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ABSTRACT Polynesian Mew Zealanders have a high pre-
dispasition 1o ohesity which may reflect an evalutionary de-
velopment of more elTicient far deposiiion. We hypothesised
thai ME Polynesian women would oxidise relatively more
carbohydrate than their Caucasian coumterparts bath al nest
and during exercise. Study subjects were 39 Polynesian and
A0 Caucasian healthy female volunieers aged between 18 and
27 v with a wide range of famess. Metabalic fuel mix was
assessed from the respirtony exchamge ration (RER} and the
proparizen of "C in expired breath 00,00, a1 rest and
during three bevels of exercise, Seven-day diet dianes wene
used o assess dictary intake of carbabyedrate, fat and °C en-
riched sugars, Resting "C0,00, was significantly canme-
lated with the prapartion of ennched sugar in the dietary car-
bohydrate {r = .34, p= 0003} Resting “00,"C0, adjusted
for ennched sugar intake was significantly comelated with
RER (R = 0.45, p = 0001} Ethnicity was nol a signifbeant
predicior of adjusted 00,500, at rest oF during exerciss,
whereas degree of central adiposity, measured as the
subscapular-to-triceps skinfold mtio, and percemage body (a2
were significant. Differences in metabolic fuel mix were sc-
counted for by differences in the diet, body fat and distribu-
tion of the body fai.

INTRODUCTION

In simple terms weight gain will only occur
ifthere iz along term excess of energy intake over
energy expenditure, Any differencesbetween the
nutrients being oxidised as fuel and the propor-
tions of these nutrients in the diet imply changes
in body composition even under conditions of
nutrient halance. De novo lipogenesis (Flatt et
al., 1985 ; Acheson et al., 1987) does nol appear
to be an important factor in relation to weight
gain, It follows that fat intake must equal fat oxi-
dation for body fat stores to remain constant.

Tthas been hypothesised (Wade et al., 1990)
that high rates of carbohydrate utilisation may

predispose a person to excess fat storage. Further
it has been suggested (McGarvey, 1991; Dowse
et al., 1992) that in Polynesian people, a high
predisposition to obesity may reflect an evolu-
tionary development in energy storage metabo-
lism resulting in the conservation of energy dur-
ing famines and efficient fat deposition in times
offood abundance. This “thrifty genotype” origi-
nally hypothesised by Neel (1962 ) may in paral-
lel withenvironmental changes in dietand physi-
calactivity help explain the increasing and greater
prevalence of obesity in New Zealanders of
Polynesian origins. In other words, genetically
determined differences in metabolic fuel mix in
asanciation with a high fat, low exercise environ-
ment will favour the development of obesity
{Favussin, 1995),

We hypothesised that if Polynesian women
exhibit this aspect of the thrifty genotype they
would oxidise relatively more carbohydrate than
Caucasian both at rest and during exercise. We
assessed metabolic fuel mix in two ways, Firstly,
by measuring the respiratory exchange ratio (the
ratio of expired carbon dioxide to oxygen up-
take)under fasting conditions and secondly, from
the proportion of "*C in expired breath (Barstow
etal., 1989) with account taken of enriched car-
bohydrate intake in the diet.

METHODS
Subjecrs
The study was approved by the University of
Auckland Human Subjects Ethics committee and
the Auckland Institute of Technology Ethics
Committee, Study subjects were 82 healthy
female volunteers aged between 1B and 27 vy,
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selected for ethnicity and body size by personal
contactand advertisement. All subjects gave their
free and informed consent. Measured resting
blood pressure and fasting blood glucose were
within normal limits for all subjects, i.e., diastolic
blood pressure and fasting blood glucose were
within normal limits for all subjects, i.e., diastolic
blood pressure was not > 90 num Hg and fasting
blood glucose was < 5.7 mmol/L. Forth-teo iden-
tified themselves as New Zealand European, 40
as Polynesian (22 Samoan, 12 Maori, 3 Tongan,
2 Minean and 1 Cook Islander). Twenty-one and
20 in these respective ethnic groups had a
BMI=30,

