this study are as well 2 Although the TEE and AEE as measured using DW was
completed three years prior to the measurement of TEE and AEE by questionnaire, a
comparison of the results is presented here.
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3. RESULTS

3.1. Characteristics of subjects

In Table I the characteristics for all 614 participants are presented for both the Baseline and
Follow-Up surveys. In Tables 2 and 3 the men's and women's characteristics are presented.
The sample consisted of 239 men and 375 women with the mean Baseline ages 49 and 47
years, respectively. As can be observed, the mean levels of all variables, except FFM,
increased significantly between the two surveys.

Tables 4 and 6 present the prevalences of glucose tolerance status and weight categories at
Baseline and Follow-Up. At Baseline 44% of the sample was normal weight, with 30% being
overweight and 26% obese- the proportion of the sample in the overweight and obese
categories increased at Follow-Up. There was significant sexual dimorphism exhibited in the
weight categories with a far greater percentage of women in the overweight 34%) and obese
categories 36%) than the men 24% and 10%, respectively).

There was not as large a difference between the sexes in the prevalences of the glucose
tolerance status. AT Baseline, 447 participants 73%) had normal glucose tolerance, while 97
(I 6%) had impaired (IGT) and 70 (I I%) were diabetic. There was a dramatic increase in IGT
at FoHow-Up, with over 29% of the participants exhibiting poor tolerance.

3.2. Energy Expenditure

Energy expenditure variables as measured at Follow-Up presented in Table 7 There are REE
and questionnaire data on a subset of 130 participants, 52 men and 78 women. As expected
due to larger body size, men have greater TEE, REE and AEE. In addition, men's AEE values
are higher than women's after adjustment for body size (AEE kg weight and PAL).

The cross-sectional energy expenditure data by category of glucose tolerance status at
Baseline are presented in Table 8, by glucose tolerance status at Follow-Up in Table 9 Based
on a non-parametric test for trends, AEE, whether expressed in absolute value kcal/d or
adjusted for body size kcal/kg weight/d or PAL) decreased significantly as glucose tolerance
status worsened for both timepoints.

In Figures I the relationship between TEE as measured by DW and by the 7-Day Activity
Recall is illustrated. There was a strong correlation (r--0.88) between the two measures even
though TEE by DLW was measured at Baseline and by questionnaire at Follow-Up. The same
type of association (r--0.73) existed between PAL as measured using DLW and PAL using the
questionnaire. These data suggest the 7-Day Activity Recall was able to rank this subset of
participants with regard to AEE.
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3.3. Correlations between Plasma Glucose Concentrations Anthropometrics

In Tables IO and II, Pearson correlation coefficients for the relationships between plasma
glucose concentration at fasting and 2-hour post OGTT and anthropometric variables are
presented for Baseline and Follow-Up, respectively. As can be observed, the most
consistently significant associations are seen between 2-hour glucose and the measurements
of adiposity, i.e. Weight, BNH, waist, hip, FM and % body fat, as well as age.

3.4. Evolution of Glucose Tolerance Status

In Table 12 the proportions of participants in each category of change of glucose tolerance
status are presented. Only those participants who were not diabetic at Baseline are included in
these data and in the following analyses (N = 528). As can be observed, the glucose tolerance
status of a significant proportion of participants got worse over the four years between
examinations. Over 23% of the sample went from normal glucose tolerance to IGT, while 4%
each progressed from normal to frank diabetic and IGT diabetic. Approximately 5% of the
participants saw their status improve from IGT to normal, due either to initial false positives
or real improvement.

3.5. Prediction of Worsening Glucose Tolerance Status

The data were dichotomized into those participants whose glucose tolerance status worsened
between Baseline and Follow-Up (included 'From Normal to Impaired', 'From Normal to
Diabetic', and 'From Impaired to Diabetic' categories from Table 12) and those participants
whose status either remained the same of improved (included 'Remained Normal', Remained
Impaired' and 'From Impaired to Normal' categories).

In Table 13 the Baseline anthropometric characteristics for participants in these two change
categories are presented. As can be observed, those participants whose glucose tolerance
status worsened had higher mean levels of all age and adiposity-associated variables. The
results for men are presented in Table 14 and exhibit the same pattern. For women, however,
only age was significantly different between the change categories (Table 15). When change
in anthropometrics was examined (e.g. A weight), only change in waist circumference was
significantly different between those male participants whose glucose tolerance status
changed, men whose status remained the same of improved showed a 28 cm A waist while
those whose status worsened showed a 43 cm A waist (p<0.005). No difference was observed
among the women.

The predictors of worsening glucose tolerance status are presented in Table 16 A sex
difference in prediction of worsening glucose tolerance status was observed. Using logistic
regression analysis, worsening status adjusted for age was used as the outcome variable and a
variety of independent variables were tested as predictors of change. As can be observed,
obesity, defined as BNE >30, was predictive of worsening glucose tolerance status for men but
not women. This same pattern was observed for overweight (defined as BMI >25), waist
circumference (cutpoint for elevated waist >94.0 cm for men and >80.0 cm for women), fat
mass and body fat (cutpoints were defined as the sex-specific means for this population).
Each of these anthropornetric and body composition variables was significantly predictive of
worsening glucose status among men, but not women, with odds ratios ranging from 24 to
2.6. The only measurement that. was predictive of worsening status among women was change
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in waist circumference when used as a continuous variable (Table 16). For both men and
women change in waist circumference between Baseline and Follow-up was predictive.

No energy expenditure variable was predictive of change in glucose tolerance status.

4. DISCUSSION

As evidenced from this position-based survey the prevalence of both IGT and frank diabetes
increased over a four year period in an urban Jamaican populations. Most anthropometric
measurements associated with adiposity, e.g., waist circumference and body fat, are
significantly associated with glucose concentrations and with change in glucose tolerance
status particularly among men. Most consistently waist circumference and change in waist
circumference predicted worsening glucose tolerance status. Physical activity as expressed
normalized for body size, i.e., AEE/kg weight or PAL, was significantly cross-sectionally
related to glucose tolerance status but at this time we lack the power to exhibit a longitudinal
relationship with change in tolerance status. The data provide significant support for the
development of an intervention based on increasing physical activity and decreasing adiposity
to stem the rapid rise in diabetes in Jamaica.
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TABLE :
Participant Characteristics§

(N 614, mean ± SD)

Baseline Follow-Up Changet
Age (y) 47.9 ± 13.6 51.9 ± 13.6 4.0 ± 06
Weight (kg) 72.9 ± 16.4 74.7 ± 16.7 1.8 ± 61
Body Mass Index 26.8 6.2 27.5 ± 63 0.7 ± 2.3

Waist Circumference (cm) 83.4 12.3 86.1 12.8 2.9 ± 61

Hip Circumference (cm) 101.7 12.2 102.9 12.6 1.2 ± 4.5
Fat-Free Mass kg)T 49.5 9.2 49.1 8.9 -0.4 4.2

Fat Mass (kg), 24.4 ± 11.9 25.6 12.4 1.3 5.0
% Body FatT 31.7 ± 10.8 33.0 ± 10.4 1.4 6.5
Fasting Plasma Glucose (mmol/L) 5.42 ± 195 5.79 ± 266 0.38 2.36

2-Hr Plasma Glucose (mmol/L) 6.91 ± 340 8.63 ± 455 1.72 3.44
�Includes diabetics
'For aii variables, Follow-Up different from Baseline, p<0.0001
N = 187 Baseline & N = 434 Follow-Up

TABLE2:
Participant Characteristics - Men§

(N 239, mean ± SD)

Baseline Follow-Up Changet
Age (y) 49.1 ± 13.9 53.0 ± 13.9 4.0 ± .5

-Weight (kg) 71.2 ± 13.1 72.3 ± 13.2 1.3 ± 53
-Body Mass Index 24.0 4.0 24.3 4.1 0.4 ± 19
Waist Circumference (cm) 81.6 11.5 84.1 11.8 2.6 56

-Hip Circumference (cm) 96.1 7.9 96.9 7.7 0.9 38
Fat-Free Mass kg)T 55.3 8.5 54.0 7.3 -1.3 4.7
Fat Mass (kg)l 17.2 8.6 18.1 8.9 0.9 2.7

% Body FatT 22.6 7.6 24.0 8.6 1.4 6.5
Fasting Plasma Glucose (mmol/L) 5.46 ± 212 5.87 ± 259 0.41 2.17
2-Hr Plasma Glucose (mmol/L) 6.49 ± 362 8.30 ± 457 1.81 3.00
�Includes diabetics
tFor all variables, Follow-Up different from Baseline, p<0.005

69 Baseline N = 167 Follow-Up
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TABLE3:
Participant Characteristics - Women§

(N 375, mean ± SD)

Baseline Follow-up Changet
Age (y) 47.2 ± 13.3 51.2 ± 13.4 4.0 ± 07

Weight (kg) 74.0 ± 18.2 76.3 ± 8.5 2.2 ± 66
Body Mass Index 28.6 6.6 29.5 ± 616 0. ± 25
Waist Circumference (cm) 84.5 12.6 87.4 ± 13.2 3.0 ± 64
Hip Circumference (cm) 105.3 13.1 106.7 ± 13.6 1.4 ± .0
Fat-Free Mass (kg)' 46.1 7.8 45.8 ± 84 -0.4 4.2
Fat Mass (kg)' 28.7 11.6 30.4 12.0 1.7 5.0
% Body FatT 37.1 8.5 38.5 7.0 1.4 6.5

Fasting Plasma Glucose (mmol/L) 5.40 ± 183 5.75 2.71 0.36 2.47
2-Hr Plasma Glucose (mmol/L) 7.18 ± 323 8.84 4.53 1.66 3.69
�Includes diabetics
lFor all variables, Follow-Up different from Baseline, p<0.01
IN = I I Baseline N = 267 Follow-Up
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TABLE 4:
Weight Glucose Tolerance Classification at Baseline Follow-Up

(N = 614; %)

Baseline Follow-Up
Normal Weight (BNU<25) 43.5 37.6

-Overweight (BNH 25.1 - 29.9) 30.4 33.1
Obese (BMI >30 26.1 29.3
Normal Glucose Tolerance§ 72.8 53.3
Impaired Glucose Tolerance 15.8 29.3
Diabetic 11.4 17.4
�V�HO classification: normal glucose tolerance = fasting glucose, <6.1 mmol/L or 2-hr
glucose,<7.8mmol/L-impairedglucosetolerance=fastin gIucose>6.1&,7.Oinmol/Lor2-

I 9
hr glucose >7.8 <I 1 I inmol/L; diabetic = fasting glucose >7. 0 mmol/L or 2-hr glucose
>I 1 I minol/L or told by health professional were diabetic.

TABLE :
Weight Glucose Tolerance Classification at Baseline Follow-Up

Men (N = 239; %)

Baseline Follow-Up
Normal Weight (Blvfl�-25) 65.3 59.4
Overweight (BNH 25.1 - 29.9) 24.3 31.8
Obese (BNfl >30 10.4 8.8
Normal Glucose Tolerance§ 75.7 57.3
Impaired Glucose Tolerance 14.2 26.8
Diabetic 10.1 15.9
§VVHO classification: normal glucose tolerance = fasting glucose, <6.1 mmol/L or 2-hr
glucose, <7.8 mmol/L; impaired glucose tolerance = fasting glucose >6.1 &,7.0 mmol/L or 2-
hr glucose >7.8 <1 1 I mmol/L; diabetic = fasting glucose >7.0 mmol/L or 2-hr glucose
>I 1 I mmol/L or told by health professional were diabetic.

TABLE 6:
Weight & Glucose Tolerance Classification at Baseline Follow-Up

Women (N = 375; %)

Baseline Follow-Up
Normal Weight (BNU<25) 29.6 23.7
Overweight (BNfl 25.1 -_ 99) 34.4 33.9
Obese (BM >30 36.0 42.4
Normal Glucose Tolerance§ 70.9 50.7
Impaired Glucose Tolerance 16.8 20.9
Diabetic 12.3 18.4 777]
��O classification: normal glucose tolerance = fasting glucose, <6.1 mmol/L or 2-hr
glucose, <7.8 mmol/L; impaired glucose tolerance = fasting glucose >6.1 &,7.0 inmol/L or 2-
hr glucose >7.8 <1 1 I mmoIAL; diabetic = fasting glucose >7.0 mmol[L or 2-hr glucose

1 I mmol/L or told by health professional were diabetic.
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TABLE T
Energy Expenditure at Follow-Up§

(mean ± SD)

Men Women Total
(N = 52) (N = 78) (N = 130)

Total daily expenditure (kcal/d) 2275 ±520 1980 ± 475 2100 ± 15
Resting expenditure kcal/d) 1435 220 1310 ± 235 1365 ± 240
Activity expenditure kcal/d) 860 385 690 ± 305 760 350
Activity expenditure kcal/kg/d) 12.0 5.2 9.2 ± 37 10.3 4.6
Physical activity level (TDEE/REE) 1.60 0.23 1.53 ± 019 1.56 0.21
�Resting expenditure measured using indirect calorimetry, total daily activity expenditure
estimated using a 7-day physical activity recall

TABLE :
Energy Expenditure at Follow-Up§ t

By Baseline Glucose Tolerance Classification
(N 130; mean ± SD)

Normal Impaired Diabetic p
Glucose Glucose (N = 8)

Tolerance Tolerance
(N 88) (N = 24)

Total daily expenditure kcal/d) 2175 ± 15 1870 ± 420 2035 ±540 .05
Resting expenditure (kcaVd) 1370 ± 220 1290 ± 245 1420 ± 285 .86
Adjusted REETT(kcal/d) 1350 ± 15 1380 ± 10 1415 ± 160 .10
Activity expenditure kcal/d) 820 360 615 ± 250 655 ± 335 .01
Activity expenditure kcal/kg/d) 11.0 4.8 9.2 ± 35 8.4 ± 41 .01

Physical activity level (TDEE/REE) 1.60 0.22 1.49 ± 014 1.46 ± 019 .01
�Resting expenditure measured using indirect calorimetry, total daily activity expenditure
estimated using a 7-day physical activity recall.
�VVHO classification: normal glucose tolerance = fasting glucose <6.1 mmol/L or 2-hr glucose
<7.8 mmoIAL- impaired glucose tolerance = fasting glucose >6.1 <7.0 mmol/L or 2-hr
glucose >7.8 <1 1 I mmol/L; diabetic = fasting glucose >7.0 mmol/L or 2-hr glucose >1 1 I
mmol/L or told by health professional were diabetic.
Non-parametric test for trends across ordered groups.
*:REE adjusted for FFM FM, age and sex.
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TABLE 9 §
Energy Expenditure at Follow-Up

By Follow-Up Glucose Tolerance Classificationt
(N 130; mean ± SD)

Normal Impaired Diabetic p
Glucose Glucose (N = 29)

Tolerance Tolerance
(N = 8) (N = 43)

Total daily expenditure (kcal/d) 2165 ± 50 2080 ±470 2005 ±505 .17
Resting expenditure kcal/d) 1365 ± 235 1345 ± 205 1390 ± 285 .81
Adjusted REEIT(kcal/d) 1350 ± 120 1365 ± 15 1400 ± 140 .25
Activity expenditure kcal/d) 815 380 740 330 665 ± 300 .04
Activity expenditure kcal/kg/d) 11.2 5.1 10.0 4.3 8.8 ± 34 .02
Physical activity level (TDEE/REE) 1.59 0.22 1.55 0.21 1.49 ± 017 .02
�Resting expenditure measured using indirect calorimetry, total daily activity expenditure
estimated using a 7-day physical activity recall.
�VVHO classification: normal glucose tolerance = fasting glucose <6.1 rnmol/L or 2-hr glucose
<7.8 mmol/L impaired glucose tolerance = fasting glucose >6.1 <7.0 mmol/L or 2-hr
glucose >7.8 <1 1 I mmol/L; diabetic = fasting glucose >7.0 mmol/L or 2-hr glucose >1 1 I
mmol/L or told by health professional were diabetic.
Non-parametric test for trends across ordered groups.
UREE adjusted for FFM FM, age and sex.
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FIG 1: The relationship between total energy expenditure (TEE) as measured using the doubly labeled

water at Baseline and TEE by the 7-Day Activity Recall administered at Follow-Up. There is a strong

correlation between the measures (r 0. 88) suggesting that the questionnaire may be good in ranking

TEE in this population.
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FIG 2: The relationship between physical activity level (PAL) as measured using the doubly labeled

water at Baseline and PAL by the 7-Day Activity Recall administered at Follow- Up. There is a strong

correlation between the measures ( = 0. 73) suggesting that the questionnaire may be good in ranking

PAL in this population.
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TABLE 10:

Associations between Baseline Participant Characteristics Glucose Concentrations
Participants with Normal Glucose Tolerance at Baseline

Correlation Coefficient; Significance; N

Age Height Weight BMI Waist Hip Fat- Fat %
Free Mass Body

Mass Fat
Fasting 0.160 0.035 0.086 0.065 0.130 0.067 0.018 0.088 0.088
Glucose .001 .20 .002 .02 .001 .014 .65 0.03 .029

1322 1339 1340 1337 1341 1341 623 623 623
2-Hr 0.136 -0.208 0.085 0.175 0.157 0.157 -0.113 0.229 0.261

Glucose .001 .001 .002 .001 .001 .001 .005 .001 .001
1320 1339 1338 1335 1339 1341 624 624 624

Men
Fasting 0.096 0.039 0.127 0.113 0.155 0.113 0.070 0.133 0.119
Glucose .03 .36 .003 .01 .001 .01 .27 .04 .06

546 559 557 557 559 559 248 248 248
2-Hr 0.217 -0.130 0.066 0.128 0.168 0.093 -0.046 0.167 0.171

Glucose .001 .002 .12 .002 .001 .03 .47 .01 .01
544 557 555 557 557 557 247 247 247

Women
Fasting 0.212 -0.024 0.068 0.077 0.122 0.083 -0.001 0.070 0.084
Glucose .001 .50 .06 .03 .001 .02 .98 .175 .10

776 779 782 779 781 781 374 374 374
2-Hr 0.090 -0.105 0.085 0.123 0.130 0.105 0.013 0.150 0.176

Glucose .01 .003 .02 .001 .001 .003 .80 .003 .001
776 779 782 779 781 1 781 376 376 376
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TABLE I :

Associations between Follow-Up Participant Characteristics Glucose Concentrations
Participants with Normal Glucose Tolerance at Follow-Up

Correlation Coefficient; Significance; N

Fat- Fat %
Age Height Weight BMI Waist Hip Free Mass Body

Mass Fat
Fasting 0.086 -0.017 0.044 0.052 0.057 0.040 -0.060 0.062 0.088
Glucose .06 .71 .34 .27 .22 .39 .27 0.25 .029

468 471 470 468 474 474 345 1 345 623
2-Hr 0.227 -0.099 0.142 0.190 0.050 0.159 -0.061 0.179 0.214

Glucose .001 .05 .005 .001 .33 .002 .32 .003 .001
382 385 386 1 384 387 387 269 269 269

Men
Fasting 0.074 0.058 0.221 0.269 0.144 0.029 0.038 0.226 0.218
Glucose .31 .43 .002 .001 .05 .69 .65 .01 .01

191 194 193 193 195 195 140 1 140 140
2-Hr 0.247 -0.091 0.291 0.367 0.121 0.274 0.065 0.274 0.252

Glucose .002 .25 .001 .001 .13 .001 .50 .003 .01
156 160 160 160 160 160 112 112 112

Women I
Fasting 0.100 0.012 0.001 -0.002 0.034 0.028 -0.053 0.006 0.044
Glucose .10 .85 .99 .97 .57 .648 .45 .93 .53

275 275 275 273 277 277 204 1 204 204
2-Hr 0.238 -0.040 0.057 0.082 0.007 0.086 -0.012 0.060 0.102

Glucose .01 .55 .40 .23 .918 .20 .88 .454 .21
224 223 224 222 225 225 156 156 156_

TABLE 12:
Change in Glucose Tolerance Status from Baseline to Follow-Up

Participants Non-Diabetic at Baseline %; N)

Glucose Tolerance Status from Men Women Total
Baseline to Follow-Up (N = 213) (N = 315) (N = 528)
Remained Normal 58.0% 123) 53.8% 170) 55.5% 293)
Remained Impaired 5.7% 12) 9.4% 30) 8.0% 42)
From Impaired to Normal 5.2% (11) 5.1% 16) 5.1% 27)
From Normal to Impaired 24.6% 21) 23.1% 73) 23.5% 124)
From Normal to Frank Diabetic 2.8% 6 4.8% (15) 4.0% 21)
From Impaired to Frank Diabetic 5.2% 9) 3.8% 12) 4.0% 21)
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TABLE 13:
Baseline Anthropometrics by Change in Glucose Tolerance Status*

(N = 528; mean ± SD)

Remained Same or Worsened

Improved (N = 165) p
(N = 363)

Age (y) 44.8 ± 13.5 51.3 ± 12.7 .0001
Weight (kg) 70.7 ± 5.8 74.4 ± 15.9 .01
BNH 25.8 6.0 27.4 5.5 .01

Waist (cm) 80.9 11.8 85.0 12.2 .0005
Hip (cm) 100.2 11.9 103.0 11.9 .02
Fat Mass (kg) 22.2 12.1 26.5 12.8 .04

% Body Fat 29.6 11.1 33.4 10.7 .04
*Does not include participants diabetic at Baseline.

