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Glycemic index (Gl) as a classification of carbohydrate has been wildly received notice. In
the past ten years, many epidemiological studies have been shown strong connection between
high GI carbohydrate diet and cardiovascular diseases, diabetes, obesity, and cancers. The
above chronic diseases and symptoms are highly related to abnormal fat metabolism,
especially on obesity objects. This may be due to high GI carbohydrate induces massive
insulin secretion to facilitate fat storage. However, these epidemiological studies are in short
of clinical or experimental trials on the effect of Gl diet on the fat metabolism. In addition,
several studies have been shown the positive effects of low fat diet and exercise on fat
tolerance performance. However, these studies did not consider the nature of carbohydrate
source. Six healthy male subjects with normal weight was recruited in each study. Subjects
consumed either high or low Gl diet without exercise (HGI, LGI) or with exercise (HGI+EX,
LGI+EX) at 50%V02max for three days in a randomized order before undertaking the fat
tolerance test (OFTT). The results showed that exercise trials were effectively attenuated
postprandial lipemia. Glycemic index carbohydrate effect were no observed. However,
LGI+EX may improve insulin sensitivity.
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Introduction

The glycaemic index (GI1) was initially proposed in 1981 (Jenkins et al. 1981). The Gl of a
food is defined as the incremental area under the blood glucose response curve following the
intake of carbohydrate-rich food containing 509 available carbohydrate (CHO), expressed as a
percent of the incremental area under the curve (IAUC) of blood glucose response following
the intake of 50g CHO from the standard food (glucose or white bread, GI=100) as applied to

the same individual.

The GI of a mixed meal can be calculated from the contribution of single food to the whole
meal. The mixed meal Gl value calculation method was proposed byWolever and Jenkins
(1986) as follows,

TC: Total carbohydrate content of meal (in gram)

Gla, Glb, Glc, ---: Gl value of individual food

Wa,Wb,Wc¢,:--- : Carbohydrate content of each food (in gram)

Total Gl of the meal = (Wa/TC)*Gla+ (Wb/TC)*Glb+ (Wc/TC)*Glc+:--.

In a report published in 1998, the FAO and WHO recommended the use of the Gl as a method
of categorizing CHO foods because the Gl provides information on the likely physiological
effects of ingested CHO. The GI has been widely used for clinical nutrition, especially for
diabetics, and more recently in health promotion, because of the concerns over obesity,

cardiovascular disease and specific cancers.

Recently, the GI has been used as one of the key factors for in prevention of obesity, Type Il
diabetes, hyperlipidaemia, cardiovascular diseases and some specific cancers in the general
population (Brand-Miller et al. 2002; Pi-Sunyer, 2002; Leeds, 2002; Jenkins et al. 2002; Liu
and Willett, 2002; Willett et al. 2002). It has been suggested that high Gl foods are
detrimental to health due to postprandial hyperglycaemia and hyperinsulinaemia which can
lead to insulin resistance (Brand-Miller 2003).

In addition to epidemiological studies, nutritional intervention studies indicate that a low Gl
diet might be beneficial in maintaining normal blood lipid profiles in healthy subjects,
hyperlipidaemic subjects, diabetes mellitus patients, and patients with CHD (Jenkins et al.



1987; Wolever et al. 1992a; Frost et al. 1996; Frost et al. 1998; Jarvi et al. 1999). Ingestion of
low GI foods may be beneficial for weight control in two ways: by promoting satiety and by
promoting fat oxidation at the expense of CHO oxidation ( Holt et al. 1992; Holt et al. 1996;
Wee et al.1999; Ludwig et al. 1999; Brand-Miller et al. 2002; Ludwig, 2000; Febbraio et al.
2000). Some long-term studies in human and animal models have shown the benefit of low Gl
foods for weight control in obese populations (Wolever et al. 1992b; Slabber et al. 1994;
Kabir et al. 1998; Pawlak et al. 2001; Spieth etal. 2000).

Several studies have shown that consuming low Gl carbohydrate pre-exercise meal elicit
higher rate of fat oxidation when compared to ingestion of high GI carbohydrate meal during
postprandial period and during subsequent exercise (Febbraio et al. , 1996; Spark et al. 1998;
Kirwan et al. 1998; Wee et al., 1999; Kirwan et al. 2000; Wu et al., 2003). These evidences
might indicate that short term Gl diet possibly change metabolic responses especially on fat
metabolism. Recently, some studies demonstrated that the short term dietary manipulation
could significantly alter fat metabolism (Hardman et a, 1998; Gill et al., 2000, 2001; Koutsari
and Hardman, 2001). However, these studies did not consider the Gl value of carbohydrate in
the diet. Therefore, the study was to investigate the effect of different GI carbohydrate diets
and exercise on the fat metabolism. The study may provide a clinical evidence to support
those epidemiological studies on the effect of low Gl diet on fat metabolism.