Protocol

Two weeks prior to the present investigation
measurements were made of resting blood pres-
sure and fasting blood glucose and O labelled
water was administered orally. At this time stand-
ing height was measured to 0.1 cm with a
stadiometer, weight was measured to 0.025 kg on
a beam balance with the subject in minimal cloth-
ing skinfold thicknesses were obtained. Weight
was checked for stability seven days later. Sub-
jects arrived by the car at the exercise laboratory
in the morning after an overnight fast. They were
asked to refrain from exercise on that morning.
Water was allowed ad libitum. The laboratory
was air-conditioned and at a constant tempéra-
ture of 21.5°C. Barometric pressure and humid-
ity were measured before each set of measure-
ments. Subjects were familiarised with the re-
quired procedure and briefly walked on the mo-
tor-driven, variable speed treadmill (Quinton
Instrument Co., Seattle, Washington) tochoose a
comfortable walking speed which was usually
between 3 and 4.5 kmvhour. Heart rate was moni-
tored using a portable cardiotachometer. Sport
Tester PE3000{ Polar electro, Kempele, Finland).
The walking exercise protocol was devised so
that all subjects expenienced approximately the
same exercise stress and that their heart rafe was
kept below 135 beats per minute (bpm) to aveid
a lactie acidosis. In healthy, sedentary individu-
als blood lactate rises abowve resting values when
the exercise intensity exceeds 30-60% of maxi-
miim oxygen consumption or a heart rate of 60-
70% of maximum (Wilmore and Costill, 1994).
The predicted maximum heart rate for women

aged 27 was determined using the Lange-
Anderson | Lange-Andersonetal,, 1971) formula:

Maximum heart rate = 210 - (0,65 = age in
years) beats per minute,

A conservative maximum allowable heart
rate of 135 bpm was chosen forall subjects so that
potential discomfort was minimised especially
for the larger, unfit subjects, Cardiorespiratory
measurements were made throu I the test. The
subjects wore a noseclip and breathed through a
mouthpiece connected via a twoway Koegel res-
piratory valve (Ewald Koegel Co., TX) to an
open respiratory system. Room air was inspired
through the valve and expired gas was directed
through a manifold with taps to five Douglas bags.
The subject initially sat on a chair on the tread-
mill and listened to quiet music with the noseclip
and mouthpiece in place. The measurement pro-
tocol started when the heart rate had been stable
for at least ten minutes. Four further minutes of
stable heart rate were recorded before the first
five-minute expired air collection into a Douglas
bag was obtained, followed one minuie later by
another five-minute collect into the next Douglas
bag. The subject then was asked to stand and
wialk onthe treadmill at the individually predeter-
mined speed for six minutes on the level (exer-
cise 1)and then six minutes each at two gradients
[exercise 2 and 3). The two gradients were cho-
sen empirically for each subject so that the heart
rate increased with the final heart rate less than
135 bpm. A stable state at each exercise level is
achieved after 4 minutes (Shephard, 1982) and
expired gas was collected for the lasttwo minutes
at each level. All measurements on all subjects
were made by the same investigator,

Anthropometry and Body Composition

Skinfold thicknesses (triceps, biceps,
subscapularand suprailiac) were measured as the
average of triplicate measures using Harpenden
calipers and standard techniques (Durnin and
Womersley, 1974), Total body water( TBW ) was
determined by stable isotope (oxygen-18) dilu-
tion using the multipoint slope/intercept method
asdescribed by Coward (Coward etal, 1994). An
initial dose of 1.5g/kg of 10.16% H,"O(Enritech,
Weizmann Institute of Science, Rehovot, Israel)
of fat free mass predicted from the anthropometric
measurements was given. Timed urine samples
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were collected four and five hours after dose
administration and then 2,5,7 and 14 days later.
These were the points used to determine the oxy-
gen- 18 dilution space which was divided by 1.01
to give TBW. Fat mass (FM in kg), fat free mass
(FFM in kg) and percentage fat were determined
using the assumption that FFM is 73 per cent
water.

Respiratory Exchange Ratio (RER)

The collected expired gas was sampled
sequentially from each bag via a small tube con-
taining granulated anhydrous magnesium
perchlorate, The dried gas was then passed at 200
mL/min through, in arm, a paramagnetic oxygen
analyser {Servomex OASTD, Taylor Instrument
Analytics Ltd. Crowborough. Sussex, England)
and then an infrared carbon dioxide analyser
{Medical Gas Analyser LB2, Beckman Instru-
ments Lid IL, USA). The gas analysers were cali-
brated against known gas standards (5.00% CO,
and 14.90% 0.), pure nitrogen, and fresh air
(0.03% CO, and 20.94% 0.), The volume of gas
in gach Douglas bag was measured by drawing
the gas through a coal gas meter. This meter was
calibrated and checked for linerity againsta Tissot
bell spirometer. Volumes sampled for gas analy-
ses were added to the volumes measured. Oxy-
gen uptake (VO,) and carbon dioxide output
(VCO,) at standard temperature and pressure dry
(STPD, 0°C, 760 mmHg) were calculated from
the parameters measured and the RER derived.
VO, and VCO, atrest were taken as the average of
the two five-minute collections. Bazed on these
duplicate measurements the precision {coefficient
of varation) for RER was 4.6%.