TABLE 14:
Baseline Anthropometrics by Change in Glucose Tolerance Status - Men*

(N = 213; mean ± SD)

Remained Same or Worsened

Improved (N 65) p
(N = 148)

Age (y) 45.6 ± 14.4 54.5 10.9 .0001
Weight (kg) 68.4 ± 12.0 74.7 12.9 .001
BNE 23.0 3.6 25.4 4.1 .001
Waist (cm) 78.2 10.2 86.3 11.4 .0001
Hip (cm) 94.4 7.2 98.6 7.9 .001
Fat Mass (kg) 14.3 7.8 20.1 8.6 .01
% Body Fat 20.1 7.2 25.3 7.5 .01
*Does not include participants diabetic at Baseline.

TABLE 15:
Baseline Anthropometrics by Change in Glucose Tolerance Status - Women*

(N = 315; mean ± SD)
Remained Same or Worsened

Improved (N = 00) p
(N = 215)

Age (y) 44.3 ± 12.8 49.4 ± 13.5 .002
Weight (kg) 72.2 ± 17.8 74.2 ± 1766 ns
BNH 27.7 6.5 28.8 6.5 ns

Waist (cm) 82.7 12.5 84.2 11.7 ns
Hip (cm) 104.1 13.2 106.0 13.1 ns

Fat Mass (kg) 27.2 ± 11.77 30.1 13.5 ns
% Body Fat 35.6 ± 87 38.0 9 .6 ns
*Does not include participants diabetic at Baseline.
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TABLE 16:
Predictors of Worsening Glucose Tolerance Status -

Results of Logistic Regression Analysis
Adjusted for Age*

Odds Ratio 95% Confidence p
Interval

Obesity
Men (N = 213) 2.7 1.1 - 71 .04
Women (N = 315) 1.1 0.7 - 19 .66
Overweight
Men (N = 213) 3.5 1.9 - 65 .0001
Women (N = 315) 1.5 0.9 - 25 .12
Waist Circumference
Men (N = 213) 4.6 2.0 - 10.4 .0002
Women (N = 315) 1.4 0.9 - 23 .14
Fat Mass
Men (N = 213) 3.7 1.8 - 78 .0002
Women (N = 315) 1.2 0.7 - 21 .49
% Body Fat
Men (N = 213) 2.4 1.2 - .1 .01
Women (N = 315) 1.6 0.9 - 28 .13
Change in Waist Circumference
(Continuous variable)
Men (N = 213) 1.10 1.03 - 117 04
Women (N = 315) 1.05 1.00 - .09 .04
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Abstract

Background:
Obesity, type 2 diabetes and cardiovascular disease (CVD) are a major concern in many parts of the
world. In Northern Mexico, these problems have been reported to be higher the in the rest ofthe Country.
Objective:
To assess the different risk factors based on body status (body composition, body size, fat distribution)
and lifestyle factors (diet andphysical activity) for the development of type 2 diabetes and CVD in men
and womenfrom different socioeconomic levels in north-west Mexico.
Methods:
Non probabilistic sample selection by invitation was used to recruit subjects, completing quotas by age
groups, gender and socioeconomic status. The study included 350 men and women, 20-84 years
pertaining to low and high income groupsfrom the city ofHermosillo, Sonora, Mexico. All subjects were
measuredfor body weight, height, waist and hip circumferences, skinfolds, bioimpedance analysis BL4),
systolic and diastolic lood pressure SBP, DBP). Body mass index (BMI) and -waist to hip ratio were
calculated An oral glucose tolerance test (OGYT) after a 12 hourfast was performed and blood samples
were taken for analysis of insulin, leptin, total cholesterol, HDL, LDL-cholesterol and serum
triglycerides. In 273 of the 350 subjects physical activity was studied y questionnaire. Activity was
calculated as in categories of low, medium and high intensity and expressed as hours1day with respect to
occupational and recreational activities. Physical activity level (PAL) was also calculated from the
questionnaires. Body composition was investigated in more detail by air displacement plethysmography
(densitomelpy) and by deuterium dilution in 200 subjects. Diet by 24 hour non-consecutive recalls in
another sub-group of 135 male and female subjects. Statistical analysis was performed using NCSS
statistical software using ANCOV,4 and regression procedures.
Result:
High levels of overweight BMI >25) and obesity BMI>30) were found in this population group with 65
and 23.4 of them being in these categories respectively. After adjustingfor sex and age, results showed
that subjects with anormal glucose tolerance levels had significantly higher weight (p<O 0001), BMI
(p<O 0001), waistlhip ratio (p<O 0001), % bodyfat by BL4 (p<O 0001), and systolic and diastolic blood
pressure (p<0.0001), than normal subjects. Serum triglycerides and 2 hour glucose levels were
significantly higher (p<0.0001) in subjects with overweight and central adiposity than in subjects with
overweight only. Te inverse was observed in the case ofHDL-cholesterol levels (p<0.0001). Levels of
obesity and overweight in this region are similar lo those reported in developed countries. Of the
anthropometric measurements, waist, waist1hip ratio and BMI showed the best correlation with respect to
glycaemic status, blood lipids and insulin sensitivity ISI 0,120- In terms of body composition percent body
fat by BL4 showed the best relationship to insulin sensitivity with the same index.
Conclusions.
Total bodyfat and regionalfat distribution rather than body size may be a better alternative to assess risk
levelsfor Type 2 diabetes and CVD. For population studies, this has to rely on appropriatefield methods
such as B14. However, this has to be validated by recognised methodology such as deuterium dilution,
DEYA or body density determinations that can provide the necessary information for specific predictive
equation development
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Work in Progress:
Body composition by deuterium dilution determined by IR spectroscopy and plethysmography to validate
BL4 are still in progress bt preliminary results show that either method can be used for validation
purposes. Diet and physical activity data analysis will be completed by recruiting 50 mores subjects.
Further analysis combining all possible risk indicators through multiple regression procedures are still
pending as well as HOAL4 calculations.

Take Home Message:
The anthropometric evaluation of regional fat distribution and total body fat by BL4 might be an
importantfield techniquefor type 2 diabetes and CVD risk assessment. Intervention studies that may use
thefindings in this studyfor thispopulation would be warranted

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 201 there will be an estimated 215 million cases world-wide. In older
persons, cardiovascular disease (CVD) is still the major cause of morbidity and mortality [2-

3].

Alterations in carbohydrate and lipid metabolism increase with age 4]. However, in younger
populations alterations are associated with central fat or the increase in visceral fat 5-7].

In the EURODIAB study, factors sgnificantly related to CVD prevalence were age, duration
of diabetes, serum tryglicerides, HDL cholesterol, waist/hip ratio, body mass index, and
hypertension [8]. Type 2 diabetes was associated with a two -to our- fold increase in
coronary heart disease (CHD) compared to non-diabetic populations. Conventional risk
factors such as dyslipidernia 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 oset of type 2 diabetes 9]. 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 [8].

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 10]. Diet and physical activity may play a very important role
in the prevention of the disease under these conditions [I 1 ].

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 12]. 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 13].

The National Survey on Chronic Diseases in Mexico 14] 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%, inicroalbuminuria, 11.7%, high cholesterol, 8.8%, and diabetes,

6.7%. 14]. Diabetes prevalence was 12.1% in individuals with BMI >35 compared to 38%
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for individuals with BMI < 25. In northern Mexico diabetes was 78% and was the only
region that had a higher prevalence than the national reference. The National study showed an
important association between diabetes and levels of education. Individuals with no
education, showed a higher prevalence of diabetes (I 56%) 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 Sonora a northwestern state of 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. Te explanation
for this may be that diet in this region is igh 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

Three hundred and fifty male and female adult subjects aged 20 years or older from low and
high income socioeconomic levels, provided samples for an oral glucose tolerance tests,
blood lipids, insulin and leptin determinations.

2.1. Oral Glucose Tolerance Test (OGTT).

Fasting and 2 hour glucose samples after a 75 g glucose load (Glutol; Paddock Lab Inc. MN,
USA) were analysed using the glucose oxidase method in a Beckman Glucose Analyser
System (Beckman Instruments, Inc., Fullerton, CA 92634-3100), after completing a
questionnaire on their present health status. Diagnostic criteria for impaired glucose tolerance
and diabetes was that of the American Diabetes Association (I 999) [15].

2.2. Glycated Haemoglobin (HbAle)

A total of 80 subjects, 31 with diabetes and 49 with impaired glucose tolerance were recruited
for HbAlc measurements. Both total haemoglobin and haemoglobin Alc were determined
using the DCA 2000+ (DCA 2000+ Analyzer, Bayer Corporation Elkhart, IN 46515 USA).
Total haemoglobin was determined by forming tiocyan-methemoglobin. For the measurement
of specific hemoglobin Al c an in inhibition of latex agglutination assay was used with HbAl c
specific mouse monoclonal antibodies.

Both the concentration of HbAlc specifically and the concentration of total haemoglobin are
measured, and the ratio reported as percent HbAlc.

2.3. Insulin and Insulin Resistance

Insulin was determinated by RIA with The Coat-A-count Insulin procedure 16] (Iso-Data
incorporated, 1500 Hicks Rd. Rolling Meadows, IL. 60008).
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2.4. Insulin Senstivity and Glucose Tolerance

The insulin sensitivity index (IS10,120) was used as an index whole body insulin sensitivity the
time points and 120 minutes of the OGTT according to Gutt et al 2000) 17] as a
modification of the sensibility index (SI index) published by Cederholm. and Wibell and
Wibell [ 1 8]. The formula was simplified by omitting constant terms used to convert units of
measurement, and by using only the and 120 minute glucose and insulin values obtained
from the OGTT.

The following formula is used to calculate the glucose uptake rate by peripheral tissues,
designated here as: in (mg/min)

rn = 75,000 ( Omin glucose - 120 min glucose) x 0 19 x BW)]/120 min

Where: 75,000 is the glucose load in mg- 019 x BW denotes glucose space- BW is body
weight. Zero means plasma glucose NTG), the mean of the and 120 minute glucose values
from the OGTT is used to obtain the metaboilic clearance rate (MCR) which corrects the
potential influence of differnt blood glucose concentrations on the glucose uptake rate.

MCR= mN1PG

To correct for skewness of distribution the mean serum insulin (MSI, mU/1, calculatesd as the
mean of the and 120 min insulin values, is log transformed. The SI 0120) insulin sensitivity
index is then calculated:

ISIO,120 = MCR/log NIPI

2.5. Blood Pressure

Blood pressures was measured using a mercury baumanometer (Desk model Adult Calibrated
0320, distributed by Graham-Field Inc., NY)

2.6. Lipid profile

Blood from antecubital vein was collected into tubes (Becton Dickinson V. S. SST GEL) with
clot activator. The serum was obtained by centrifugation at 1600 x g for 20 min at 4 'C CS-
6R Centrifuge Beckman, Instruments, Palo Alto, Ca) and an aliquot of serum was taken for
immediate total cholesterol an triglycerides analysis.

High density lipoprotein (HDL) cholesterol was determined after precipitation of apo B-
containing lipoprotein with sodium heparin and manganese chloride using the method of
Warnick 19]. Low-density lipoprotein was estimated using the formula established by
Freidewall 20], were very- low-density lipoprotein = triglycerides/5, and LDL-cholesterol
total cholesterol - VLDL-cholesterol + HDL-cholesterol).

Total cholesterol, lipoproteins, c-LDL, c-HDL 21] and serum tryglicerides 22]. Were
determined for all 350 subjects. Serum lipoproteins (c-LDL and c-HDL) were separated by
heparin-manganese method [ 1 9]. Quality control will be assured by sample duplication and by
using certified standard serum controls (Precinorm U; Boheringer-Mannheim, Germany).
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2.7. Anthropometry

Body weight (by electronic scale, 150+ 0.05 kg), and height T a Holtain stadiometer, 0-
210 + 0.1 cm), were used to calculate body mass index kg/m Skinfolds were measured
either at the triceps level for the 350 subjects or at 4 sites: triceps biceps, sub-scapular and
supra-iliac regions to look at fat distribution and estimation of total body fat in the body
composition study with deuterium dilution and air displacement pletismography on 200
subjects.

Waist circumference was measured in supine position using at the umbilicus level using a
fiber glass measuring tape (Lafayette Instruments Company Inc. 3700 Sagamore Parkway N)
and hip circumference was measured at the level of the most prominent part of the gluteus and
the waist/hip ratio (WHR) was determined from these measurements 23].

2.8. Body Composition

2.8. 1. Determination ofD20 Using Inftared Spectroscopy

(a) Sample preparation.

In order to separate the water and D20 of the saliva sample from other materials, the aqueous
phase was frozen at 70'C and sublimated under reduced pressure to total dryness. The
volatilised liquid was condensed in a cold trap (-25 to 30'C) immersed in a 0% ethylene-
glycol bath in our sublimation system and filtered with a Millipore membrane 0.22 pra).

(b) Measurement of deuterium.

Deuterium was measured using a Miran lFF fixed filter infrared spectrometer fitted with a 4
micron filter and a 02 mm calcium fluoride flow through-cell adapted with a temperature
controlled cell holder. For temperature control a constant temperature circulator set at 150C
was used (VVVR mod. 1150 A). The standards (gravinietrically weighed amounts of D20,

99.9 atom %, in deionised water) and sublimated samples was drawn into 25 mL syringes.
Deionised water 15 m) was used to rinse the cell after each sample. After stabilisation of
the temperature of the cell for 15 minutes, approximately I ML of each standard was
sequentially injected into the cell and the changes in absorption recorded by means of a digital
multimeter (Fluke 83 HI) serially connected to the IR-spectrometer. The samples were loaded
and measured sequentially in duplicates. A calibration curve was calculated daily and the D20

content of the samples determined from the curve after subtraction of the D20 natural
abundance level measured in the zero standard (deionised water or basal saliva samples) 24].

(c) 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 L of tap water was used to rinse the cup and mouth of D20 ingested.
Saliva samples were taken after 4 h and the D20 concentration was determined by the infrared
spectroscopy method using sublimated samples. Calculation of total body water was done
according to the Schoeller et al. (I 980) reported i 24].
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2.9. Air Displacement Plethysmography, BOD-POD (BP)

2.9. 1. Body Composition by Air Displacement Plethysmography

Studies of this technique has been reported by various authors 25-27]. They indicated that
further work is needed to establish the precision and accuracy of this technique across the
range of potential subjects. Body density was measured using a new air displacement
plethysmography BOD-POD Body Composition System, Life Measurement Instruments,
Concord CA). The BOD-POD has a single structure containing two chambers. A volume
perturbation device situated between the two chambers, electronically controlled by a servo
system, produces pressure fluctuations in both chambers which are used to assess the total
body volume. The system has been previously described in detail 28]. The subject was
weighed on a calibrated scale to a resolution of 0.5 kg. A two point calibration was then
performed at baseline, with the chamber empty and using 50 liters as the calibration for the
cylinder. With this data a regression equation that relates volume to ratio of the pressure in the
two chambers was developed.

The subject entered the chamber in a tight swimming suit and cap and sat down for the
volume measurements. Surface area was automatically computed and was used to correct for
the apparent negative volume caused by the isothermal effects related to skin surface area.
Thoracic gas volume (including the lung air volume and any air which may be trapped in the
thorax) was also measured. This technique is similar to the plethysmographic measurement of
thoracic gas volume used in pulmonary function testing 28]. For male subjects, body density
was used in Siri's equation[29] to determine body fat and fat free mass (FFM) based on a two
compartment model. In the case of females subjects, Siri's equation modified by Goran et al.
was used 30]

Two hundred men and women, 24-70 y of northern Mexico, were measured for body density
by ADP (Bod-Pod), and for total body water by deuterium dilution. Subjects were dosed with
30 g deuterium oxide. A subsample of 34 subjects measured by this technique for body
composition was compared to that obtained by deuterium.

