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Abstract

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

1. INTRODUCTION

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

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

2. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

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

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

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

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

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

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

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

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

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

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

3. METHODS

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

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

4. PROPOSED WORK

4.1. General hypothesis

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

4.2. Specific hypotheses

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

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

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

their European counterparts.
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4.3. Study protocol

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

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

4.3.1. Anthropometry

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

4.3.2. Total body fat and fat distribution

Total body fat will be measured in two ways:

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

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

4.3.3. Resting metabolic rate

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

4.3.4. Total energy expenditure

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

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

4.3.6. Dietary intake

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

4.3.7. Data Analysis

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