Exercise [ntensity

The intensity of exercise for each subject
was determined by dividing the exercise VO, by
the averaged resting VO,

"CO,/MCO, Ratio

Subsamples of 350 mL of expired gas were
taken from each Douglas bag for later analysis of
the *CO/"*CO, ratio. These samples were stored
for as short a time as possible in foil bags with a
tap. Testing the gas composition in one bag over
a number of days showed no change. The ratio

was determined using isotope ratio mass
spectrometry  (Tracermass, Europa Scientific

Inc., Crewe, England). It is standard practice to
measure "'C isototic abundances against a de-
fined standard. All values of the “CO,/*CO), ra-
tion are expressed as either positive or negative
per mil (%) relative differences (delta units) from
the standard according to the formula :
"C‘DEF"CDII{d:]m units) = 10000 = (Ru - Rs)/

" Rswhere Ru, Rs refer to the ""CO_/MCO, ratio for

the unknown sample and the defined ;tandard,
respectively. The reference standard 15 Pee Dee
Belemnite Limestone. The coefficient of varia-
tion for the measurement of the “CO,/MCO, ratio
as estimated from analysis of the dupfica:e Doug-
las bags taken at rest was 1%4.

Nutrient Inrake

Self-reported seven-day food diaries, using
houschold measures, were kept by the subjects
during the first seven days of energy expenditure
measurement by doubly-labelled water, The sub-
jects were carefully instructed on how to fill in
the diary and the diary was reviewed with them at
the end of the seven-day collection period. Fol-
lowing guidelines reviewed by Mackerras
(Mackerras, 1991). The energy-producing food
components of relevance to this study were pro-
tein, fat, available carbohydrate and ethylaleohol.
To quantitate these components a Machntosh
computer programme (Diet Balancer™ ) was used
with food composition data manually entered from
the NZ Food Tables (Burlingame et al, 195%4).
Mew Zealand energy conversion factors were used
to convert grams of nutrient to energy. The good
quotient (FOY) was calculated for each subject
from the proportion of total energy intake de-
rived from each of the macronutrients ; Protein,
carbohydrate, fat, and aleohol {(Black etal., 1986).

Rarig of Enriched to Toral Carbohypdrare

Asmaize and cane sugars are enriched in "*C
(Schmidtetal., 1986; Schoelleretal., 1980) com-
pared to other dietary components (- 12 vs-22%)
an analysis of any differences in the "C0,/CO
ratio needs to take individual dietary sources o
carbon into account, In Wew Zealand all readily
available sucrose is derived from the four-carbon
sugars maize and cane. In foods containing car-
bohydrate from maize and cane the proportion of
enriched carbohydrate in the total weightof each
food was determined using estimates based on
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the food tables, e.g., cakes and biscuits were es-
timated as 25g/100g of the food. Using these
proportions the seven-day food diary for each
subject was analysed to derive a ratio of amount
of enriched carbohydrate to total carbohydrate
intake (C,CHO/total CHO).

Statistical Analysis

All data in the text are expresscd as means
standard deviation (5D) unless otherwise stated.
The Pearson correlation coefficient and multiple
linear regression analysis were used to investi-
gate relationships between selected variables,
Student'sttestand analysis ofvariance (ANOVA)
were used where appropriate to compare ethnic
groups. Statistical significance wassetatp<0,.05.
Analysis were carried out using the Statview
2124 ™ gnfiware package | Abacus Concepts Inc.,
CA, USA) and PC-5AS v.6.04 (SAS Institute,
Cary, NC, USA).
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RESULTS

Of the 82 subjects recruited 3 subjects were
excluded from the analysis because of failure to
return food diaries (one Polynesian, one Cauca-
sian)and anexcessively high result for the resting
breath analysis of the “CO/"CO, ratio (one
Caucasian). Physical characteristics (Table 1)
were similar for the two ethnic groups except that
the Polynesian women had significantly higher
fat-free mass (p = < 0.0001), and fasting blood
glucose concentration (p = 0.0016).