2.10. Bioelectrical Impedance Analysis

Bioelectrical impedance was measured with a bioelectrical impedance analyzer (Model BIA-
101, RL Systems Detroit, Mich., USA). Volunteers were instructed to lie flat with their
hands on their side and with their legs separated, placing electrodes on the subjects to measure
resistance and reactance as recommended by the manufacturer. The system was calibrated
periodically with a 00 ohm resistor and measurements were continued as long as the
instrument readings remained within 2 ohm of the calibrated resistor.

2.11. Dietary Studies.

Distribution of energy intake and its relation to fat, protein, carbohydrates and alcohol were
assessed by the 24 hour dietary recall method on three separate occasions throughout a one
year period in 135 of the 350 subjects in the complete study subjects. Nutrients analysis was
done using a computer program developed at CIAD A. C. 3 and national food composition
tables 321 as well as other sources 33].

128



2.12. Physical activity by questionnaire

Physical activity was 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
[34] adapted from Kriska et al (1085) 35]. Both leisure and occupational activities were
measured. The assessment of occupational activity was based on specific activities rather than
on job title alone because of potential problems (such as regional or seasonal variation in jobs.
Leisure activities were investigated based on specific sport and other non occupational
activities for this population. Results are expressed weekly representative of the past year as
hours/week and divided into low, moderate and hard intesity categories. Physical activity
level was also expressed as PAL or multiples of BMR 36].

3. RESULTS

3.1. Risk factors for CVD in Adult male and female subjects

The physical and metabolic characteristics of the sample are presented in Table 1 No
significant differences were found between men and women with respect to age, BMI and hip
circumference. Waist circumference was significantly higher in men than in women. However
triceps skinfold and percent body fat from triceps and from BIA were significantly higher in
women than in men. SBP, DBP, cholesterol, VDL-cholesterol and triglycerides were
significantly higher in men than in women, and HDL-cholesterol was higher in women. There
were no significant differences in fasting glucose levels or 2 hour glucose after the OGTT.
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TABLE 1. PHYSICAL AND METABOLIC CHARACTERISTICS OF SUBJECTS

Source F male (n=188) Ma e (n=162)
Mean SD Range Mean SD Range P

Age, y 44.9 16 ( 1-85) 46.7 12.9 (21-84) NS
Weight, kg 68.1 12.9 (39.5-110) 81.04 15.4 (48.5-142) < 0.0001
Height, cm 158.6 6.2 (142-174) 172.2 6.2 (157-194) < 0.0001
BM[I. Kg/m2 27.0 4.9 (16.7-44.8) 27.3 4.6 (17.6-44) NS
Waist, cm 83.9 11.4 (60-129) 93.6 12 (57-127) < 0.0001
Hip, cm 102.7 9.7 (81-136) 100.8 8.5 (83-139) NS
Waist/hip 0.82 0.07 0.64-1.15 0.93 0.07 0.66-1.09 <0.0001
Triceps, mm 23.7 6.4 7.1-38.8 14.8 6.5 (4.4-38.1) < 0.0001
Fat, by triceps SKF, % 35.4 5.31 (19.5-46) 27.4 6.1 12.1-46) < 0.0001
Fat BIA, % 35 6.9 (13-50) 25.5 65 (8-44) < 0.0001
SBP, mmHg 116.7 21.9 (71-199) 126.2 16.6 (95-195) < 0.0001
DBP, mHg 70.7 8.9 (54-105) 78.2 10 (56-110) < 0.0001
Cholestero? mg/dL 182.6 38.4 (92-311) 189 35 (113-287) < 004

HDL- 45.8 1 1 (18.3-87.5) 39.6 9.1 (241-79) <0.0001
Cholesterol*mg/dL
LDL-Cholest* mg/dL 109 31.6 (26.2-231) 112 3 (38-202) NS

VILDL-Cholesterol* 27.2 14.8 (6.4-98.1) 34.9 17.7 (9.4-98.9) <0.0001
rng/dL
Triaglycerols* mg/dL 136 74.1 (32.3-490) 187 116 (46.7-722) <0.0001
Fating Glucose* rng/dL 93.5 27 '5 (67-310) 94.2 27 (63-297) NS
2 hour Glucose* mg/dL 123 70.9 (49-499) 122 66 (46-523) NS
* Geometric means. BM, body mass index; WER, SKF, skinfold thickness, BIA, bioimpedance
analysis and triceps skinflod using Durnin and Womersley's equations. SBP, systolic blood
pressure, DBP, diastolic blood pressure.
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Table 2 presents the risk indicators in subjects with normal and impaired glucose tolerance.
Of the 350 subjects 0 showed abnormal glucose values, after an oral glucose tolerance test
(OGTT) with ADA criteria [15]- 49 had impaired glucose tolerance and 31 had diabetes.
Subjects with abnormal glucose values had significantly higher weight, larger waist/hip ratio,
higher percent body fat, and highersystolic and diastolic blood pressure than normal subjects
after adjusting for sex and age.

TABLE 2 ANTHROPOMETRIC AND BLOOD PRESSURE VALUES AS RISK
FACTORS FOR CARDIOVASCULAR DISEASE IN SUBJECTS WITH NORMAL AND
ABNORMAL GLUCOSE LEVELS.

Glucose status
Normal (n = 270) Abnormal (n = 0) P

Body weight, kg 71.4 0.8 83.4 + 1.5 <0.0001
Body mass index, kg/i�� 26.2 03 30.4 + 0.5 <0. 00 I
Waist, cm 85.9 1.5 97.1 12 <0. 00 I
Waist/hip 0.86 0.0 0.90 0.0 <0. 00 I

-Body fat, BIA, % 29.4 04 34.9 07 <0.0001
SBP, mm Hg 119.1 09 127.7 + 0.8 <0.0001
DBP, mm Hg 73.1+ 06 77.9 + 1.0 <0.0001
Mean SEM (adjusted for age and gender) Abnormal Glucose: 49 with impaired glucose tolerance
and 31 with diabetes. SBP, systolic blood pressure, DBP, diastolic blood pressure, BIA,
bioimpedance analysis.

Table 3 shows the individual correlations between age, body weight, BNE, waist, hip, WHR
triceps skinfold, percent fat from skinfold, and percent fat from BIA versus fasting glucose
and insulin, 2 h glucose and insulin levels and the insulin sensitivity index (ISI 0120) ftom the
oral glucose tolerance test (OGTT), lipid profile and blood presure as indicates of diabetes in
cardiovascular disease. Age correlated with fasting and 2 h glucose, SBP and DBP but not
with blood lipids. Body weight, 131�11, waist and waist/hip ratioshowed significant positive
associations with fasting glucose, 2 hr glucose, SBP, DBP blood lipids except wh HDL
which showed an inverse relationship. Hip circumference showed the same pattern, but with
lower r's and significance levels. The body composition indexes, triceps skinfold, percent fat
from triceps skinfold and percent fat by BIA showed associations only with fastig glucose, 2 h
glucose. Insulin sensitivity, IS10,120, correlated significantly with age, all anthropometric
variables and percent body fat by BIA. However, the strongest correlations were with the
anthropoinetric indices of central adiposity, waist/hip ratio and waist by itself (Table III)
Except for a correlation of percent fat from triceps skinfold the rest of the correlations with
blood lipids, SBPO and DBP were low and non significant.
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TABLE 3 CORRELATION MATRIX OF AGE, ANTHROPOMETRY, BODY
COMPOSITION AND RISK FACTORS FOR DIABETES AND CARDIOVASCULAR
DISEASE

Fat Fat 
Age Weight BMI Waist Hip WHR Tricep Tricep by

sSFT s SFT BL4,
Fasting glucose 0.25 0.17 0.21 0.20 0.12 0.25 0.09 0.20 0.13
2 h glucose 0.38 0.18 0.29 0.34 0.16 0.33 0.17 0.28 0.15
Fasting insulin 0.20 0.13 0.22 0.22 1 0.13 0.17 0.13 0.16 0.16
2h insulin 0.17 0.05 0.15 0.21 0.07 0.20 0.13 0.12 1 0.14
ISI 0, 120 -0.33 -0.17 -0.31 -0.37 -0.19 -0.33 0.18 -0.25 -0.22
Cholesterol 0.10 0.21 0.20 0.26 0.20 0.19 0.10 0.14 0.09
HDL-Cholesterol -0.06 -0.30 -0.24 -0.33 -0.13 -0.34 0.0 0.02 0.02
LDL-Cholesterol 0.06 0.16 0.16 0.19 0.17 0.12 0.06 0.09 0.10
VLDL-Cholesterol 0.0 0.32 0.29 0.40 0.21 0.38 0.09 0.12 0.03
Triglycerides 0.14 0.32 0.31 0.40 0.19 0.38 0.09 0.09 0.01
SBP 0.62 0.27 0.38 0.49 0.11 0.58 0.12 0.06 0.01
DBP 0.62 0.44 0.28 0.51 0.24 0.50 1 0.09 0.0 0.0
BMI, body mass index; NVHR, waist-hip ratio- SKF, skinfold thickness, BIA, bioimpedance analysis and
triceps skinfold using Durnin and Womersley's equations. SBP, systolic blood pressure, DBP, diastolic
blood pressure. Insulin sensitivy, ISI 1120, correlated significantly with age, all anthropometric variables
and recent body fat by BIA. However, the strongest correlations were with the anthropometric indices of
central adiposity, waist/hip ratio and waist by itself R values. R values >0 I I are p<O. 05 r values > 0 13
are p< 0.02- r values >0. 15 are 0.0 1; r values >0.20 are p <0.0000 .

Serum triglycerides, HDL-Cholesterol and 2 hour glucose levels adjusted by age and sex were
analysed in individuals classified as obese by BMI >25, and by percent body fat, >25 in men
and >30 in women. Central adiposity was defined by waist/hip ratio, >0.85 in women and
>1.0 in men. Serum triglycerides were highest in the high body fat group with central
adiposity than in low adiposity and normal subjects (p<0.0001). The same tendency was
observed when BMI was -used, although no differences were observed between low and high
central adiposity groups (Figures I A and I 13).

The same behavior was observed with respect to HDL-Cholesterol, only in an inverse fashion
(Figures 2 A and 2 B).

Two hour glucose levels using both BMI or percent body fat and central adiposity showed
that the groups with high adiposity had significantly higher 2 hours glucose levels than those
with low adiposity or normal (p<0.0001) (Figure 3 A and 3 B).

Insulin sensitivity adjusted by age and sex from the ISOO,120 was higher in the normal group
than in subjects with impaired glucose tolerance and diabetes (p<0.001). Also, insulin
sensitivity was lower in the high central adiposity group than in the low central adiposity and
normal weight groups (Table 4.

A group of subjects with diabetes and IGT where followed-up after at least 1.5 years and
compared to a normoglycemic group using glycated hemoglobin, H Aic, as an index. An
analysis was also done by obesity groups (Table 4 The HCA group had the highest Hb Alc

132



level followed by the LCA and normal groups but did not reach significance (p=0.057),
HbAlc was different by glycemic status (p<0.0001) where the normal roup was the lowest
followed by the IGT and diabetes groups respectively (Table 4.
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TABLE 4 NSULIN, GLUCOSE, HBic AND INSULIN SENSITIVITY IN S13GROUPS
BY OBESITY AND GLYCAENHC STATUS (SEM)'
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A. Tryglicerides (mg/dL) B. Tryglicerides (mg/dL)
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*Means adjusted for sex and age Means adjusted for sex and age.
Log transformed data Log transformed data

Tat by BIA

Figures IA and B. Serum tryglicerides levels in normal and obese
and obese subjects in relation to central adiposity (n 350)
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Figure2A y 2B. Serum HIDL-cholesterol levels in non-obese and
obese subjects in relation to central adiposity (n= 350)
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A. Two hour glucose levels (mg/dL) B. Two hour glucose levels )mg/dL)
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Figure 3A and 313. Two hour glucose levels in men and women (n=350).
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3.2. Body Composition.

Preliminary results on 34 subjects 13 men and 21 women) were used to test the accuracy of
the body fat estimates for the IRS deuterium dilution technique (IRS-DD) and was analysed
by regression of FM by the ADP system against FM by IRS-DD method. The relationship
between the FM by the two methods did not differ significantly from the line of identity- 5
neither the intercept 0.071), deviated form zero (p=0.96) and the slope was 096 (P<10-6)

showing methods to be equivalent. Further, mean FM was 26.7 12.4 and 25.6 12.4 kg, for
IRS-DD and ADP techniques respectively (p>0.05). Bland and Altman analysis to examine
the discrepancy between the techniques as a function FM showed no significant bias as
determined by the two methods (r = 0017; p= 093). Mean difference between methods was
1. 08 (CL -0 13 to 23) kg FM. Precision was examined by the model R and the standard error
of the estimate, regressing FM by IRS-DD on FM by ADP. The IRS-DD technique showed
that 92.3% of the variability was explained, however the standard error of the estimate was
3.4 kg. Increase in number of subjects might prove to improve this. IRS-DD has a good
potential for body composition studies under limited resources.
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3.3. Dietary studies

Diet of the evaluated individuals showed to be varied, with a considerable supply of total and
saturated fat. Added fat was also a concern among this population and main suppliers of
cholesterol were eggs and whole milk. Diet was also rich in soft drinks and sugar.

According to the above, mean consumption of energy was 2155 ± 758 kcal. Mean energy

from macronutrients (protein, total and saturated fat, and carbohydrates) were 14.9 ± 26, 33.5

± 60, 12.1 ± 26 and 52.5 ± 73, respectively. Dietary risk factors are then present in this
population, since mean total and saturated fat are above the recommended values for a healthy
diet. When consumption distributions are analyzed, 73% and 79% of the total sample had
high consumption of energy from total and saturated fat, if 3 % and IO% are set as a goal.

3.4. Physical activity

Physical activity was evaluated in 273 subjects by questionnaire and divided in to
occupational and recreational categories expressed in hours/day and as PAL or multiples of
BMR (Table 5). Total occupational activity hours were significantly higher in the low income
group, and the high income group showed less hours dedicated to medium and high intensity
activities and more to low intensity activity. In the case of recreational activities, the behavior
was opposite. The high income group had a significantly higher number of total recreational
hours, and higher number of low intensity activity. Most of the occupational and recreational

activity hours did not show differences with respect to gender in each socioeconomic level.

Physical activity level or PAL was 160+0.016 in the low income group and 148 0.013 in
the high income group (p<0.0001). In the low income group men were more active than
women, with a PAL of 166+0.02 compared to 152 0.03respectively (p<0.001). There were
no differences in PAL between men and women in the high income group, where both groups
had a PAL of 148.

138



TABLE 5: PHYSICAL ACTIVITY LEVEL, AND OCCUPATIONAL AND
RECREATIONAL ACTIVITIES BY SOCIOECONONHC LEVEL IN MEXICAN ADULT
MEN AND WOMF-N.

Low income gh income p

Men Women Men Women p (SEL)(gender)
Occupational Activities,
hours/day
Low 3.10+ 034 3.16+0.37 NS 5.51+0.31 6.05+0.26 NS <0.00001
Medium 2.17+0.19 2.37+0.21 NS 1.22+0.18 1.38+0.15 NS <0.00001
High 0.77+0.08 0.07+0.07 <0.00001 0.02+0.09 0.004+0.00 <0.0001 <0.00001
Total 5.96+0.35 5.57+0.38 NS 6.82+0.32 7.43+0.27 NS <0.00001
occupational I
Recreational activities,
hours/day
Low 1.13+0.15 1.29+0.16 NS 1.61+0.14 1.55+0.12 NS <0.02
Medium 0.35+0.05 0.43+0.05 NS 0.39+0.0.04 0.43+0.04 NS NS
High 0.17+0.03 0.05+0.03 <0.005 0.22+0.03 0.16+0.02 <0.005 <0.02
Total 1.66+0.17 1.77+0.18 NS 2.21+0.16 2.13+0.13 NS <0.005
recreational I I I I I I I

...... ............. . ...J.:::36 406 ::::::I I 52+ A AW I . ...................... .0 . ......FAL 6 0 . . ....... t.... .. .. ........ ...... ..... ... .......

Weekly occupational and recreational activities of the past year: Low 1-3 METs, Medium: 3-5 METs High: 5-7
METs; PAL: physical activity level as multiples of BMR; SEL: socioeconomic level.

5. CONCLUSIONS

Compared to body size and body composition, regional body fat determined by
anthropometric methods, presented the best individual correlations with glucose status, insulin
sensitivity, lipid status and blood pressure. However, total body fat and regional fat
distribution rather than body size may be a better alternative to assess risk levels for Type 2
diabetes and CVD. For population studies, this has to rely on appropriate field methods such
as BIA. However, this has to be validated by recognised methodology such as deuterium
dilution, DEXA or body density determinations that can provide the necessary information for
specific predictive equation development.

The anthropometric evaluation of regional fat distribution and total body fat by BIA might be
an important field technique for type 2 diabetes and CVD risk assessment. Intervention
studies that may use the findings in this study for this population would be warranted.

Body composition by deuterium dilution determined by IR spectroscopy and
plethysmography to validate BIA are still in progress but preliminary results show that either
method can be used for validation purposes.

Physical activity levels determined by questionnaire were higher in the low income group,
however there were no differences by gender.

Diet and physical activity data analysis will be completed by recruiting 50 mores subjects,
Further analysis combining a possible risk indicators through multiple regression procedures
are in process.
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Ahstract

Thirty healthy male volunteers between the ages of 18 and 27 and of a wide range offatness
were recruitedfor this study. Equal numbers (10) se�f identified as belonging to each of the
MaoriPacificandEuropeanethnicgroups. Originallyitwasintendedthat9Omen(30ineach
group) should be measured but the cost and availability of the doubly labelled water prevented
this.
Specific measurements undertaken included resting metabolic rate by indirect calorimetry, total
energy expenditure over 14 days by the doubly-labelled water technique; total and regional
body fat from dual-ener�y x-ray absorptiometry, anthropometry (body mass index, skinfold
thicknesses and girths); fat and carbohydrate utilisation from respiratory quotients andfrom
carbon-13 analysis of expired breath; and dietary intake of macronutrients. Glucose tolerance,
insulin, thyroid hormone, leptin and blood lipid determinations were also performed.
The groups did not differ significantly in BAff, height body mass or fat mass - but the
European group had significantly lower subscapular to triceps skinfolds andfatfree mass than
the Maori and Pacific group. Resting metabolic rate adjustedforfat mass andfatfree mass was
not different among the groups. Carbon-13 in expired breath was positively correlated to the
subscapular to triceps skinfold ratio and insulin. Reported intake of dietaryfibre was negatively
related to lood lipids and subscapular to triceps skinfold ratio. Central obesity showed strong
associations with biochemical measures of Type 2 diabetes risk
These findings eniphasise the relationships between body composition andfat distribution with
risk of diabetes independent of ethnicity.

