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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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