As expected the intensity of exercise as a
multiple of resting oxvgen uptake increased at
each level as did RER (Table 2). The Polynesian
women exercised at a greater multiple of their
resting oxygen uptake during exercise 1 than the
Caucasian women but there was no significant
difference in RER between the groups at rest or
during exercise. No statistically significant cor-

Table 1@ Physieal characteristics of the Polynesian and Cauveasian women®

Characterislic Polynesion (n = 38 Crucasian o = 4§
Height (e} 166.5 & 6.2 {1534 - 178.2) 1648 & &4 {1530 - 18D.2)
Weight (kgh 847 £18.3 (362 - 130T TR 2214 (481 - 38/3)
Age (v 2 &+ 2 (18 - 25) 2k 3 (18 - 27}
B3 (kg'md} T &« 7.5 (19.8 - 51.8) 2874 T8 {165 - 480
Body fat (%) mE £ 74 (260 - 54.0) 40.2 = 10.0 (22.2 - 59.3)
Fat mzss (kg) MO £135 (156 - T.01) 334 2173 {109 - B2
Fai-free mass (kg) 0.7 £ 4. (37.0 - 64.1) 440 £ pE (305 - 57.5)
Subscapularfiriceps rafio 1.2 & 027 (a4 - 1.77) 085 £ 025  (0.38 - 1.45)
Fasting glucose (mmaolL) 4.3 + 0.3 (29 - 5.3) 39+ Qb (29 - 51)
Systole blood pressure (mmHg) 17 + & (105 - 130 10 & 9 (105 - 140}
Diiastolic blood pressure (mmHg) 7 & b l_ﬁS - BE;I TR & {63 - 90)
Resting heart rate (bpm) TS £11.0 (31 - 94) MO 2110 (51 - 100y

* Mean & 5.d.: range in parentheses. MBI, body mass index.

b Significantly different from Polynesians. p < 0002 (teo-sample independent 1 best),

Table 2: Respiratory exchange ratio (RER) and exercise intensity as a multiple of resting oxygen uptake af rest and
during exercise for Polyneslan and Caucasian women"

RER Exercise intensiiy
Polynesian Cromucasion I Polynesian Caucasimn a
fn o= 39 frm = 40 fm = 394 =4

Rest 0.79 = 006 081 =007 0,30
Exercise | 0.81 =005 0.81 = (u0G 0.98 186 + 0.61 352 & D33 0.0
Exercise 2 0.84 £ Q06 0.85 & (.03 0.83 477 & 0.75 448 & 060 007
Exercise 3 0.87 # 0.05 0.88 = .08 075 5620090 541+ 104 038
* mean & 5.

® 1 test for comparison of ethnic groups
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relations were seen between the intensity of exer-
cigse and percentage body far indicating thart all
subjects were exercised to similar levels.

Figure | shows the changes with exercise
level of the "CO,/"*CO, ratio in expired breath
for the two ethnic groups. & two-factor (ethnicity
and level ofexercise) repeated-measures ANOVA
demonstrated that the pattern of change of "CO,/
"*CO, with exercise was the same in both groups
(p=10.51). For both groups the ration fell signifi-
canily during the fifth and sixth minutes of exer-
cise |, when the sample was taken, and rose again
as the work rate and time increased {p < 0.0001).
At all exercise levels the ratio was lower for the
Caucasian women, although not reaching statis-
tical significance (p = 0.08).

Foiynasan
Faat  Ext

Caucasian
Exi Exd PRaem  Enl Exz )

Fig 1, "COMCO, ratio for 39 Polynesian and 40 Cau-
casian women measured in expired breath ol resl amd
during three levels of exercise (mean = s.d)

The two measures of metabolic fuel mix,
RER and "CO,"CO,, were uncorrected of the
Polynesian groups at all levels of exercise (Table
3) but significantly correlated for the Caucasian
group except at exercise level 1.

For the Caucasian women, percentage body
fat was positively related to the "CO,"*CO, ratio
atexercise levels 2 and 3 {Correlation co-efficients

0.31 and 0.33, respectively). For the Polynesian
women at the three levels of exercise percentage
body fat and CO,/"CO, ratio were not signifi-
cantly cormelated.