1. INTRODUCTION

New Zealand people are getting fatter - on average one gram per day - 60g per year
and one kilogram every three years [1]. Excess body weight results from a positive
energy balance. This is the result of a positive imbalance between the energy
absorbed from the macronutrients in food and the energy used by the body. Maori and
Pacific people in New Zealand have a greater prevalence of obesity and Type 2
diabetes compared to NZ European people. We hypothesised that these differences are
related to metabolic and fat distribution differences as previously demonstrated in a
study of Polynesian and European women 2-7]. We had planned to measure 90 men in
total but funding and availability of the doubly labelled water restricted the number to
30.
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Specifically it was hypothesised that

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

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

• Maori and Pacific Island men are not less active than their European counterparts.
At the time of this report the analysis of the urine samples for the determination of
total energy expenditure has not been completed.

• Maori and Pacific Island men eat similar food and proportions of fat and
carbohydrate as their European counterparts.

2. EYPEREMENTAL METHODS

2.1. Protocol

Volunteers selected on the basis of their body mass index were 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. Informed consent was obtained as prescribed by the
Auckland Ethics Committee. Height and weight were measured followed by a dual-
energy x-ray absorptionieter (DEXA) scan during which volunteers relaxed in a
supine position for approximately 30 minutes. Resting metabolic rate (RMR) was
measured by indirect calorinietry over about 30 minutes immediately following this
scan. During this procedure a breath sample was be obtained in an impermeable bag.
Anthropometric measurements were then made, and an intravenous blood sample
taken for fasting glucose concentration as well as insulin concentration, blood ipids
and thyroid function. The volunteers then drank a dose of doubly-labelled water and
75g of polycose for the standard glucose tolerance test [ 1 1 ] A 7-day food diary and a
seven day physical activity diary was given to each volunteer after discussion of the
methods for completing this. A glucose tolerance test was performed over the
subsequent 2 hours during which blood samples were taken at 30, 60 and 120 minutes
after drinking the polycose. Water was allowed ad Iihitum during the 35 hour period
of the study.

On days 1 2 7 13 and 14 following this first visit, timed urine samples were
collected from each participant. Also on day 7 body weight was measured again and
the 7-day food diary and the activity diary were collected and reviewed. On day 14,
participants returned to the laboratory for a repeat measurement of RMR and
measurement of body weight. The participants visited the laboratory three times each.

2.2. Anthropometry

Measurements of weight and height allowed BNH (weight/height squared) to be
calculated. Sitting height was also recorded. Skinfold thicknesses as the average of
triplicate measurements using Harpenden callipers were measured at biceps, triceps,
subscapular, suprailiac, abdominal, front thigh and medial calf sites following
standard techniques [8 9 Girth measurements at chest, waist, hip, biceps, calf and
thigh were carried out according to the guidelines of the Hilary Commission Life in
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New Zealand Survey [8] and the torso girths converted to percentage fat using the
equations of Tran and Weltman [IO].

2.3. Total Body Fat and Fat Distribution

Total body fat was measured in two ways:

2.3. 1. Using 18 0 dilution measurements

Using 18 0 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.

2.3.2. Using dual-energy x-ray absorptiometry

Using dual-energy x-ray absorptiometry (Model DPX+, Lunar Radiation Corporation,
Madison, WI). hile the use of this technique as a "gold-standard" for fat
measurement is still under debate [11] 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 12]. 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 and abdominal and gluteal
fat. A limitation of the machine is the size of the scanning area. Two volunteers whose
body dimensions exceeded those of the scanning area were measured by excluding
one arm from the scan and then adding the scanned arm composition to the scan as
described by Tataranni and Ravussin 12]

2.4. Resting Metabolic Rate

Resting metabolic rate was measured by indirect calorimetry (Deltatrac MBM-100,
Datex /nstrumentarium, Helsinki). Heart rate was monitored using a Polar Sporttester
to ensure that the volunteer was in a stable state.

2.5. Total Energy Expenditure

The doubly-labelled water technique was used to measure total energy expenditure
[ 3 . Oral doses of labelled water were 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 were stored at 20'C prior to shipping to Dr Andrew Coward at the
Dunn Nutrition Laboratories for analysis. The 180 and 2H dilution spaces (averages
over the 14-day study period) were calculated by using the multipoint slope-intercept
method 13]. From the disappearance rate constants for the two isotopes carbon
dioxide production was calculated and total energy expenditure was determined from
rate Of C02 production and the food quotient using the formula of Weir 14].
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2.6. Breath Analysis

During the measurement of resting metabolic rate samples of expired air were
collected and stored in glass prior to sending to Professor Warwick Silvester at the
Stable Isotope Laboratory, University of Waikato for analysis for carbon - 3.

2.7. Biochemistry Measurements

Dr Cam Kyle, biochemist at Diagnostic laboratories advised on the collection of the
blood samples and supervised their analysis. Glucose was measured by the Roche
Hitachi glucose oxidase method, HbAlc by HPLC affinity chromatography
(Primus)(C.V. routinely <3%). Thyroid function tests used an Abbott AxSym assay
(Microparticle enhanced immunoassay; MEIA) and lipids were by standard Roche-
Hitachi methodology. HDL was done by direct assay. All assays were within target
limits specified by the RCPA Quality Assurance Program. The laboratory has
continuous IANZ S09002 Accreditation, both for laboratory and supplier status.
Leptin was measured by ELISA (American Laboratory Products Company, Ltd
Windham, NH) and insulin by radio immunoassay IMX Insulin Assay kit, Abbott
Diagnostics)

IS 0120 index of insulin sensitivity was calculated using the formula of Gutt et al
[15] from the fasting and 120 min post oral glucose tolerance test. Homeostasis model
assessment (HOMA) indices of insulin sensitivity HOMA %S and beta cell function,
HOMA 13% were calculated according to Hermans et al [ 1 6, 17].

2.8. Dietary Intake

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

2.9. Data Analysis

Analysis of covariance was used to establish differences in RMR and TEE between
the three ethnic groups by controlling for differences in fat-free and fat mass which
bears a strong linear relationship with R?�,IR and TEE 1 8] Correlations between BMI
and height were compared for the three groups and regression analysis was used to
examine the dependence of percentage body fat on BMI. Differences between the
ethnic groups in terms of subcutaneous fat distribution (e.g subscapular to triceps
skinfold ratio) and waist to hip girth ratio was examined and compared with results of
regional DEXA analysis for fat in limb, abdominal and hip areas. Multiple regression
was 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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3. RESULTS

3.1. Body Composition

Table I details the physical characteristics and anthropometric measurements for the
30 men. The groups did not differ in body mass, body mass index (BMI), percentage
fat by anthroporrietry or height. Pacific Island men had a significantly higher
subscapular to triceps skinfold ratio than European and the Maori men had an
intermediate value - not significantly different to European or Pacific Island.

Multiple linear regression of the percentage body fat on BMI and the three ethnic
groups did not find a difference between the groups. The equation for predicting %at
from BMI was:

DEXAO/ofat= 17.98 -(0.55*group) + (1.53*BNH) (SEE = 47%, W=0.79) where
the group is coded as I for Maori, 2 for European and 3 for Pacific Island. Hence
for a fixed BMI, Maori and Pacific Island had less percentage fat and therefore
more fat free mass than European.

Table 2 shows a comparison of the DEXA and biochemical measurements. The groups
were similar in all anthropornetric measurements except for fat free mass by DEXA,
bone mineral density, subscapular triceps ratio, and the IS 0120 value. Pacific Island
men had a significantly higher subscapular to triceps skinfold ratio than European and
the Maori men had an intermediate value - not significantly different to European or
Pacific Island. A similar pattern was seen for fat free mass - Pacific Island men having
a higher fat free mass than European.

3.2. Resting Energy Expenditure

After adjusting for fat mass and fat free mass, resting metabolic rate was similar for
Maori (1 830 ± I 1 kcal/d) and Pacific Island (I 828 ± 117 kcaUd) groups and slightly
lower for European 1751 ± 120 kcal/d) although this did not reach statistical
significance. Resting energy expenditure could be predicted from a linear combination
of fat mass and fat-free mass:

• REE kcal/d = 371.146 + 18.344 DEXA FFM(kg)) + 6.651 DEXA FM(kg))
• TheWvaluewas0.80(P<0.00l). Ethnicitywasnotasignificantpredictor.

3.3. Metabolic fuel mix and diet

The amount of 13C in expired breath was related to the insulin concentration, r�2 =0.20
p=0.013. 13 C also had a positive relationship to the subscapular to triceps skinfold
ratio. There were also significant positive relationships between insulin and
glycosylated haemoglobin, insulin and the subscapular to triceps ratio and
glycosylated haemoglobin and the subscapular to triceps ratio. Other relationships
included significant negative relationships between fibre reported in the diet and total
cholesterol, LDL and triglycerides. Total dietary fibre and the subscapular to triceps
ratio were also related ( = 0.516, P= 0004). These significant associations point to
the interrelationships of metabolic fuel mix, diet and fat distribution.
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3.4. Central Obesity and other indexes of Type 2 diabetes risk

All the men in thess studies were classified as normoglycaemic from the oral glucose
tolerance test. Table 3 demonstrates the associations between central fat and measures
of insulin sensitivity. In particular fasting insulin, and the areas under the insulin and
glucose curves and the IS 0120 and HOMA indices show strong relationships with
measures of central fat.

4. DISCUSSION AND CONCLUSION

As the doubly labelled water results are not yet available the areas addressed in this
report are limited to body composition, resting metabolic rate, metabolic fuel mix and
diet and the relationships between central obesity and biochemical measurements of
Type 2 diabetes risk. The relatively small number of participants in this study limits
the number of significant findings that may be reported - greater numbers would give
greater power.

It is reinforced by the anthropometric measurements reported here that there are
ethnicity dependent differences in body composition and fat distribution. Specifically
Pacific Island men have relatively more fat free mass than Maori men who had more
than European men in this study. The subscapular to triceps skinfold ratio followed
the same pattern indicating that Pacific Island men have more subcutaneous central fat
than Maori and European. These observations agree with those made previously in
Polynesian women and Samoan, European and Maori men and women 2 19, 20].
This central fat deposition could be related to the increased prevalence of diabetes and
obesity in Maori and Pacific people in New Zealand compared to European. However
as the DEXA measurements of the ratio of total fat in the limbs and torso, and
between the abdominal and hip regions showed no significant difference between the
ethnic groups for these young men, further investigation of the distribution of the
subcutaneous to intra abdominal fat are warranted 21-23].

After adjustment for fat mass and fat free mass resting metabolic rate was higher in
the Polynesian men than the European. Tis was contrary to our expectation that it
would be lower based on similar measurements in women 3 It has recently been
shown 24] that as risk for diabetes increases so does resting metabolic rate. This
effect may be a confounding factor in the interplay between central obesity being
more prevalent in Maori and Pacific people. The indices of insulin resistance and
diabetes risk were higher in these normoglycaemic men.

Similarly to the women previously studied [5] there was a positive relationship
between the carbon-13 isotope concentration in the breath and the subscapular to
triceps skinfold ratio. Reported dietary fibre was also related to subscapular to triceps
ratio in these 30 men which compares well with a fding in 12763 people in seven
countries that reported fibre intake was correlated with subscapular skinfold thickness
[25]. The validity of the diet diaries (at least for fibre) is further reinforced by a
negative relationship of fibre with blood lipid levels. These relationships war-rant
further analysis.
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Finally the central obesity measurements show strong associations with indices of
Type 2 diabetes risk. Further exploration of these associations is planned with more
measurements of leptin and ainylin yet to be made on stored samples. These findings
emphasise the relationships between body composition and fat distribution with risk
of diabetes independent of ethnicity.
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TABLE 1: DEMOGRAPHIC AND ANTHROPOMETRIC MEASUREMENTS N MAORI, EUROPEAN AND PACIFIC ISLAND MEN

AGED BETWEEN 18 AND 27 YEARS (MEAN ± STANDARD DEVIATION (RANGE).

Maori (n=10) European (n=10) Pacific Island (n=10) P

Age years 22±3 (18-27) 23±3 (19-27) 24±2 (20-27) 0.47

Height (cm) 180.8±6.5 (170.5-189.5) 178.9±4.9 (170.9-187.8) 181.2±9.5 (167.2-196) 0.75

Weight (kg) 100.3±29.2 (72.7-147.9) 82.6±11.7 (72.6-109.2) 101.4±14.4 (78.7-125.6) 0.08

Waist (cm) 93.6 ± 8.0 (76.2-125.7) 85.9 ± 99 (73.8-106.4) 95.2 ± 0.5 (92,6-110.1) 0.71

Hip (cm) 111.6±15.9 (92.9-137.6) 101.6±8.0 (93.8-119.3) 111.8±9.2 (97.8-125.8) 0.10

Waist/Hi ratio 0.83±0.05 (0.76-0.91) 0.84±0.04 (0.79-0.91) 0.85±0.04 (0.80-0.90) 0.71

Subscapular (mm) 25.2±18.1 (8.5-57) 14.0±8.9 (7.5-35.2) 24.4±13.1 (5.8-48.2) 0.15

Triceps (mm) 18.6±11.7 (8.4-41.5) 13.2±6.9 (6.5-29.5) 14.6±6.2 (4.0-25.4) 0.36

Subscapular/Triceps 1.29±0.36*# (0.90-1.98) 1.05±0.21# (0.71-1.30) 1.67±0.62* (1.14-3.13) 0.01

BMI (kg.rff") 30.4±7.8 (22.7-43.5) 25.9±4.2 (20.6-34.9) 31.0±4.8 (24.6-38.4) 0.12

Girth %fat 23.3±9.9 (12.2-40.2) 19.3±7.2 (12.1-35.3) 22.7±6.6 (11.1-32.0) 0.49

Skinfolds %fat 23.4±7.8 (13.1-35.0) 19.1±5.7 (12.2-30.6) 23.0±7.0 (8.4-30.1) 0.32

Values not sharing a common superscript are significantly different
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TABLE 2 DEXA AND BIOCHEMICAL MEASUREMENTS IN MAORI, EUROPEAN AND PACIFIC ISLAND MEN,

Maori (n=10) European (n=10) Pacific Island (n=10) P
DEXA Fat Mass (kg) 30.4+91.5 (5.5-64.8) 18.9±9.7 (10.0-40.0) 28.4±13.1 (9.8-49.1) 0.22

DEXA Fat Free Mass (kg) 69.5±7.8*# (57.7-82.0) 63.4±4.89 (54.1-71.2) 73.1±8.3 (57.2-85.6) 0.02

DEXA % fat 27.4±12.8 (7.6-44.1) 22.1±8.2 (13.8-36.9) 27.2±9.9 (10.2-41.3) 0.45

BMD g.c62) 1.32±0.04# (1.22-1.39) 1 19±0.08 (1,06-1.33) 1.31±0.08# (1.18-1.43) 0.01

Central/Appendicular fat 1.31±0,29 (0.96-1.92) 1.15±0.30 (0.73-1.67) 1.22±0.21 (1.04-1,70) 0.43

Abdominal/Gluteal fat 0.84±0.25 (0.47-1.17) 0.74±0.23 (0.37-1.15) 0.84±0.15 (0.67-1.16) 0.43

Fasting glucose mmoi.ri) 4.8±0.4 (4.2-5.6) 4.9±0.5 (4.2-5.6) 5.0±0.7 (3.1-5.6) 0.71

Fasting insulin (pmol.l-') 79±58 (21-181) 60±52 (21-181) 83±67 (21-198) o.66

HbAlc (% 4.6±0.4 (3.9-5.2) 4.6±0.5 (3.6-5.0) 5.0±0.38 (4.7-5.7) 0.11

AUC glucose (.=.i.r1.hr) 13.4+9.1 (10.3-16.7) 11.8±4.0 (8.2-20.6) 10.6±1.3 (8.3-12.4) 0.08

AUC insulin curve (pmou-1.h,) 1212±1096 (323-3808) 743±631 (342-2485) 1318±1103 (386-3027) 0.38

ISIO-120 43.6±18.2# (24.1-87.0) 89.8±36.5* (33.2-142.6) 75.6±32.7*# (38.5-127.0) 0.01

HOMAB% 152.0±76.6 (57.5-262.2) 117.8±66,9 (38.3-236.1) 158.1±95.1 (53.2-316.1) 0,49

HOMAS% 114.3±83.7 (30.0-257.8) 150.2±89.2 (29.9-253.2) 105.7±67.7 (29.1-257.8) 0.43

Leptin (ng.mL-') 12.5+2.2 (10.2-15.9) 11.2±1.2 (10.2-14.3) 12.1±2.5 (10.0-16.6) 0.41

Values not sharing a common superscript are significantly different
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TABLE 3 RELATIONSHIPS (CORRELATION COEFFICIENTS) BETWEEN WDICES OF CENTRAL FAT AND INSULIN
SENSITIVITY.

Waist/Hip Subscap % Central/ Abdomin
Waist Ratio Skinfold S/T Fat FFM FM Append al/

Gluteal
Fasting glucose -0.120 0.273 -0.080 -0,060 -0.000 -0.054 -0.050 0.245 0.133

(0.529) (0.145) (0.673) (0.752) (0.999) (0.776) (0.792) (0.192) (0.485)-... .......... .. ....
Fasting Insulin 02"."S 0.280 .7 0.130

(0.134) (0.492)

HbAlc 0.130 0.0451 0.195 0.310 0.173 0.148 0.148 0.030 0.252
(0.494) (0.813) (0.301) (0.-096 (0.361) (0.436) (0.436) (0.876) (0.178)..........