Table 3: Corrplation coeificlents (r) between enrichment
of breath OO0, and respiratory exchange ratio
at rest and during exercise for 3 Polynesian

and 40 Cavcasinn women

Polywesian Caneciasion
-_— : L
Hest 014 0.4l 0.d3 0.003
Exercise | -0.14 0. 34 17 .29
Exercise 2 0,03 0.87 0.35 .03
Exercise 3 =004 By 0,32 [T

In table 4 the diet diary analysis of energy
intake 15 summarised and the percentage of
energypruvldedbypmtein.ca.t‘l:rohydraté'.'famnd
alcohol shown. Three were very significant dif-
ferences between the ethnic groups with reported
total energy intake (p = 0.0003 ) and the percent-
age of tofal energy intake supplied by fat (p =
(.00 7} in the Caucasian groupbeing less than that
for the Polynesians. Energy intake from fat was
1.0 MJ/day higher in the Polynesian group (p =
0.0001). For the Polynesian women there was a
positive relationship between the percentage of
energy intake derived from fat and total daily
energy intake (r = 0.58, p = 0.0001). This rela-
tionshipwas notas strong for the Caucasian group
(r=10.36, p = 0.02). Twenty-four (9 Polynesian,
15 cawcasian) of the 79 subjects drank alcohol
{20+ 56, range 7-413 g per 7 days). Table 4 also
shows that the proportion of carbohydrate intake
that was in the form, of simple, C, enriched sugar
and the FQ) were similar for the two ethnic groups.

The proportion of enriched sugar in the di-
etary carbohydrate was significantly related 1o
resting breath "CO"C0, (r= 033 p = 0.003).
Adjustment of the "CO,MCO, ratio for the in-
take of enriched sugar by multiple regression
analysis produced a strongerrelationship between
BCO,MCO, and the RER (r = 0.45, p = 0.0002)
than when ""C0,/"*CO, was regressed on RER
alone (r = 0.28. p = 0.01). Ethnicity was not a
significant predictor (p 0.13) when included in
the multiple regression analysis.

Tahle 5 details the results of mutiple regres-
sionanalyses for predictors of breath "CO S SC0,
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Table 4: Diet-diary analysis of macronutrient intake for Folynesian and Cancasian women®

Polynesian fn = 39

s :-’n = 4}

Toial energy intake (Mj-day) 9431 & 146 (386 - 1452 TH & 1od"  [3HE - 10ED
Pratein (%6 ol total energy miake) 143 = 4.1 (5.9 - 36 4%+ 27 {14 - 138
Carbabydrate (% of total encrgy intake) 463 = 60 (3.2 - 6200 487+ 55 (332 - o

Fal (% of total energy intake) g5 = 59 (209 - 47.2) 351 & 51° (177 - 428
Alcohol (% of atal energy intake) 0y & 37 (0 - 154 1.3z 24 (0 - 8.9)

C, CHO ol CHOF e = 008 (0.0Z - 0.38) 015 £ 008 (002 - 038
Foudl (uotient DE38 = 0T (0LB29 - D507 OBed £ 0001G"  (00B30 - 0.904)

e —

‘mean o s, range m parentheses,

"Sagailicanly different from Polynesians, p < QU035 (two-sample independént | ).
“Ranio of Foar-carbon ennched carbobydrate 10 1otal carbohydrane.

Table 5 : Results of regression anabysis with “*C0, 40

1)
ethnicity, percentage body Tat, and logarithm o

rafio as dependent variable and eoriched sugar intake,
subsscapular to triceps skinfold ratio as independent vari-

ahles for 3% Polynesian and 400 Caveasian women i rest and during exereise.

Regression coefficients R/t SEE »
O CHE ol CHOR Ethnicin® Body fans) log STR Tntercep
Rest
5176 w LER2TY QlG]l £ Q316 =23.203 = 361 013 137 0000
LGl = 1 78* 0043 = 0.0017d -24 850 = 0776 018 1.33 0L0KHS
4R31 = | E5H 2455 £ 1T 22885 = 0.360 016 1.24 LR
Exercise §
TIOT £ | pae 0347 & (332 -23.460 = 0381 018 1 41 QL0060
TO55 & LTHF ike3 = 00017 -254973 £ 0783 029 1.3} <0001
0.2% = 1.903° 336 £ L2I0F 223058 = 0371 0.4 138 <0001

;:iF:l-. = o) standard error of estimare: 3 TR = subscapular to triceps skinfold ratio* ratio ol four-carbon 1o total carbahydrate:
dunnty codes are | and O for Polymesian and Cawcasian subjects, respectively: “estimated regression coeificiont + siandard

ermor of eatimade 4 pei02 ;¢ gl 005, I'-|;|-\:I:I_I:|E.

ratio both atrestand during exercise level 3)atter
adjustment for the effect of enriched sugar in-
take. Ethnicity was not a significant predictor
while percentage body fat and the logarithm of
the subscapular to triceps skinfold ratio were sig-
nificant both at rest and during exercise. At rest,
liver glycogen is the dominant source of carboby-
draie and after exercising for 15 minutes it is more
likely that the carbohydrate being bumt-would be
muscle glycogen. Muscle glycogen has a slower
turmover rate than liver glycogen and therefore
would better reflect long-term averaged intake of
enriched carbohydrate. The relationship berween
"CO,MCO, for exercise 3, reported intake of
sugar and ethnicity accounted for five percent
more of the variance (R*=0.18) in the delta value
than the model at rest (R7=0.13), When the loga-
rithem of the subscapular to wiceps skinfolds ratio
replaced ethnicity in the model a better fir (F=
00.24) was obtained. The variance explained rose
to 29% when percentage body fat replaced the

subscapular o triceps skinfold ratio as a predic-
tor and the positive regression co-efficient indi-
cated that the fatter women burmnt more carbaly-
drate. Thus it was not ethnicity that determined
fuel mix but percentage body fal and body fat
distribution.

MSCUSSION

The present study was designed to explore
the hypothesis that New Zealand women of
Poynesian origin oxidise relatively more carbo-
hydrate atrestand during exercise than their coun-
terparts of European origin, The metabolic fuel
mix was assessed by measuring the respiratory
exchange ratio ad the "C enrichment of expired
breath carbon dioxide. Analysis of dietary intake
allowed account to be taken of the relative pro-
portion of enriched sugar in the dietary carboliy-
drate,

The naturzl enrichment of breath CO, with
""C at rest and during exercise was consistently
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higher in the Polynesian women than the Cauca-
sian, although statistical significance was not quite
reached. In the Caucasian group “C enrichment
and RER were positively correlated ai rest and
after 10 minutes of exercise while these varables
were uncorrecied for the Polynesian women, As
the simple sugar forms of carbohydrate are more.
enriched in “C than complex carbohydrate it was
mecessary that account be taken of simple sugar
intake. With adjusiment for diary intake of en-
richmentand RER is strengthened. Ethnicity was
not & significant factor in predicting "*C enrich-
ment in expired breath, By either measure, RER
of the adjusted "“C, Polynesians did not burn pro-
portionally more carbohydrate than Cauca-
sians. The degree of central adiposity of all sub-
Jjects (irrespective of ethnicity) measured as the
logarithm of subscapular to triceps skinfold
(Haffmer etal., 1992) was a significant predictor
of breath "C enrichment adjusted for enriched
carbohydrate intake at rest and with continued
exercise. Similarly, those with a greater percent-
age body fat tended to burn more carbohydrate,
These tewo measures of latness are interrelated
and therefore were not included simltaneously
in the same model. The higher B values obtained
for the prediction of breath "C enrichment after
13 minutes of exercise suggests that muscle gly-
cogen better reflects long-term averaged dietary
intake of enriched carbohydrate,

These results suppot the hypothesis that less
enriched fuel {iLe., lipid) is oxidised when RER is
lower. Barstow et al, { 1989) had put forward the
same hypothesis but with the sample size in their
study they were not able to show this relation-
ship. Schoeller and colleagues (Schoeller et al.,
1984) have presented evidence that resting breath
*C is above to be predicted from the "*C
enrichments of plasma macronutrients - glucose.
Lipid and protein. However during the first 30
minutes of exercise their predicted value of VO
enrichment computed from plasma metabolized
sugpested that more lipid was metabolised bt
the respiratory gas ratios measured at the same
time, indicated increased carbohydrate oxidation.
Bomiyjnand colleagues (Romijnetal., 1992} have
further confirmed that breath "*C 15 a measure of
subsirate oxidation in stable states bul found that
15 to 20 minutes were requined to reach a platean
value of “C during exercise at 80-85% of

maxirmum oxygen uptake. As the exercise period
and levels in the present study were less than this
the "C changes cannot be related to absolute
changes insubsirate metabolismbut the trend can
be seen. [tis interesting that the Polynesian group
exhibita small but statistically significant higher
level of glucose in theirblood in the fasting state,
albeit within normal limits. Does this correlate
with insulin resistance, greater glycogen stores,
burning carbohydrate preferentially or another
ethnic difference such as body fat distribution?
In-depth studies measuring these varizbles more
accurately under controlled conditions are needed
to answer these questions,