AUC glucose 0.071 -0.145 13.......... ... . ................. .. .... ................
(0.709) (0.443) .9

AUC insulin 0.237 0.093 4.. ........... .. . ....
(0.208) (0.663)

IS 0120 -0.193 -0.116 0.031 24::::Q
(0.307) (0.541) (0.871) (0.234)

-27 0
...... ....04 MHOMAB% 0.290 .071

-d (0.120) (0.771).. .... .. ..
HOMAS% JiID...'.5. .7 23

. ............ '(0 (0.236) (0.474)
0.2$

Leptin 0.064 0.232 0, 89
(0.738 (0.217)

P values in parentheses
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Abstract

The effect of obesity on glucose intolerance is a mixture of the impact of body composition on gucose-
insulin relationships as well as the modulation of this metabolism by physical activity. in this project, we
seek to measure the energy expenditure on activity, the rate of weight gain and changes in body
composition in afree-living population, and to relate these variables to changes in glucose tolerance and
insulin sensitivity. We have enrolled a cohort of 280 adults in Idikan a poor urban community in lbadan,
Nigeria, selected by simple random sampling from a population database. In this communication, we
report characteristics of the study cohort, findings on evaluation of a physical activity questionnaire and
changes in body size, body composition and measures of insulin resistance over a one-year period. Mean
age of the men is 49.7 (SD 12.7 years and of the women 44.7 (SD 10 7 years. Mean fasting blood
glucose was 45 7 (SD 475) mmol/L among men and 354 (SD 1. 02) mmoIlL among women. The modified
HIP physical activity (PA) questionnaire was evaluated in a subset of participants for whom scale
reliability coefficients of 057 and 033 were obtainedfor the occupational and leisure scales of HIP
respectively. Two-week test-retest intraclass correlation coefficient was 053. On validation against
doubly-labelled water measurements, the HIP occupational score showed apositive correlation =0.37,
p=0.01) with activity energy expenditure per kg body weight (AEEper kg) and a similar correlation of
0. 3 7 with physical activity level (PAL). Thus, the HIP occupational scale showed adequate consistency,
good test-retest reliability and good correlations with measures ofphysical activity by doubly-labelled
water. Over a one-year follow-up period, the participants showed increases in weight, BMI, waist
circumferences, fat mass, fasting insulin and insulin-to-glucose ratio. However, HOM44R did not
significantly change. Overweight increasedfrom 21.3% to 23.9% while obesity increasedfrom 52 to
7.7%. Baseline PA and change in PA were significant predictors of change in fat mass but not of other
outcomes. None of the participants became IGT or diabetic during the year. These findings are discussed
in relation to thefindings in the Jamaican study.

1. INTRODUCTION

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 West Africa, living in subsistence agricultural

155



environments, contrast sharply with populations in Jamaica where the nutrition and
epidemiological transitions have been accelerating for the past 3 decades. African-ongin
populations in the United States currently live under the most Westemised 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. Indeed, the observed prevalences 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 [1]. For diabetes, the corresponding
prevalence rates are, 1%, 12% and 16% 2].

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 effect 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. 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.

In this project, 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. This project (contract no. 10603) is coordinated with another project in this CRP
(contract no. 1060 Professor Terrence Forrester, Jamaica).

2. SPECIFIC AIMS

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

• 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 are doing the following:

I Measure the components of the energy budget, R% TDEE, and Physical activity
(PA) at baseline in 150 normal glucose tolerant (NGT) individuals in Nigeria.

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

3. 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.

4. Measure the change in the energy budget components as well as anthropometry
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annually for 3 consecutive years, and relate these to evolution to diabetes from IGT.
5 . Investigate the utility of alternative methods of measuring physical activity (including

PA questionnaires, activity monitors and heart rate monitors) in Jamaica and Nigeria,
and validate these methods against PA as measured by the doubly-labelled water
method.

3. RESEARCH DESIGN AND METHODS

The primary study group consists of 150 randomly selected individuals aged 25 to 55 years
from the population with normal glucose tolerance.

3.1. Measurements

3. 1. 1. Anthropometry and bloodpressure

Weight, height, and waist and hip circumferences are measured with an established protocol.
Weight is measured to the nearest .kg 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. Blood pressure is measured with an electronic measuring
device (Omron model) following a standardized protocol. Body mass index was derived from
weight and height as: weight kg)/height(m)2.

3.1.2. Body composition

For routine measurements, body composition are measured using bioelectric impedance
(BIA). Subjects are measured using an established protocol using the BIA analyser
Model BIA IO IQ from RJL Systems, Clinton Twp., MI, USA). Published equations calculate
body water to within 0.2+/- 1.5 kg of that by deuterium dilution in these populations 3].

3.1.3. Fasting glucose and insulin

Whole blood fasting glucose is measured using a glucose oxidase method. Fasting plasma
insulin is measured by radioimmunoassay. HOMA-IR (the insulin resistance index by the
homeostatic model assessment method of Matthews et al 4 was computed as: fasting
insulin (uU/ml)*fasting glucose (mmol/L)/22.5. HOMA-IR has been shown to be useful in
epidemiological studies and in a variety of situations [5-81. The insulin-glucose ratio was also
computed 9].

4 BASELINE STUDIES

Baseline studies were done between October and December 1999. The baseline measures
taken on enrolment included: weight, height, waist circumference, hip circumference, blood
pressure and BIA measurements. A fasting blood sample was taken from each participant for
glucose and insulin estimations. Fasting blood glucose was estimated within 30 minutes of
blood sampling using a glucose oxidase method. The plasma aliquot from the blood sample is
currently stored for fasting insulin measurements using radioimmunoassay.
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4.1. In depth study of subset of participants

A subset of 67 participants is being studied in depth. These studies are facilitated by on going
collaborative work with Loyola University of Chicago made possible through an NIH grant
on "Hypertension in Populations of West African Origin" (HL-45508). For this subset, RMR
was measured using indirect calorimetry in a Deltatrac metabolic cart. Doubly-labelled water
studies were also carried out on most members of this subset. Validation of a physical activity
questionnaire (including correlation with activity energy expenditure measured by doubly
labelled water and test-re-test reliability) was also done in this subset. The baseline
characteristics of the 67 participants are shown on Table .

TABLE 1 BASELINE CHARACTERISTICS OF 67 INDIVIDUALS BEING STUDIED IN
DEPTH

Charactristic Mea (SD)
Men n=33 Women n-34

Age (years) 46.8 (11.0) 44.5 7.7)
Weight (kg) 62.6 12.7) 54.1 (10.8)
Height (cm) 171.8 6.3) 156.) 10.3)
BNE (kg/m�) 21.1 3.5) 22.5 (5.1)
Waist circumference (cm) 84.2 (11.0) 80.5 9.6)
Hip circumference (cm) 93.0 7.9) 96.7 9.1)
Waist-hip ratio 0.90 (0.05) 0.83 0.06)
Resting metabolic rate kcal/d) 1498 217) 1237 154
Respiratory quotient 0.89 0.04) 0.87 0.04)
Fasting glucose (mg/dl) 75.8 22.1) 74.7 12.4)

4.2. Characteristics of the Study Cohort of 280 participants at baseline

4.2. 1. Demographic characteristics at baseline

The study cohort comprises 280 adults - 101 men and 179 women. Mean age of the men is
49.7 (SD 12.7) years and for the women 44.7 (SD 10.7) years. All belong to the Yoruba
ethnic group. Nearly all are either currently married 86%) or have been married before
(14%)- only 2 individuals have never been married. Over two-thirds 77%) are muslinis while
23% e hristians. One-half (51%) had had no education, comprising 36% of the men and
60% of the women.
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TABLE 2- DEMOGRAPFUC CHARACTERISTICS OF STUDY COHORT (N=280)

Charesteristic Male 101) Female( =179) All( =280
No % No % No %

-Educational Status
Mone 36 35.6 108 60.3 144 51.4

Primary 36 35.6 40 22.3 76 27.1
Secondary 21 20.8 29 16.2 50 17.9

Trade 3 3.0 1 0.6 4 1.5
University 5 5.0 1 0.6 6 2.1

-Marital Status
Married 91 90.1 149 83.2 240 85.7
Wido-wed 3 3.0 24 13.4 27 9.6

SeparatedlDivorced 6 6.0 5 2.8 1 1 3.9
Never Married I 1.0 1 0.6 2 0.7

-Refigion
Islam 77 76.2 139 77.7 216 77.1

Christianity 24 23.8 40 22.3 64 22.9

4.2.2. Lifestylejactors at baseline

Lifestyle questions asked included smoking and drinking (beer, palm wine, whiskey, local
liquor). Current smokers comprised 10.7% 19.8% of men, 56% of women), current regular
beer drinkers 68% 17.0% of men, 11% of women), current regular palm wine drinkers
2.9% 7.9% of men, no women) and current regular whiskey drinkers 1. 8% (5. 0% of men, no
women).
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TABLE 3 PREVALENCE OF SMOKING AND RINKING IN TE COHORT (N=280)

Percentage
Men N101 Women n=179 All n=280

Smoking
Current smoker 19.8 5.6 10.7

Ex-smoker 24.7 1.1 9.6
Non-smoker 54.5 93.3 79.3

Not sure 1.0 0.0 0.4
Drinking: Beer

Never 34.0 88.3 68.8
Sometimes 21.0 6.1 11.5
Regularly 17.0 1. 1. 6.8
Former 28.0 4.5 12.9

Drinking: Palm wine
Never 56.4 79.3 71.1

Sometimes 12.9 13.4 13.2
Regularly 7.9 0.0 2.9
Former 21.8 7.3 12.5
Not sure 1.0 0.0 0.3

Drinking: Whiskey
Never 64.4 89.4 80.4

Sometimes 13.9 7.8 10.0
Regularly 5.0 0.0 1.8
Former 15.8 2.8 7.5
Not sure 1.0 0.0 0.3

Drinking: Local liquor
Never 90.1 96.1 93.9

Sometimes 2.0 3.9 3.2
Former 7.9 0.0 2.9

About I in 12.9%) have a history of high blood pressure, including 14.9% of men and
11.7% of women.

The anthropometric indices (including weight, height, body mass index, waist circumference
and hip circumference) are shown below. Men were taller than women and had higher waist-
hip ratios but women had higher BMI, larger hip circumferences and higher figures for
overweight or obesity.
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TABLE 4 ANTHROPOMIETRIC MEASUREMENTS IN TE COHORT (N=280)

Characteristic Men (n=101) Women (n=179)
-Age (years)* 49.7 12.7) 44.7 10.7
-Weight (kg) 59.7 11.2) 58.3 13.3)
-Height (c!p)* 167.1(7.5) 157.8 7.1)
_BMI kg&)* 214 3.8) 23.4 5.3)
-Waist circumference (cm) 79.2 9.6) 80.8 (11.8)
-Hip circumference (cm) 87.7 7.8) 93.9 12.2)
Waist-hip ratio* 0.90 0.06) 0.86 (0.08)

_% BMI 25* 16.8 31.8

% BMI 30* 1 3. 10.6
*Male-female differences significant at p < .05 (Student's t test)

4.2.3. Body composition at baseline

Body composition measures are shown in the next table. Men had significantly higher fat-free
mass but women had higher fat mass and percent body fat.

TABLE 5 BODY COMPOSITION MEASURES IN THE COHORT (N=280)

Characteristic Men (n=101) Women (n=179
Fat-free mass (kg) 49.4.(7.7) 41.1 6.3)

lat mass (kg) 10.7 7.3) 17.2 9.2)
-Percent body fat (0/6) 16.9 9.2) 27.9 9.6)
All male-female differences significantly different at the p < 00001 level

4.2.4. Fasting blood glucose and diabetes mellitus at baseline

Mean fasting blood glucose was 457 (SD 475) mmol/L among men and 354 (SD 102)
among women.

According to WHO criteria, participants were diabetic giving a prevalence of 29% 95%
C 12 56%). Only two of the diabetics were previously diagnosed (or known) diabetics.
The diabetics comprised 6 men and 2 women, giving sex-specific prevalences of diabetes
mellitus of 59 95% C 22, 12.5)% for men and 1. 1 95% CI 0. 1 40)% for women. Being
male was significantly associated with diabetes (Fisher exact test p = 0028), with men
having 56 times the odds of women of having diabetes. Mean age of diabetics was 48.8 (SD
9.8) years in contrast to 46.4 (SD 17) years among non-diabetics -- 0.4577, p=0.648).

The relationship between anthropometry and diabetes are shown in the next table. Diabetics
tended to have a higher waist-hip ratio but lower percent body fat than non-diabetics.
However, no differences were significant at the p < .05 level. Also, diabetics had higher
mean blood pressures than non-diabetics: systolic blood pressure - 139.2 (SD 39.3) mmHg
versus 125.2 (SD 25.6) mmHg- diastolic blood pressure - 85.6 (SD 31.2) mmHg versus 76.2
(SD 15.9) mmHg.
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These findings are very similar to what was found in a survey of diabetes in the same
community 4 years previously [10] in which the prevalence of diabetes was 28% and that
most anthropometric measurements did not differ between diabetics and non-diabetics.

TABLE 6 TE RELATIONSHIP BETWEEN ANTHROPOMETRY AND DIABETES IN
THE COHORT AT BASELINE

Diabetic (n=S) Non-diabetic n=272)
Weight (kg) 58.5 (8.8) 58.8 12.7)
Height Um 163.7 (8.5) 161.1 (8.5)
BMI kg/m�) 21.9 3.9) 22.7 4.9)
Waist circumference 82.0 9.8) 80.2 (1.1
Hip circumference (cm) 89.0 7.5) 91.9 11.3)
Waist-hip ratio 0.92 (0.08) 0.87 0.07)
Percent body fat 20.9 10.9) 24.1 (10.8)

4.2.5. Relationship between body mass index andpercent bodyfat at baseline

The correlation between body mass index and percent body fat in the cohort was 075 (p <
0.0001). However, the correlation differed between men and women, being 070 among men
and 0.80 among women. Furthermore, scatter diagrams show that the relationship is linear
among men but curvilinear among women. Thus, both body mass index and its squared term
are significant predictors of percent body fat. The coefficient of determination (r 2) differed
considerably between the sexes, further confirming the marked sex differences in the nature
of the relationship of body mass index and percent body fat (Table 7.
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Figure la

Relationship between percent body fat

and body mass index among men
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TABLE 7 SEX-SPECIFIC REGRESSION COEFFICIENTS FOR THE RELATIONSH[P
BETWEEN BODY MASS NDEX (BNE) AND PERCENT BODY FAT

Sex Intercept 0 P2 SEE r2
BMI MW % fat

Men
Linear model -19.43 1.70 6.6 0.48
Quadratic model 7.75 -0.76 0.05 6.6 0.49
Women
Linear model -5.86 1.44 5.8 0.63
Quadratic model -25.63 3.02 -0.03 5.7 0.65
All
Linear model -13.50 1.65 7.2 0.56
Quadratic model -28.53 2.88 -0.02 7.1 0.57
Note: a coefficients significant at p < 005 except for those of the quadratic model for men.
SEE = standard error of the estimate

Including sex in the quadratic model for all participants showed that at any level of BNH,
women had 8% higher fat mass than men (p < .000 1). Age was not a significant predictor of
percent body fat once sex was in the model.

These findings are very similar to a study of the relationship between body mass index and
body fat in three black population samples 3 in which of the three groups studied
(Nigerians, Jamaicans and African-Americans), Nigerian men showed a linear rather than a
quadratic relationship.

4.3. Evaluation of the Health Insurance Plan of New York (HIP) physical activity
questionnaire

During preliminary studies, we noted the following issues about physical activity in the
community:

• Physical activity levels at work are quite high because the level of mechanization or
automation of tasks is quite low

• Activities in the home such as cleaning and cooking may involve a great deal of physical
activity because few people can afford home appliances. So, for example, yam is pounded
by hand and pepper is often ground on a stone by hand.

• Leisure time activities do not include sports such as lawn tennis, golf or soccer for most
people.

• Few people undertake physical exercise in any form (walking, aerobics) for
health reasons; nearly all activities occur in relation to occupation, the home or social
occasions such as meetings or parties.

• Recall of events was possible but the exercise became difficult or confusing when people
were asked to recall activities in specific time frames. As such, PA questionnaires based
on 7-day recall of activities in 15 minute time segments cannot be used.

• Few people in the study site watched more than one hour of television a day.
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Two questionnaires were selected for evaluation, modification and testing after a review of
more than 30 different PA questionnaires. These are the Health Insurance Plan of New York
Questionnaire FUP) and the Modifiable Activity Questionnaire (MAQ). The first gives a
semi-quantitative score of occupational and leisure activities while the other one gives a PA
in met-hours/week over the previous year. Both were studied, modified and field-tested. After
field testing, it was decided to proceed with the HIP only because the MAQ proved difficult
to use in the field, required more time to administer and was largely irrelevant to the local
context.

The HIP consists of six occupational activity and five leisure time activity items. Each item is
assigned a weight (score). Sums of the weights are added for each section to obtain an
occupational score and a leisure score. The scores can be classified into 4 categories for the
occupation and leisure sections as follows:

Category Occupational Leisure
Least active 1-10 0-1
First intermediate 11-14 2-3

-Second intermediate 15-18 4-5
Most active 19-28 6-10

Modifications made included:

• Removal of the option on use of the subway, since there are no subways in Nigeria
• Converting blocks to physical distance in metres and distance between local landmarks
• Replacement of some items with appropriate local equivalents, viz,

*"Takes walks in good weather" was replaced with "Visiting friends and family"
"Gardening in spring or summer" was replaced with "Home gardening/communal

labour"
• "Takes part in sports" was replaced with "Dances at parties/churcw'

The modified questionnaire is attached to this report as an appendix.

The modified HIP questionnaire was evaluated as follows:

• Tests of internal consistency to show that the items on the HIP together measure a
common underlying dimension; in this case, physical activity

• Test-retest reliability to assess the stability of the scores obtained at a visit
• Validation against activity energy expenditure as measured by doubly-labelled water

(DLW)
• Performance when administered to the whole cohort of 280 participants.
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The first 3 were done entirely within the subset that was chosen for in-depth study while the
last was done in the whole cohort.

4.3. 1. Tests of internal consistency of the items on the HIP

Internal consistency was assessed using Cronbach's alpha as a measure of scale reliability
among 57 participants, all members of the subset (Table 8). Alpha values were moderately
high, being higher for the occupational scores than the leisure scores. The alpha values
suggest that the items on the leisure scale exhibit low internal consistency and are likely to be
less useful than the occupational scale in the local context.

TABLE 8: SCALE ELIABILITY COEFFICIENTS OF ITEMS ON HIP BY SEX (N=57)

HIP
Sex Occupational Leisure

Men (n--27) 0.65 0.35
Women (n�30) 0.57 0.54
All (n--57) 0.57 0.33

4.3.2. Test-retest reliability of HIP scores

Two-week test-retest reliability of scores on the scales was assessed among 57 members of
the subset in two ways: firstly, by computing intraclass correlation coefficients and reliability
of class means- secondly, by computing Lin's concordance correlation and a Bland-Altman
analysis.