Our study has shown that with the onset of
excrcise the natural enrichment of breath CO,
falls within the first & minutes then has risenagain
12 minutes after the start of exercise {Fig. 1). This
phenomenon has also been shown by other groups
[Schocller et al, 1984 ; Barstow et al, 1989;
Romijn et al., 1992, Wagenmakers et al., 1993 )
with the explanations independently offered by
Schoeller and Barstow that changes in the size
and dynamics of carbon dioxide stores are re-
sponsible. An extensive literature search has not
keen able to find any direct measures of the car-
bon isotope entichment of glycogen and fat stores
in the human. Schoeller (Schoeller et al., 1984)
suggests that, as 60% of the resting bicarbonate
pool is in skeletal muscle and the preferred poal
is in skeletal muscle and the preferred metabolic
of muscle is the isowpically light lipid, at the
onset of exercise, increased blood flow 1o skel-
etal muscle will increase the fractional elimina-
tion rate of carbon dioxide from both these
sources. It still remains possible that the change
in "*C enrichment at the onset of exercise may be
due to a switch from liver glycogen which aver-
ages 70 g inanadult, to exercising muscle glyco-
genwhich is in the order of 200-300g as the major
carbohydrate fuel, plus increased intramuscular
lipid oxidation which is not reflected in the respi-
ratory gas exchange as measured at the mouth,
Fomijn etal. (1992) fed enriched cornstarch and
" labelled glucose to glycogen-depleted sub-
jects and caleulated that during exercise 89% of
the carhohydrate oxidised came from skeletal
muscle glycogen. Gay and colleagues who fed
subjects a diet high in naturally enriched carbo-
hydrate (Gay et al., 1994) calculaie that the
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enriclunent of the carbohydrate oxidised 25 min-
utes after the start of low intensity exercise (walk-
ing4 kmv/hrand 10%slope) is approximately 309
lower than the enrichment of the carbohydrate
oxidised at rest pointing to a shift in the stores of
carbohydrate metabolised. Samples were not
taken by these investigators between rest and 25
mminutes 5o this change could have occurred be-
fore then.

The rezpiratory exchange ratio in this study
was not adjusted for protein metabolism. As
Garrow points out (Garrow, 1988) “the assump-
tion that the quantity of carbon dioxide exhaled
and the urea excreted relates to the same batch of
fuel as that which the oxygen utilised is of doubt-
ful validity”. The bicarbonate and urea pools in
the body are relatively large and the rate of excre-
tion of these compounds does not necessarily
match the rate of production, at least over times
of less than an hour. Thus the measurement of the
respiratory exchange ratio has inherent errors in
assessing the metabolic fuel mix as does the 'C
enrichment. Toreduce the error longer term meas-
ures of respiratory exchange ratio and the "'C
enrichment would need to be made and ideally
would require the subject to be in a whole body
calorimeter, with subject to be in a whole body
calorimeter, with a contolled dvet.

This study has shown that with exercise the
enrichment of breath CO, is related to body fat
percentage and distribution, Body fat distribu-
tion of the volunteers in this study is more central
in the Polynesian women than Caucasian. The
Polynesian women achieved higher exercise in-
tensity at the first two levels of exercise than the
Caucasian and this could be related to their higher
fat-free mass. Intensity of exercise showed no
significant difference when the influences of fat-
ness and body size were examined. This may seem
surprising in view of the potentially greater en-
ergy cosis of moving greater body mass but the
larger women did tend to walk ata slower rate and
the gradient of the treadmill was adjusted to at-
tain relatively the same increase in heart rate in all
subjects. There are at least four possible explana-
tions for the differences in breath "*C enrichment
between individuals and groups.

Firstly, there is interindividual variation of
expired '*CO/"CO, (Schoeller et al., 1980;
Schoeller et al., 1984) which is probably caused

by the variation of the enrichment o the food
eatenby each individual. Individual variation day
to day averages about 5%. Differences in fasting
RER {range (.79 - .87, n = 11} between women
on exactly the same diet have been measured
(McHMeill et al., 1988). Polynesian women re-
ported a greater percentage of energy intake from
fat and yet from their resting respiratory exchange
ratio and the adjusted “CO,"CO, ratio appearto
be buming the as carbohydrate/fit mix as the
Caucasian women. Diet diary analysis validation
by the doubly-labelled water method { Rush, 1997)
showed no difference between the ethnic groups
for the ratio of energy intake to total energy ex-
penditure. Schute and colleagues (Schutz et al.,
1989 have shown under very controlled circum-
stances that increased dietary intake of fat failsto
promote the oxidation of far. This means that
increased intake of fat is likely to vesult in in-
creased storage of fat and to favour the develop-
ment of obesity.

Secondly, if the various body stores of gly-
cogen(liver and muscle) and triglycerides (intra-
muscular and adipose) differ in their enrichment
values and size then any difference in the tissue
source of oxidative subsirate could result in dif-
ferences in "“CO, not related to changes in RER.
{Barstow et al., 1989). Polynesian women had a
higher fat-free mass than the Caucasian women
in this study and therefore may have relatively
larger glycogen stores.

Thirdly, the rate of change of RER with ex-
ercise is faster than the rate of change of “C0/
“C0, enrichment, This is because carbon diox-
ide iz stored in large quantities and between 3 and
5 different pools whose characteristics alter un-
der different metabolic conditions (Barstow et
al, I988). The mean residence time for a carbon
dioxide molecule in the body 15 between 60 and
G0 minutes. Are the dynamics and size of these
pools at rest and during exercise different be-
tween ethnic groups or associated with different
body fat distribution?

Finally, the amount of carbohydrate oxidised
could also be affected by sympathetic nervous
system activity and the action of insulin, Increased
levels of catecholamines increase mobilisation
of glucose at rest and during exercise, particu-
larly if the level of exercise is high. The resting
blood glucose was higher in the Polynesian women
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in this study, and whilst we did not measure fast-
ing insulin it is likely that this was higher in the
Palynesian women also (personal communica-
tion, D, Simmaons, 1997). In a study of 720 Cau-
casian men and women, Magy et al. (1996) have
shown that fasting insulin is inversely related to
fat oxidation.

The thrifty genotype hypothesis thatobesity
cannot always be attributed to gluttony and sloth
means that obesity should be considered as re-
sulting, at least in part, from factors associated
with metabolism substrate availability and genet-
ies "C enrichment of expired breath, adjusted for
enriched sugar intake, does tend to be less with
the lower RER values, which adds stremgth to the
hypothesis that the “CO/""CO, ratio in expired
breath is a measure of the fuel mix metabolised.
Analysis of the diet diaries indicated similar food
choices across the two ethnic groups (Gonelevu
et al.,, 1997). It is purported that an increased
intake of fat does nol suppress appetite vetitis the
maost energy richofthe four major nutrients, From
our data it appears that the higher the percentage
of fat in the diet the more likely that there will be
increased consumption of total energy. This is
particularly true of the Polynesian group and al-
though higher intakes may be due to a greater
honesty in reporting dietary intake of fat it still
means that Polynesians who eat more fat are
more likely to gain weight because of the greater
energy intake. The hypothesis that fatis stored as
fat, whilst carbohydrate is more readily metabo-
lised is supported by a number of investigators
whose publicationshave beenreviewed separately
by Westerterp and Schutz (Schutz, 1993; Schutz,
19935; Westerterp et al., 1995). Given that the
reported diet of the subjects in this study had an
average fat content of more than 35%, and the
intake of fatty, fast food (e.g. Mcdonald's, Ken-
tucky Fried Chicken, and fish and chips) was on
average 2 to 3 times per week it is to be expected
that this obesogenic environment linked with a
tendency to metabolise carbohydrate rather than
fat should result in subsequent weight gain, Lon-
gitudinal studies would be needed to confirm this.

In summary, this snedy supports the conten-
tion of a different metzbolism of carbohydrate
and fat in women with more central body fat and
maore fat. Apparent ethnic differences were ac-
counted for by differences in the diet {sugar),

percentage body fat and distribution of body fat,
Body fat is more centrally distributed in the
Polynesian women, A low ratio of fat to carbohy-
drate oxidation, and higher energy and fat intake
all could contribute to weight gain over a period
of time. The evidence provided here does sup-
pori the convention that women with more fat
{both percentage fat and absolure fat mass) and
with more fat in the central body area may burmn
relatively more carbohydrate than the leaner sub-
jects with relatively more peripheral fat. It is in-
teresting that the reported sugar intake correlates
well with the enrichment in the breath for both

groups yet the Polynesian group report that they
eatmore fat but cannot be shown to burn mwee fan.
Longitudinal studies of Polynesian and Cauca-
sian men and women over a wider age range and
with more precise measurement of dietary intake
&nd body composition are needed to explore these
relationships further.
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