Intraclass correlation coefficients and reliability of class means are shown in the next table.
Both were moderately high. However, men had higher intraclass correlation coefficients and
reliability of class means for occupational scores while women had higher values for leisure
scores. Pearson's correlation coefficients, Lin's concordance and Bland-Altman analysis all
follow this same trend of higher reliability for occupational scores among men but the
opposite among women.
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TABLE 9 INTRACLASS CORRELATION COEFFICIENTS AND RELIABILITY OF
CLASS MEANS FOR TWO WEEKS TEST-RETEST (N=57)

HIEP
Sex Occupational Leisure

Men (n=27)
Intraclass correlation coefficients 0.62 0.33
Reliability of class means 0.76 0.50
Women (n=30)
Intraclass correlation coefficients 0.47 0.69
Reliability of class means 0.64 0.82
All (n=57)
Intraclass correlation coefficients 0.53 0.53
Reliability of class means 0.69 0.69

Assessment of the HIP's two week test-retest reliability using Pearson's correlation
coefficient, concordance correlation coefficient of Lin and Bland-Altman analysis are shown
below.

TABLE 10: TWO WEEK TEST-RETEST RELIABILITY OF THE COWONENTS OF
TBE HM (N=57)

Bland-Alt an analysis
r rho Mean (SD) diff.95% LOA

en (n=27)
-Occupational 0.61 0.62 -0.19 4.38) -8.76,8.40
Leisure 0.32 0.31 0.04 2.89) -5.63 570
Women n-30)
Occupational 0.47 0.46 0.50 5.62) -10.51, 11.51
Leisure 0.74 0.69 0.87 1.87) -2.80,4.53
All (n=57)

-Occupational 0.53 0.52 0.18 5.04) -9.70, 10.05
Leisure 0.54 0.52 0.47 2.42) -4.27 522
Notes: x-Pearson's correlation coefficient- rho cLin's concordance correlation coefficient;
Diff.=difference between first and second scores- LOA=Iimits of agreement- All p values <
0.005
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4.3.3. Validation of HIP against activity energy expenditure as measured by doubly-labelled
water (DLW)

Validation of the HIP against a "gold standard", activity energy expenditure as measured by
doubly-labelled water was done among 49 individuals whose characteristics are shown
below.

TABLE 10: CHARACTERISTICS OF TE VALIDATION SAM[PLE THAT HAD BOTH
DLW MEASUREMENTS AND HIP (N=49)

Characteristic Men Women
n=24 n=25

Age (years) 45.5 (H. ) 44.9 7.9)
Weight (kg) 60.8 (10.8) 52.7 10.3)
Height (cm) 171.5 6.4) 157.4 5.2)
Body mass index kg/m2) 20.6 2.7) 21.2 3.6)
Fat mass (kg) 10.6 (5.8) 16.0 7.0)
Fat-free mass (kg) 50.2 (7.0) 36.7 4.7)
Percent body fat 16.7 7.0) 29.2 (8.5)
RMR (Kcal/day) 1466 197) 1180 139)
TDEE Kcal/day) 2443 512) 2102 83)
AEE Kcal/day) 733 416) 712 335)
PAL 1.67 0.32) 1.79 0.33)

Note: RVIR=resting metabolic rate; TDEE---total daily energy expenditure; AEE=activity
energy expenditure; PAL=physical activity level

Correlations between the HIP scores on one hand and activity energy expenditure (AEE),
activity energy expenditure per kg body weight and physical activity level (PAL) on the other
hand are shown in the next table.

168



TABLE I CORRELATION COEFFICIENTS OF TE RLATIONSHIP BETWEEN
THE HIP SCORES AND ACTIVITY ENERGY EXPENDITURE (AEE), ACTIVITY
ENERGY EXPENDITURE PER KG BODY WEIGHT AND PHYSICAL ACTIVITY
LEVEL(PAL)

Occupatio al score Leisure score
r P r P

Men (n=24)
Activity energy expenditure (AEE) 0.16 0.465 -0.68 <0.001
AEEper kg boa� weight 0.19 0.379 -0.65 <0.001
Physical activity level (PAL) 0.20 0.338 -0.63 0.001
Women (n=25)
Activity energy expenditure .4EE) 0.52 0.007 -0.14 0.508
AEE per kg body weight 0.55 0.004 -0.07 0.748
Physical activity level (PAL) 0.52 0.008 -0.13 0.547
All (n=49)
Activity energy expenditure (AEE) 0.32 0.029 -0.39 0.005
AEEper kg body weight 0.37 0.010 -0.31 0.029
Physical activity level (PAL) 0.37 0.008 -0.31 0.033

In the whole sample, the correlation coefficient for the HIP occupational score is between 03
and 04. However, there is a significant negative correlation between the HP leisure score
and objective measures of physical activity. This suggests that the HP leisure scale does not
is not really a measure of leisure physical activity in the study community or that people who
were less active during leisure were more likely to report more physical activity. Given that
the negative correlation is sufficiently large and significant, this seems to be systematic rather
than random thus favouring the latter explanation (over-reporting of leisure physical activity).

Looking at sex-specific figures (above) shows that the HIP behaves as expected among
women but is not useful among men. Interestingly, adjusting for age and sex does not alter
the overall correlation coefficients for men and women combined (e.g. crude/adjusted r for
HIP occupation versus AEE are 032/0.32, versus AEE per kg 037/0.36, versus PAL
0.37/0.36). This suggests that the instrument might be useful at the population level even if
age and sex are not adjusted for.

4.3.4. Performance ofHIP among the cohort of 280 participants

The HIP was administered to the cohort of 280 to assess its performance. The occupational
score could not be computed for eight 2.8%) participants because they were not in formal
employment and the leisure score could not be computed for one 0.4%) because there was
no response to al least one item. Overall, 97% could have both scores computed.

Cronbach's alpha for this larger dataset was 042 for the occupational scale and 039 for the
leisure scale. Among men, the respective figures were 053 and 035; among women, they
were 039 and 045. These figures were somewhat lower than what was obtained in the
subset.
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4.3.5. Distribution of HIP scores

The distribution of the occupational and leisure scores are shown in the next figure. The
distributions do not show a marked departure from a Normal (Gaussian) one.

Mean scores and other univariate statistics are shown in the next table. There are no
significant male-female differences.

TABLE 12: ISTRIBUTION OF SCORES ON HIP OCCUPATIONAL (N=272) AND
LEISURE (N=279) SCALES

Percentiles
Mean SD 5'_ 25h 50th 75h 95th

Occupational (n=272)
Men 11.9 5.4 3 8 1 1 16 22

Women 11.1 4.7 3 7 1 1 14 20
All 11.4 5.0 3 8 1 1 15 20

Leisure (n=279)
Men 5.0 2.8 0.5 3 5 6 10

Women 5.4 2.7 1 3 6 7 10
All 5.2 2.7 1 3 5 7 10
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Figure 2

Distribution of HIP occupational scores
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Figure 3

Distribution of HIP leisure scores
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TABLE 13: CLASSIFICATION OF ACTIVITY SCORES ON HIP SCALES

Classification Score Men Women All
Occupational (n=272)
Least active 1-10 43.2 48.0 46.3
First intermediate 11-14 24.2 27.1 26.1
Second intermediate 15-18 21.0 17.0 18.4
Most active 19-28 11.6 7.9 9.2
Leisure (n=279)
Least active 0-1 11.0 9.5 10.0
First intermediate 2-3 20.0 17.9 18.6
Second intermediate 4-5 25.0 21.2 22.6
Most active 6-10 44.0 51.4 48.8

For both men and women, occupational categories are biased towards the lower end while
leisure categories are biased towards the upper end of the distribution.

4.3.6 Correlation with known covariates ofphysical activity

As there were no other direct measures of physical activity in the cohort, the U scores were
correlated with indirect measures (including systolic blood pressure, diastolic blood pressure,
pulse, body mass index, percent body fat, waist circumference and waist-hip ratio).

The correlation coefficients are shown in the next table.
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TABLE 14: CORRELATION BETWEEN H OCCUPATIONAL/LEISURE SCORES
AND KNOWN COVARIATES OF PHYSICAL ACTIVITY

r (p) rdJ (P)
Occupational (n=272)
Systolic bloodpressure -0 16 0.008)* -0 13 0.040)
Diastolic bloodpressu -0 14 0.023) * -0.13 0.034)*
Pulse -0.10 0.117) -0 13 0.03 8) *
Body mass index -0.02 0.701) -0.02 (0.808)
Percent bodyfat -0.09 0.159) -0.09 (0.158)
Waist circumference -0.06 0.356) -0.05 0.416)
Waist-hip ratio -0.02 0.696) -0.03 0.676)
Leisure (n=279)
Systolic bloodpressure -0.02 0.721) 0.03 0.606)
Diastolic bloodpressure 0.03 0.673) 0.03 0.628)
Pulse 0.11 0.077) 0.08 0.200)
Body mass index 0 16 0.007)* 0.12 0.059)
Percent bodyfat 0 16 0.007)* 0.11 0.073)
Waist circumference 0.08 0.167) 0.07 0.290)

-Waist-hip ratio -0 123 0.04) -0.08 0.206)
p < 0.05- radj - r adjusted for age and sex- also adjusted for body mass index for the

cardiovascular indices

The occupational (but not the leisure) score showed significant negative correlations with
blood pressures and pulse. The occupational score showed small negative correlations with
body mass index, percent body fat, waist circumference and waist-hip circumference but
these were not significant. On the other hand, the leisure score showed significant positive
correlations with body mass index and percent body fat. This suggests that in this lean
population (mean MM 21), fatter" people tended to over-report leisure-time physical
activity.

5 FOLLOW UP AT ONE YEAR

The first year follow up for the cohort of 280 participants in the cohort has been completed.
Of the 280, 243 have been successfully re-visited, giving a re-enrolment rate of 88%.

Results of changes in body size (weight, body mass index, waist circumference, hip
circumference and waist-hip ratio), body composition (fat-free mass, fat mass and percent
body fat mass), fasting glucose and physical activity score are presented for 158 individuals
who were normal glucose tolerant at the baseline visit and had two points estimation of
fasting glucose and insulin measurement. Results for men and for women are presented
separately.
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5.1. Changes in body size (weight, body mass index, waist circumference, hip
circumference and waist-hip ratio) between 1999 and 2000

The changes in body size (weight, body mass index, waist circumference, hip circumference
and waist-hip ratio) for men and for women are shown in Table 15. Both men and women
showed a significant increase in weight 1.4 kg for women, 13 kg for men) over the year.
This represented an increase in body mass index (BNG) of about 04 kg/m2. Waist and hip
circumferences also increased in both sexes but only men showed a significant increase in
waist-hip ratio.

TABLE 15: ONE-YEAR CHANGES IN BODY SIZE MEASURES

Mean(SD)
Measure Baseline Follow-up Change P

Women
Weight (kg) 57.5 11.7) 58.9 12.1) + 14 (5.5) 0.013*
Body mass index ftlm2) 23.4 4.8) 23.8 4.9) + 04 2.6) 0.151
Waist circumference (cm) 80.8 (10.5) 84.1 11.2) 33 7.0) <0.001*
Hip circumference (CM) 92.9 9.6) 95.2 9.8) + 23 4.9) <0.001*
Waist-hip ratio 0.87 0.07) 0.88 0.07) + 0.01 0.07) 0.081
Men
Weight (kg) 59.5 10.7) 60.9 (11.1) + 13 2.8) <0.001*
Body mass index ftlm') 21.2 3.3) 21.6 3.4) + 04 (1.1) 0.0 I*
Waist circumference (cm) 79.4 8.7) 81.6 9.3) + 22 4.2) <0.001*
Hip circumference (cm) 87.4 6.9 88.4 7.9) + 1.0 (5.0) 0.133
Waist-hip ratio 0.91 0.05) 0.92 0.06) + 0.01 (0.05) 0.031*
Tp for paired t test- *p < 0.05

5.2. Changes in body composition, physical activity score and fasting glucose between
1999 and 2000

The changes in body composition (fat-free mass, fat mass and percent body fat mass), fasting
blood glucose and physical activity for men and women are shown in table 16. Men showed a
significant increase in fat mass 3.7 kg cf. 22 kg) and percent body fat mass 5.6% cf. 32%)
but fasting glucose and PA score did not change much. On the other hand, women showed a
small but significant increase in fasting blood glucose 0.4 mmol/L) while showing increases
in fat mass and percent body fat as well.
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TABLE 16: ONE-YEAR CHANGES IN BODY CONTOSITION, PHYSICAL ACTIVITY
SCORE AND FASTING BLOOD GLUCOSE

Mean(SD)
Measure Baseline Follow-up Change P

Women
Fat-ftee mass (kg) 40.4 5.6) 39.9 (8.0) - 0.5 6.5) 0.430
Fat mass (kg) 17.1(8.4) 19.3 8.9) + 22 7.3) 0.005*
Percent bodyfat mass (q) 28.4 9.2) 31.6 10.3) 32 (10.8) 0.004*
PA score 11.2 4.5) 11.1(5.4) + 01(5.2) 0.875
Fasting blood glucose mollL) 3.4 0.6) 3.7 0.7) + 04 (1.0) <0.001*
Men
Fat-ftee mass (kg) 49.8 7.6) 47.1 6.4) - 27 4.5) <0.001*
Fat mass (kg) 10.1 6.9) 13.8 7.1) 37 3.8) <0.001*
Percent bodyfat mass (1196) 16.1 8.9) 21.8 7.9) 56 6.0) <0.001*
PA score 11.5 5.2) 10.5 4.9) - 1.0 (5.1) 0.156
Fasting blood glucose (mmollL) 3.6 0.7) 3.7 (0.8) + 0 I (I. 1) 0.712
p for paired t test; *p < .05

5.3. Changes in measures of insulin resistance between 1999 and 2000

Changes in measures of insulin resistance (fasting plasma insulin, the HOMA insulin
resistance index (HOMA-IR) and insulin-glucose ratio) are shown below. Because the data
are not normally distributed, they are presented as means and interquartile ranges. The
baseline and follow up distributions were compared using the non-parametric Wilcoxon
matched pairs signed rank test. Fasting insulin and insulin-glucose ratios increased in both
sexes while HOMA-IR did not show a significant change.
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TABLE 17: ONE YEAR CHANGE IN MF-ASURES OF INSULIN RESISTANCE

Media (interguartile range
Measure Baseline Follow-up p§

Women
Fasting plasma insulin (u Ulml) 4.0 3.4,5.4) 4.8 4.2,6.3) < 0.001
HO&M-IR 0.76 0.61 097) 0.77 0.63,1.15) 0.128
Insulin glucose ratio 1.00 0.82,1.32) 1.41 1.19,1.84) <0.001*
Men
Fastingplasma insuhn (uUlml) 3.7 3.1 52) 4.2 3.8,5.2) < 0001*
HOAM-IR 0.71 (0.510.95L_L 0.64 (0.51, 0.85) 0.310

1 Insulin glucose ratio 0.89 0.78,1.16) 1 1.41 1.11,1.70) <0.001* j
p for Wflcoxon matched pairs signed ranks test; p < 0005

5.4. Change in BMI categories over the one year period

Of the 155 individuals, 102 73.5%) were normal weight, 33 21.3%) were overweight and 
(5.2%) were obese. One year later, the percentages were now 68.4% normal weight, 23.9%
overweight and 77% obese. In other words, both over-weight and obesity increased overall.
However, this increase was virtually only among women as only one man crossed BNII
categories (from normal to overweight).

About 10. 5% of those who were normal weight became overweight one year later and 12. 1 %
of those overweight became obese. Twelve percent of those overweight reverted to normal
weight but all who were obese remained in the same category (Table 18).
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5.5. Changes in body size, body composition and insulin resistance measures by BMI
category change

The changes in body size, body composition and insulin resistance measures by BMI
category are shown below.

TABLE 19: CHANGES IN BODY SIZE AND BODY COWOSITION BY BNII
CATEGORY

AWeight ABMI AWaist AFat mass
Worse
NormallOverweight +5.7 +2.6 +6.3 +0.8
Overweightl0bese +6.1 +2.2 +0 I +1.8
Stable
Normal +0.8 +0.3 +2.8 +3.0
Overweight +1.5 +0.3 +1.8 +0.8
ObeselObese +2.2 -0.5 +6.1 +0.2
Better
OverweightlMormal -3.1 -3.6 -1.3 +0.2

TABLE 20: CHANGES IN INSULIN RESISTANCE MEASURES BY BMI CATEGORY
AInsulin AHONU-IER AIG ratio

Worse
NormallOverweight +0.71 +0.05 +0.28
Overweightl0bese +0.34 -0.12 +0.39
Stable
NormalWormal +0.76 -0.01 +0.38
OverweightlOverweight +0.71 +0.05 +0.28
ObeselObese +0.43 -0.01 +0.08
Better
OverweightlMormal +0.20 -0.19 +0.37

5.6. Predictors of changes in weight, body mass index and fasting glucose

Predictors of changes in weight, BNH, waist circumference, fat mass and measures of insulin
resistance over the one year period were evaluated using multiple linear regression analysis.
Potential predictors included age, sex and the baseline values of the outcome for changes in
weight and BNH. Potential predictors for change in measures of insulin resistance included
age, sex, baseline BMI and cange in BNH, baseline waist circumference and change in waist
circumference, baseline fat mass and change in fat mass, baseline PA score and change in PA
score. A stepwise strategy was used with backward elimination of variables.
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Weight change had no significant predictors. The only significant predictor of BNH change
was baseline BNE (regression coefficient 0 122 (SE 0042), p=0.004. Significant predictors of
waist change included age, baseline waist circumference, baseline BMI and change in BNH
(r2=0.28). Significant predictors of change in fat mass included baseline BNH, change in
BNII, baseline fat mass, baseline PA score and change in PA score r7=O.49). For insulin,
HOMA-IR and insulin-glucose ratio, the baseline values were the only significant predictors
(r2 of 0. 18 012 and 0 14, respectively).

6. DISCUSSION

The relationships between obesity, physical activity, diabetes and insulin resistance are
complex. This project seeks to define some of these relationships in a developing country
population in Africa with a low BNH -21-22 kg/m2) and a low prevalence of diabetes <
2%). At the present time, Nigeria is undergoing transition at several levels most of which
hinge on the socio-political transition from ilitary to democratic rule that started in 1999.
Thus, this project that started at the beginning of this transition process will probably capture
the changes in body size and body composition that may occur in its early years. Clearly,
there have been increases in weight and body fat over just one year of follow-up. In
comparison, there has been little change in glucose tolerance and insulin resistance. Given the
low baseline BNH, it would be interesting to see how obesity, diabetes and glucose tolerance
evolves in this study cohort. In our companion study in Jamaica, there has clearly been
worsening overweight and obesity accompanied by worsening glucose tolerance. In that
study, however, baseline BNII was quite high at the onset of the study (- 24 kg/m2 for men,
-29 kg/m2 for women) and so was the prevalence of glucose tolerance and diabetes. Thus,
the findings of this study suggest that the present population is yet to get into the BNH range
where increases in body size are accompanied by worsening glucose tolerance.

The cohort is still being followed up and more clues about the relationships between obesity,
physical activity, diabetes and insulin resistance should be available in a few years. Given the
well-known high prevalences of obesity and diabetes among populations of the African
diaspora, such an understanding may prove essential in designing interventions to reduce the
incidence of these conditions.
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Modified HIP Physical Activity Questionnaire
(Based on Health Insurance Plan of New York Questionnaire)

Physical Activity Connected with lob

Question Answer Assigned weight
Time on job spent sitting Practically all 0

More than 2 1

About 2 2
Less than 2 3
Almost none 4

Time on job spent walking Almost none 0
Less than 2 1

About 2 2
More than 2 3
Practically all 4

*Walking to get to and from work None or less than I block 0
1 or 2 blocks 1
3 or 4 blocks 2
5 to 9 blocks 3
1 0 to 19 blocks 4
20 to 39 blocks (I mile, not 2 5
40+blocks (2+miles) 6

Lifting or carrying heavy things Very infrequently or never 0
Sometimes 3
Frequently 6

Transportation to and from work None 0
Car and/or bus and/or railroad and/or I
ferry

Hours on the job Less than 25 1
25-34 2
35-40 3
41-50 4
51+ 5

Physical Activity off the Job

Item Frequently Sometimes Very infrequently/
never

Walks visits ftiends and neighbours 2 1 0
Works around house 2 1 0

Keeps home garden or participates in 2 1 0
communal abour

Dances at parties/church/other occasions 3 0
Other 3 2 0

181





' 70ART 0

i4iPPENDICES





APPENDIX 1: AGENDA OF TE MEETING

SECOND RESEARCH CO-ORDINA TIONMEETING (RCH) FOR THE
CO-ORDINA TED RESEARCH PROJECT (CRP) ON "APPLICA TION OF
NUCLEAR TECHNIQUES IN THE PREVENTION OF DEGENERA TIVE

DISEASES (OBESITYAND NON-INSULIN DEPENDENT DIABETES) IN
AGEINGY)

...... ... . .. . .......... .......

... ..... ... ................ ... .... . . . ..

. ..... .... ..... .:MOND" 25 KNE:200.... ........ ...... ..- : � � : I .. .. ..... .. ..... ....... ..... .. .. .......... . . .. .... ...... . = :: s: �: �� : �� : .�:. :

CHAIR: DR. FORRESTER

09.30 Welcome Remarks Host institute, IAEA
Recent IAEA activities Dr. yengar

10.00 Administrative matters/
Option of one Agenda

10.30 Coffee Break
11.00 Country Reports: Chile (1) Dr. Diaz
11.45 Country Reports: Brazil 2) Dr. Sawaya

12.30 Lunch

CHAIR: DR. RUSH

14.00 Country Reports: China 3) Dr. Ma
14.45 Country Reports: Cuba 4) Dr. Hernandez
15.30 Coffee Break
16.00 Country Reports: Mexico (5) Dr. Valencia
16.45 General Discussion of the

5 country reports presented

17.30 Reception Location to be announced

.. .. .......:0T1USDAY'::2&4UNE20 1.:.. ... : �� :.... ........... ...... . ..... ............. ...
... ... .. .. .. .. ..... ...... . . .. ..... .................. ......... ..... .. ....................... .. .. ............. ............. .. .. .. . ... .. .... ............ . .... ... ... ...... .... ................

CHAIR: DR. VALENCIA

09.00 Country Reports: Jamaica 6) Dr. For-rester
09-45 Country Reports: Nigeria 7) Dr. Adeyemo
10.30 Coffee Break
11.00 Country Reports: New Zealand (8) Dr. Rush
11.45 Country Reports: U.S.A. 9) Dr. Saltzman
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12.30 Lunch
CHAIR: DR. ADEYEMO

14.00 General Discussion of Reports 6-9)
15.30 Coffee Break
16.00-17.30 Visit to the Institute of Tropical Medicine

m � : : : : : ........ .. a a m : m s r q : m : s
m : .... ....... ... .. .. .... .. . . . . ..... ............. ... .... ... ...... ... ........... .......- . .. ..... ............... .. ... :: : ::: - :: ... . ... ...... . .... ... . . ...... m: M FNESU" � 27j" E. ............ ........... .......... ... ...... .... ............ . ... ...... ... .... ... ... ... .. ... .... .. . . .... . . ....

CHAIR DR YAJNIK

09.00 Country Report: India 10)
09.45 General Discussion of the outcome emerging from the country reports
10.30 Coffee Break
11.00 Identifying a structure for aiving at conclusions and preparation of final report

(discussion),
Identify Co-ordinator

12.30 Lunch:

14.00 Formation of writing groups:
1. Summary of the CRP
2. Data presentation+ treatment part
3. Individual country reports (coordination)

Coffee Break as needed

17.30 End of Session

........... . ...... . s s : : : : : - : : : : : : : : : : � : : m : s- : : : � : : :: : :: : � : : : : : : :s : .: s : :: : : � : : , s a.... .. ..... ....... ..... ...... ::: .d - : :::: a .. ... .. . ....
.. ...................................... .. .... THURSDAY JUNE200 s. .......... .. .. .. .. ......... . ..... .. ..................... .. ...... . ........ ..... . ................. ...... ...... : : . : : � : : : : : � : m : : : : s s s m s : : :

. ...... . .. ... .... ... .. .... .......... .... . ...... .......

09.00 Writing assignments continued throughout the day

16.00 Plenary session day's progress and discussion of difficulties faced
17.30 End of the session

............... .... ... ... . . a ......
s o m . ....... ...... ......

......... .... .... ... .......... . ........ .. ... E :2 0 0 1 : .... . .... .. . .... .. ... .......... ... .. .. . .. .. ... ..... .. ... .... .. .. .. ... ... ... d .. ... ... . . ..... ... .. .......... ... ... .. .. ... .. .... .. ... ........ . . .. ... ... . ... ............................ .... ;...: ....... ... .. .. ... . .. ..... ...... ... . : ... . .. ...... ...... . ....... .... .. .... . . .. ... . ........... .. .. .. . .. .....

09.00 Reshaping the reports based on Thursday's plenary discussion

14.00 - Summary of the discussions to be presented by the coordinator
- Acceptance of the report
- General remarks (open to all)

15.30 Closing of the meetings
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APPENDIX 2 LIST OF PARTICIPANTS

LIST OF PARTICIPANTS

BRAZIL

Dr. Ana Lydia Sawaya
Rua Botucatu 862
Ed. Ciencias Biomedicas, 2o andar
Disc. Neurofisiologia e Fisiologia Endocrina
Universidade Federal de Sao Paulo
Sao Paulo - SP, CEP 04023-060
Tel.: +55 11 5083 2108
Fax: +55 11 3872 8631
E-mail: aafisi�ecb.epMbr

CHE1,E

Dr. Jose Eduardo Galgani Fuentes
Universidad de Chile
Instituto de Nutricion y Tecnologia de los Alimentos
Avenida J.P. Alessandri 5540
Santiago
tel.: 56 2 6781462 or 6781457
fax: 56 2 2931268
e-mail: jgalgani�uec.inta.uchi1e.cl

PEOPLE'S REPUBLIC of CHINA

Dr. Guansheng Ma
Chief Professor
Department of School Nutrition
Institute of Nutrition and Food Hygiene
Chinese Academy of Preventive Medicine
29 Nan Wei Road, Beijing 100050
Tel.: 86 10 63189844
Fax: 86 10 63011875
E-mail: mgs�public.bta.net.cn

CUBA

Dr. Manuel Hernandez Triana
Institute of Nutrition and Food Hygiene
Director of the Department of Biochemistry and Physiology
Infanta 1158, Habana 10300
Tel.: 537 795180; Fax: 537 738313
E-mail: macondo�infbmed.sld.cq
manumacondo�hotmail.com
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INDIA

Dr. Chittaranjan S. Yajnik
Diabetes Unit
King Edward Memorial Hospital and Research Centre
Pune
Tel. +91 20 6111958
Fax +91 20 6125603
E-mail : diabetes�vsnl.com

JAMAICA

Dr. Terrence Forrester
Tropical Metabolism Research Institute
University of the West Indies
Mona, Kingston 7
Tel.: 876 9271884 or 9271620-9
Fax + 876 9770632
E-mail : tesgf�infbqhqn.com

Dr. Pamela Gaskin
Epidemiology Research Unit
Tropical Medical Research Unit
University of the West Indies
Mona, Kingston 7
Jamaica
Tel. +1 876 9271884
Fax: +1 876 9770632
E-mail : pg;4sKLg�j4wimona.edu.jm

Dr. Asha Badaloo
Tropical Metabolism Research Unit
Tropical Medical Research Unit
University of the West Indies
Mona, Kingston 7
Jamaica, W.I.
Tel.: +1 876 9271884
Fax: 876 9770632
E-mail: abadaloo&uwimona.edu.jm

MEXICO

Dr. Mauro Valencia Juillerat
Centro de Investigacio en Alimentacion. y Desarrollo (CIAD)
Carretera a la Victoria Km 06
Apartado Postal 1735
Hermosillo, Sonora
Mexico 83000
Tel. - 52 62 800094
Fax: 52 62 800094
E-mail : maurogcascabel.ciad.mx
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NEW ZEALAND

Dr. Elaine Rush
Associate Professor
Department of Applied Science
Auckland University
Private Bag 902006
Auckland 1020
Tel.: 64 9 9179999 ext. 8091
Fax: 64 9 917 9973
E-mail : elaine.rush�ait.ac.nz

NIGERIA

Dr. Adebowale Adeyemo
Paediatrics/Child Health
College of Medicine
University of Ibadan
lbadan, Nigeria
Tel.: 234 2 2411081
Fax: 234 2 2411768
E-mail : andrew�ibadan.skannet.com

UNITED STATES OF AMERICA

Dr. Amy Luke
Department of Preventive Medicine and Epidemiology
Loyola University School of Medicine
2160 South First Avenue
Maywood, EL
USA
Tel. 708 327 9011
Fax: 708 3279009
E-mail: aluke umc.edu

IAEA SECRETARIAT:

Dr. G.V. yengar
Head, Section of Nutritional and Health-Related Environmental Studies
Division of Human Health
Department of Nuclear Sciences and Appliances
IAEA, PO Box 100
A-1400 Vienna
Austria
Tel.: 43 2600 21657
Fax:+43 126007
E-mail: V.lyeLigar�iaea.org
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APPENDIX 4 TABLE 2 MAIN FINDINGS AND PROGRESS TO DATE PER COUNTRY

Country Main Findings Implications Pending Work Isotopic Techniques Used
China )> Obese and overweight groups )> Dietary energy and fat > Deuterium dilution > Deuterium dilution

have significant greater BMI, intakes and physical analysis > Doubly labelled
waist, hip, waist/hip ration, activity levels play a > Data analysis: water
body fat than normal weight critical role in > Body composition
group. overweight and (anthropometry

> The total energy and fat intakes in obesity. versus deuterium
Obese and overweight groups > Overweight and dilution)
were greater than that in normal obesity is also the risk > Energy intake
weight group, while obese and factor for (weighted food
overweight groups expended hypertension and method) versus
much less calories than normal diabetes. energy
weight group. expenditure

> Obese and overweight groups > Energy
have significant higher expenditure
hypertension rate, fasting insulin (Physical activity
and leptin levels than normal questionnaire
weight group. versus DLW)

Chile After sunflower compared to canola > Fatty acids type > To complete the > Radio immune assay
treatment was found: ingested in the diet can sample (10 subjects (RIA)

> Significant changes in plasma n6/n3 modify te fat disposal. in each group) with > DEXA
fatty acids (n6/0) ratio It may be an additional corresponding

> Higher fat oxidation in controls, factor in worsening the measurements.
associated positively to changes in insulin resistance. > To enhance
plasma n6/n3 ratio. statistical analysis

> Higher insulin response in obese, > To include body
which was not associated to changes composition
in plasma n6/n3 ratio measurement by

DEXA
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Mexico > ffigh levels of obesity (BMI>30) > Total body fat and > Further analysis of > Deuterium dilution by
were found in 23.4% of the 350 men regional fat distribution body composition infrared spectroscopy
and women, 20-84 years subjects was one of the main by deuterium and TIR for body
measured in this study. factors implicated in dilution and body composition.

> Subjects with abnormal glucose risk for type 2 diabetes density to validate > Insulin by RIA.
levels had higher weight, BMIW/H, and CVD. BIA. > Leptin by RIA
BMI'/ofat, and blood pressure than > Intervention > Increase recruitment
normoglycaemic subjects. programmes based on of subjects.

> Subjects with high central adiposity reducing these risks > Complete analysis
(combination of % fat and W/H ratio) should be addressed in of diet, physical
had higher triglycerides 2 hr glucose this population. activity and socio-
levels and lower HDL - cholesterol. economic variables

> Of the anthropometric measurements, by multiple
waist, W/H and BMI showed the best regression
correlations with glycaemic status, procedures.
blood lipids and isulin sensitivity > Complete analysis
(IS10,12A of leptin and HOMA

> In terms of body composition, BIA calculations.
showed a good relationship with
(IS10,120)

Cuba > The main study included 48 elderly > This would indicate and > In spite of the fact > Doubly labelled water
subjects aged 60-74 years of a rural important that these results are (2 H and O)- method
mountain community of Western underestimation of their limited with respect for the measurement
Cuba. IGT after and WIT and energy requirement, to sample size, of total energy
hypertension were found in 40% or especially, in view of currently, part of expenditure.
23% of them respectively. the fact that in subjects this same study

> Total energy expenditure (TEE) and of low BMI, like those conducted in Chile
physical activity level (PAL) of those found in this study, and Mexico in the
subjects measured by the doubly have a potential risk for same age group,
Elabele water method were much falling into a chronic rural conditions and
higher of what has been reported for energy deficiency protocol is being
similar age groups in other studies. processes. finalized and will

> PALs obtained by the questionnaires provide very
underestimated energy expenditure important
and physical activity in a 27% information for final
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compared to the doubly labelled conclusions from
water method. the perspective of

> Dietary intake underestimated TEE energy requirements
in I I% for women and 5 5 % for men. and

recommendations.
> A follow-up of these

subjects extremely
important for it shall
shed light on matters
of energy balance
due to the marginal
status of some of the
individuals and in
the group as a whole
which will be
necessary for
appropriate
interpretation and
final conclusions.

Nigeria Over a one-year follow-up period, > Significant increases in > Completion of > Deuterium dilution
participants showed: weight and fatness have laboratory assays Doubly-labelled water

> Increased weight and BMI occurred in just one including lipid (D20 and 0 I )
> Increased prevalence of overweight year of follow up in a (cholesterol, HDL, > Radiommunoassay.

from 21.3% to 23.9% cohort from a lean LDL, triglycerides)
> Increase prevalence of obesity from population with BMI and glucose/insulin

5.2% to 77%. -21-22 kg/M2. assays.
> Increased body fat (fat mass and > These ave occurred > At least 12 years

percent body fat mass) but no without worsening more of follow up.
increase in fat mass glycaemia, status > Comprehensive

> Change in physical activity suggesting that the statistical analysis
predicting change in fat mass population is yet to and DabeledO.

> Increased fasting insulin and insulin- reach the BMI threshold > Dissemination of
glucose ratio above which worsening results through

> No increase in HOMMR. glycaemia status publications in peer-
accompanies further reviewed journals

195



increases in weight and local meetings.
gain.

> Weight 9am was
virtually all fat and not
fat-free mass.

> These findings suggest
a great potential for
prevention of diabetes
in this population where
the current prevalence is
low.

Jamaica > Prevalences of IGT and frank > Increasing physical > Complete Deuterium dilution.
diabetes increased over 4 -year activity and decreasing characterization of > Doubly labelled water
follow-up in Jamaican adults. adiposity is urgently approximately 700 (2 H + 018).

> Lower physical activity was needed to stem the rapid subjects. > Radioimmunoassay.
significantly cross-sectionally rise in the evolution of > Stengthen the
associated with poorer glucose diabetes in Jamaica. validation of BIA
tolerance status. and physical activity

> All adiposity variables, eg, BMI, % by questionnaire
fat and waist circumference predicted using isotope
worsening glucose tolerance for men; dilution.
change in waist predicted worsening > Planning of an
status in both men and women. intervention to

improve the risk of
IGT and diabetes.

India > Prevalence of obesity and central > Measurement of body > Pending laboratory > Deuterated water
obesity progressively increased from fat and its central assays of insulin, method for estimation
rural to urban middle class men. distribution by cytokines, of TBW.

> This reflected in increasing appropriate methods endothelial markers > Radiommunoassays.
prevalence of diabetes (0 4 and should form an essential etc. > DEXA for body fat
101/6), impaired glucose tolerance 9, part of further sudies of > More detailed (and BMD).
12 and 20%), hypertension 2 4 and insulin resistance and statistical analysis. > CT-Scan for muscle
101/o) and plasma cholesterol and CV risk in Indians. > Expand the study to mass (thigh) and
triglyceride concentrations. > Careful attention should include women, to intramuscular fat.

> Body fat percent was a significant be paid to define the predictive > MRI for visceral and
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predictor of increasing cardiovascular anthropometric equations of body abdominal
risk in these populations, central measurements. fat from subcutaneous fat
obesity increased the risk further, > Appropriately designed anthropometry and
though numerically to a smaller bioimpedance programs bioirnpedance
extent. should be made measurements.

available for widespread
use.

Brazil Whole sample in comparison to reference > Living in shantytowns > To continue the > Radioimmunoassay
curves: in the city of Sao Paulo measurements of > Doubly Labelled

> Lower IGF-I levels 92% of the impairs growth. hormonal Water
children). > High prevalence of high parameters (salivary > DEXA.

> Higher diastolic blood pressure diastolic blood pressure cortisol, thyroid
(100% of the children above 50'h and in poor kids was found. hormones).
41% of boys and 28% of girls above > Stunted children > To continue the
90th). showed alterations in analysis of body

> Differences between stunting and insulin profile. composition.
non-stunting groups. > To compare results

> Stunted children had delayed Tanner of body composition
stages. with carbohydrate

> Lower fasting insulin. and lipid profile and
> Lower Beta cell production. blood pressure.
> Higher insulin sensitivity.

New > In normoglycaermic young men aged > Body fat and > TEE still to be > Deuterated water for
Zealand 18-27 years increased body fat and distribution predict at a analyses. body water

central obesity were associated with young age risk for Type > Physical activity, measurement.
measurements of glucose, insulin, 2 diabetes. diet and body > Doubly Dabeled
lipids and leptin that indicate an composition water for total energy
increased risk of Type 2 diabetes. interrelationships to expenditure.

> Central obesity and fibre intake are be explored. > Breath carbon-13 for
negatively associated, substrate oxidation.

> DEXA scan for body
and regional body
composition.

> RIA measurement for
plasma insulin.
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APPENDIX :

APPLICATION OF STABLE ISOTOPIC TECHNIQUES IN THE
PREVENTION OF DEGENERATIBE DISEASES LUCE OBESITY AND NIDDM
IN DEVELOPING SOCIETIES.

PRAKASH SAETTY1, VENKATESH IyENGAR2 , ANA SAwAYA�, ERiK DIAZ4, GUANSHENG
MA', MANUEL HERNANDEZ-TRL�A�, CIETTARANJAN YAJNDe, TERRENCE FORRESTER8,
MAURO VALENciA9, ELAjNE RuSH10, ADEBOWALE ADEYEMO", FAROOK JAHOOR12, AND
SUSAN ROBERTS"

')Food & Agricultural Organisation, Rome, Italy London School of Hygiene &
Tropical Medicine, London, UK.
2)Intemational Atomic Energy Agency, Vienna, Austria.
3�Univ Fed Sao Paulo, Sao Paulo, Brazil.
4) INTA, Santiago, Chile.
5)Chinese Academy of Preventive Medicine, Beijing, China.
6)Inst of Nutrition & Food Hygiene, Havana Cuba.
7)KEM Hospital, Pune, India.
8)TMRU, Kingston, Jamaica, West Indies.
9)CIAD, Hermosillo, Mexico.
'O)Auckland Instit of Tech, Auckland, New Zealand.
11) Univ of lbadan, lbadan, Nigeria.
12) CNRC, Baylor College of Medicine, Houston, USA.
13)USDA HNRC for Ageing, Tufts Univ, Boston, USA.

Abstract
Economic development in developing societies characterized by industrialization, urbanization and
globalization has seen the emergence of an epidemic of diet and life-style related chronic degenerative
diseases. A research project has een initiated under the aegis ofthe InternationalAtomic Energy agency
(MEA), Vienna, Austria under its Co-ordinated Research Programme (CRP) to promote the use of stable
isotopic techniques to document the extent of the problem and to understand the determinants of this
epidemic. The principal objectives of this CRP involving countries both in the North and the South are to
define the magnitude of the problem of obesity and non-insulin defendant diabetes mellitus (NIDD in
developing countries, to identify the vulnerable groups at increased risk and to attempt to describe the
metabolic and physiological mechanisms underlying this phenomenon. These comparative international
studies of obesity and NIDDM are looking at the effects of childhood malnutrition (Brazil and socio-
economic dfferentials (Mexico) on adult riskjactors; the composition of the daily diet on obesity (Chile);
levels ofpatterns ofphysical activity of older adults (China) as well as their influence on weight gain and
obesity (Cuba, Nigeria); the impact of body composition and energy expenditure on the evolution frank
diabetesfrom impaired glucose tolerance (Jamaica), and of body compositional changes and the role of
inflammatory cytokines on impaired glucose tolerance (India). The last study conducted in New Zealand
was aimed at comparing the energy expenditures of Maori (Pacific Island) with New Zealanders of
European descent. The findings of the CRP of the MEA in this area carried out in several countries are
presented in this article.

INTRODUCTION

Non-communicable diseases (NCDs) account for nearly 60% of deaths globally mostly due to
heart disease, stroke, cancer, diabetes and lung diseases. The rapid rise of NCI)s represents
one of the major health challenges to global development in the 21" century and threatens
economic and social development of nations as well as the lives and health of millions of their
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subjects. In 1998 alone, NCI)s are estimated to have contributed to 31.7 million deaths
globally and 43% of the global burden of disease [1]. Based on current trends, it is expected
that by the year 2020, NCI)s will account for 73% of deaths and 60% of the disease burden. A
recent analysis of mortality trends fro NCDs suggests that large increases in NCI)s have
occurred in developing countries 2], particularly those in rapid transition like China, Brazil
and India. The rapid increase in these diseases is seen disproportionately in poor and
disadvantaged populations and is contributing to widening health gaps between and within
countries. In 1998, of the total number of deaths attributable to NCDs, 77% occurred in
developing countries, and of the disease burden they represent, 85% was borne by low and
middle-income countries [1]. This increase in the incidence of chronic degenerative diseases
is due to a complex range of factors that interact to determine the nature and course of this
epidemic 3].

As developing societies, industrialize and urbanize, and as standards of living continue to rise,
weight gain and obesity will pose a growing threat to the health of the citizens. Obesity is now
widely prevalent in several developing countries, particularly those in rapid transition, and is
affecting both children and adults and is a significant contributor to the ill health of people in
developing countries. Obesity is a key determinant and important risk factor for other NCDs
such as non-insulin dependent diabetes mellitus (NIDDM), cardiovascular disease (CVD)
including hypertension, and certain cancers. The increasing prevalence of obesity in a
population in developing societies is an early indicator of an emerging health burden due to
the increasing mortality of morbidity from NCDs.

The principal objectives of this Co-ordinated Research Programme (CR.P) of the International
Atomic Energy Agency (IAEA), Vienna, Austria- involving both countries both in the North
and the South are (i) to define the magnitude of the problem specifically of obesity and non-
insulin dependent diabetes mellitus (NIDDM) in several developing countries; (ii) to identify
the vulnerable groups at increased risk and (iii) to attempt to describe the metabolic and
physiological mechanisms underlying this phenomenon.

This CRP was hence set up with the following objectives:

• To promote the use of stable isotopic techniques to document the extent of the problems
and to understand the determinants of Obesity and non-insulin dependent diabetes
mellitus (NIDDM) in developing societies.

• To define the magnitude of the problem of Obesity and N1DDM in developing countries.
• To identify the vulnerable groups at increased risk and to attempt to describe the

metabolic and physiological mechanisms underlying this phenomenon.
• To enhance North-South collaboration and transfer of know-how and technology.

Brazil

The studies in Brazil are conducted by Sawaya and her colleagues at the Department of
Fisiologia, Disciplina de Neurofisiologia e Fisologia Endocrina, Universidade Federal de Sao
Paulo, Sao Paulo, Brazil 41 and in partnership with Roberts at USDA Center, Tufts
University, Boston. Previous studies by this group had demonstrated higher energy
conservation mechanisms in marginally stunted Brazilian children exemplified by lower
resting metabolic rates, lower fat oxidation, higher susceptibility to gain weight and thus
leading to a higher prevalence of stunted but obese individuals. The hypothesis being tested
was that living in shantytowns in the city of Sao Paulo, Brazil, impairs growth and increases
risk of stunting and that this stunting may be associated with alterations in rat patterning,
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circulating hormones such as insulin and 1GF-1 as well as alterations in plasma lipid profiles.
The study recruited 5 children of both sexes ages -1 I years out of a total of 300 who were
screened from a shanty town in Sao Paulo of whom half were stunted and the other half had
normal height-for-age (HAZ). Stunted children (n=28 with HAZ scores < -1.5) were
compared to normal children (n--30 with HAZ Z scores > -1.5). About 98% of the population
had low IGF-1 values indicating impaired growth. The stunted boys and girls demonstrated
delayed Tanner stages of pubertal development and had lower systolic blood pressures, but
higher diastolic blood pressures. Alterations in insulin profile by HOMA analysis manifesting
as lower fasting insulin, higher insulin sensitivity, and lower IGF-1 levels characterized and
stunted children. The plasma lipid profile was not different between the two groups. It was
concluded that the environment in shantytowns impairs growth potential and that stunted
children growing up in these environments have abnormal beta cell function and lower fasting
insulin and higher insulin sensitivity.

Mexico

The Mexican studies on the risk factors for NIDDM and cardiovascular disease in adults from
different socioeconomic levels was being lead by Mauro Valencia uillerat, at the Centro de
Investigacion en Alimentacion y Desarrollo at Hermolillo, Sonora, Mexico [5]. The National
Survey involving 1924 adults of 8120 households throughout Mexico 6 a relationship
between educational achievement and prevalence of NIDDM i.e. 15.6% prevalence in those
with no education compared with 28% among postgraduates. The present study was
conducted on 350 male and female adults aged over 20 years in Hermosillo, Mexico. They
were recruited from low and high income socioeconomic groups and provided samples for an
oral Glucose Tolerance Test (OGTT), and for plasma lipids, insulin and leptin determinations.
The prevalence of obesity(BMI>30) in this sample of the 350 adult men and women was in
23,4% and it was observed that subjects with abnormal glucose levels had higher body-
weight, BMI, W/H, % fat, and blood pressure than normo-glycaemic subjects. Subjects with
high central adiposity (combination of % fat and W/H ratio) had higher triglycerides 2 hr
glucose levels and lower HDL-cholesterol. Waist circumference, W/H, BMI and Bio-
impedance analysis (BIA) fro body composition showed the best correlations with gycaemic
status, blood lipids and insulin sensitivity. Detailed body composition studies comparing
deuterium dilution with data from other measurements and analysis of physical patterns
between the two income groups and their relationship to adult risk factors is in progress.

Chile

The role of the composition of the daily diet and more specifically the fatty acids in the diet
on the risk of obesity was investigated by Eic Diaz and colleagues 7 at the Energy
Metabolism and Stable Isotopes Laboratory, Institute of Nutrition and Food Technology
(INTA), University of Chile, Santiago, Chile. The hypothesis is that the type of fatty acids
ingested in the diet can modify the disposal of lipids in the body and that this may be an
additional factor in worsening the insulin resistance. The effects of changes in dietary fatty
acid composition on macronutrient oxidation were studies in normal weight and 6 obese
adult women aged between 30-45 years. The study followed a cross-over design of one
baseline measurement and two week periods of supplementation with either canola oil or
sunflower oil with a washout in between followed by the other oil. The intervention trial
comparing sunflower oil with canola showed significant modifications of plasma fatty acid
profiles depending on the oil supplemented. No differences were observed between controls
and obese. However the control subjects had higher fat oxidation with sunflower compared to
canola treatment, while the obese women showed higher carbohydrate oxidation associated
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with a areater insulin response during the sunflower treatment. Significant changes in plasma
n6/n3 fatty acids 6/n3) ratio wee observed. The higher fat oxidation in controls was
associated positively with changes in plasma n6/n3 ratio while the higher insulin response in
the obese was not associated with changes in plasma n6/n3 ratio.

China

The risk factors for obesity in Chinese adults with obesity becoming and important public
health concern in China, is being investigated by Guansheng MA at the Institute of Nutrition
and Food Hygiene, Chinese Academy of preventive Medicine, Beijing China [8]. The basic
premise for this investigation is the recognition that dietary energy and fat intakes and
physical activity levels play a critical role in overweight and obesity which in turn is a risk
factor for hypertension and NIDDM. The objectives of the study were to compare dietary
intakes, physical activity patterns, anthropometry and plasma insulin, leptin and lipid profiles
between normal weight, overweight and obese adults based on BMI. 152 adults aged 35-52
years of both sexes were studied. Comparison of overweight and obese groups in China
showed that they have significantly greater BMI, waist, hip, waist/hip ratio, percent body fat
than normal weight group. Their total energy and fat intakes were greater that that in the
normal weight group, while they expended much less calories that the normal weight group.
These obese had significantly higher risk of hypertension, and showed higher fasting insulin
and leptin levels that the normal weight group.

Cuba

The IAEA research contract with Cuba was to investigate the energy requirements and
physical activity levels of active elderly adults in rural areas of Cuba. This investigation was
lead by Manuel Hernandez-Triana of the Institute of Nutrition and Food Hygiene at Havana,
Cuba 9]. The collaboration was South-South with INTA in Chile. Elderly subjects aged 60-
74 years (n=48) of a rural mountain community of Western Cuba (Las Terrazas) were studied.
They showed impaired glucose tolerance in 40% and hypertension in 23%. Estimates of Total
Energy Expenditure (TEE) by Doubly Labelled Water (DLW) and Physical Activity Levels
(PAL) were much higher than that reported for similar age groups in other studies, while
PALs estimated from questionnaires underestimated TEE as compared to PALs measured by
the DW method. Dietary energy intakes were underestimated by II% for women and by
55% for men compared to TEE by DLW`.

Nigeria

This investigation on the 'Relative contributions of energy expenditure on physical activity,
body composition and weight gain to the evolution of impaired glucose tolerance into frank
diabetes' is being carried out at the Department of Paediatrics Institute of Child Health,
University College Hospital, Ibadan, Nigeria [10]. The investigation is lead by Adeyem in
Nigeria and is another example of South-South collaboration and co-operation under the
JAEA CRP programme as this study in Nigeria is linked with Tropical Metabolism Research
Institute (TMRU) in Jamaica. One year of follow-up of a lean cohort of adults (BMI 21-22)
in Nigeria has shown increase in body weight and BMIs, increased prevalence of overweight
from 21.3% to 23.9%, increased prevalence of obesity from 52% to 77 ad increased body
fat (fat mass and percent body fat mass). The follow-up also showed a change in physical
activity levels with increased fasting insulin and insulin-glucose ratios but no increase in
HOMA-IR. Body weight changes have occurred without any worsening in the glycaemia
status. The conclusions are that the population is yet to reach the BMI threshold above which
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worsening of glycaemia status accompanies the increases in weight gain. A further follow-up
over several years would be required.

Jamaica

A similar follow-up of adults to examine the relative contributions of energy expenditure on
physical activity, body composition and weight gain to the evolution of impaired glucose
tolerance into frank diabetes is also being carried out at the Tropical Metabolism Research
Institute (TMRU), University of West Indies, Mona, Kingston, Jamaica [11]. This
investigation is being lead by Terrence Forrester and has a collaborator (Farook Jahoor) in the
North at the USDA Children's Nutrition Research Center, Houston, Texas. In a sample of 614
adults 239 men and 375 women) anthroponietry and body composition, energy expenditure
budgets and OGTTs were carried out. Follow-up 4 years later of the cohort of urban Jamaican
adults showed that the prevalence of Impaired Glucose Tolerance (IGT) and frank diabetes
increased over the same period. Lower physical activity was significantly associated with
poorer glucose tolerance status. All adiposity variables e.g. BMI, percent fat and waist
circumference predicted worsening of glucose tolerance for men whilst change in waist
circumference predicted worsening status in both men and women. It was concluded that
interventions to improve levels of physical activity are crucial to reduce the burden of chronic
diseases including obesity and NIDDM.

India

The IAEA CRP contract in India is being lead by Chittaranjan Yajnik at the KEM Hospital
Research Centre in Pune and is investigating the relationships between total body fat, plasma
pro-inflammatory cytokines and their role in insulin resistance in Indians 12]. Like the study
in TMRU, Jamaica this study also establishes a South-South Collaboration with St. Johns
Medical College, Bangalore with Anura Kurpad and All India Institute of Medical Sciences
(AIIMS) New Delhi with Anoop Nfisra. It also has North-South collaboration with John
Yudkin at University College, London and Prakash Shety at London School of Hygiene 
Tropical Medicine. The hypothesis that drives this investigation is that excess risk of insulin
resistance in urban as compared to rural populations in India is explained by the increased
total body fat in the former and that the increased total body fat results in insulin resistance
which is mediated by changes in circulating pro-inflammatory cytokines. Studies in Pune,
India in 3 different communities (rural/urban slum/urban middle class) showed that the
prevalence of obesity and central obesity progressively increased from rural to urban slums to
urban middle class men. This was reflected in increasing prevalence of diabetes 0,4 and
10%), impaired glucose tolerance 9, 12 and 20%), hypertension 2 4 and 10%) and plasma
cholesterol and triglyceride levels respectively. Body fat percent was a significant predictor of
increasing cardiovascular risk in these populations- central obesity increased the risk further,
although to a smaller extent. The study concludes that measurement of body fat and its central
distribution by appropriate isotopic and other methods should form an essential part of further
studies of insulin resistance and CV risk in South Asians.

Maoris and Pacific Islanders

Elaine Rush of the Auckland university of Technology, New Zealand leads the IAEA-CRP
investigation on 'Central obesity and risk for NIDDM in Maori, Pacific Island and European
young men in New Zealand' 13]. This study compares the characteristics of normo-
glycaemic young men aged 18-27 years of Maori, Pacific Island and New Zealand European
decent (n-- IO in each group). It showed that an increased body fat content and central obesity
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were associated with measurements of glucose, insulin, lipids and leptin indicating an
increased risk of NIDDM. Central obesity was negatively associated with dietary fibre intake.
TEE data using the DLW method have been carried out but are in the process of being
analysed. Body fat content and distribution of body fat predicted at a young age the increase
in risk of NIDDM in all three ethnic groups. Further investigations are required to investigate
differences between groups.

Conclusions

The following conclusions can be arrived at from the preliminary data emerging from several
investigations in a range of countries in the Latin American the Caribbean, the African and
the Asian Far Eastern regions of the developing world:

• This IAEA-CRP offered a unique opportunity for studying physical activity, body
composition in relation to insulin resistance (NIDDM risk) and obesity risk in 7 different
countries (Tablel) using stable isotopic and other techniques to investigate physical
activity patterns and total energy expenditure and body composition and anthropometric
characteristics.

• The IAEA-CRP provided an opportunity to use standardized protocols for body
composition and physical activity measurements as a risk factor for chronic diseases
(obesity and NIDDM) in several developing countries despite variations in age, ethnicity
and geographic locations of the study populations.

• The preliminary results of this IAEA-CRP activity confirms the increasing risk of obesity
and NIDDM in developing societies due to changes in diet and physical activity patterns
and suggests that total body fat and its topography are perhaps the most important
predictors of the evolution of insulin resistance syndrome.

The current IAEA-CRP programme on "Application of stable isotopic techniques in the
prevention of degenerative diseases like Obesity and NIDDM in developing societies' in
addition demonstrates that both North-South and South-South collaboration and co-operation
can be very successful under International programmes like these.
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TABLE 1: COMPARATIVE INTERNATIONAL STUDIES FO OBESITY AND
NIDDM UNDER THE IAEA-CRP IN DEVELOPING COUNTRIES.

Developing Countries Objective of the IAEA-CRP Investigation
Brazil The effects of childhood malnutrition and adult risk factors
Mexico The effects of socioeconomic differentials on adult risk factors
Chile The composition of the daily diet specifically fatty acids in the

diet on obesity
China The physical activity of adults as risk factors for overweight and

obesity
Cuba Total energy expenditure as risk factors for chronic disease in

older adults in rural communities.
Nigeria The influence of physical activity on weight gain and obesity
Jamaica The influence of physical activity on the evolution of frank

diabetes from impaired glucose tolerance
India Body composition and the role of inflammatory cytokines on

impaired glucose tolerance
Maori Pacific Island Comparison of energy expenditure of Maori and Pacific Island

with New Zealand adults of European descent.
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