An increased plasma concentration of high-density lipoprotein (HDL) cholesterol is the most
consistentalteration to the lipid profile evident following a program of regular aerobic
exercise (Durstine and Haskell, 1994; Leon and Sanchez, 2001). Kurtsari and Hardman (2001)
demonstrated a three-day high-carbohydrate diet (70% energy from carbohydrate)which
increased the postprandial triglycerides response to oral fat tolerance test by 35% when
compared to an isoenergetic three-day mixed diet (46% energy from carbohydrate). However,
30 min of daily moderate exercise for three days during the high-carbohydrate diet
intervention prevented the carbohydrate-induced augmentation in postprandial lipemia.
Several studies also demonstrated that the effects of daily exercise (60 min brisk walking)
might oppose the postprandial lipemia (Gill and Hardman, 1998; Koutsari et al., 2001; Gill et
al., 2000, 2001).However, these studies did not consider the Gls of the high-carbohydrate diet.
This study was aimed to examine the effect of daily exercise with different GI diets on the fat

metabolism.



METHODS

Subjects

Six healthy, inactive subjects with normal body fat were recruited in this study. The protocol
has been approved by the National Taiwan College of Physical Education Human Ethical

Advisory Committee and all subjects were given their written informed consent.

Experimental design

Subjects were asked to consume either high Gl or low GI diet with or without exercise for
three days in a randomized order before undertaking the oral fat tolerance test (OFTT). Each
trial was separated by at least one week. On the first day of the dietary control period, subjects
reported to the laboratory after 10-12 hours overnight fast. After obtaining subject’s height
and nude body mass, the dietary control period then began. All the foods were served by the
laboratory during the three-day dietary control. Three days later, on the day four, subjects
were asked to report to laboratory for the OFFT. Trial 1 and 2 was non-exercised trial (HGI
and LGl), and trial 3 and 4 was exercised trial (HGI+EX and LGI+EX) .

Trial 1 and 2 HGI or LGI diet without exercise 3days OFTT
Trial 3and 4 HGI or LGI diet with exercise OFTT
Day 1-3 Day 4

Fig 1. Trial Scheme.

Dietary control

Each subject received an isocaloric and isomacronutrient diet containing either high GI or low
GI carbohydrates during three-day dietary control. The energy content depends on subject’s
body mass which was set at 35 kcal/kg body mass and the macronutrients distribution is 55%
carbohydrate, 15% protein, and 30% fat. As the GI values for the mixed diet is calculated by
the method proposed by Wolever and Jenkins (1986), the Gl values for high Gl and low Gl
diet is 80 and 40 respectively. All the diet was prepared by the laboratory and subjects
collected or consumed their meal at the laboratory. All foods used in the diet were purchased
in the same supermarket and the commercial products’ macronutrtient contents were based on
the information provided by the manufactures. Subjects were asked to consume the foods
served from the laboratory only. Water consumption was ad libitum during the dietary control
period. During the dietary control period, subjects were asked to avoid any heavy physical

activity or exercise during non-exercise or exercise trials.



Oral fat tolerance test meal

Oral fat tolerance test meal comprised whipping cream, cheese, mixed nuts, muesli, white
bread and butter. The amount of the macronutrients and energy were given to subjects
according to their body mass (1.2g/kg fat, 1.1g/kg carbohydrate, 0.33g/kg protein, and 66
kJ/kg) (Hardman et al. 1998). All foods were purchased at the same supermarket and the

macronutrient contents were provided by the manufacturers.

Preliminary exercise tests

After the first two non-exercise-trial, one week before the exercise-trial, subjects were asked
to visit laboratory for two preliminary exercise tests: maximal oxygen uptake (VOz max ) test

and submaximal oxygen uptake test.

Maximal Oxygen Uptake Test: Uphill treadmill walking was used to determine

the VO2 max Of each subject. The protocol is modified from Taylor et al (1955). The speed of
treadmill was kept constant throughout the test and the inclination will be increased by 2.5 %
from an initial 3.5% every 3 min until the subjects reach volitional fatigue. Expired air

samples will be measured using a gas analyzer (Vmax, USA).

Submaximal Walking Test: A 16 min continuous submaximal walking test, consisting of

four stages, was used to determine the relationships between walking intensity and oxygen
uptake (VO:). Expired air samples was measured for determination of VO:. A linear

regression equation was then calculated for the relationship between VO: and walking

intensity from the 16 min submaximal walking test. The data was to determine the walking

intensity corresponding to 50% of each subject’s VO2zmaxto be used in the exercise-trials.

On a separate day, one week before the trial, subjects was asked to complete a 30 min walk

corresponding to 50% VOzmax in order to confirm the relative exercise intensity and to fully

familiarize them with treadmill walking and the experimental procedures.

Protocol
After the three-day dietary control (with or without exercise at 50%V02max), subjects
reported to the laboratory after a 12 hour overnight fast in the morning on the fourth day. The

subjects were to void before nude body mass was obtained. Body mass of the subjects was



measured using a calibrated balance (Avery 3306 ABV) and height was measured using a
stadiometer. After weighing, a cannula was inserted into an antecubital vein while the subject

is lying on an examination couch.

Basal blood and gas samples were obtained after the subject has sat for 10 min. The oral fat
tolerance test meal was then served, which the subject was asked to consume within 20 min.
After finishing the test meal, the six hours postprandial period starts. During the postprandial
period, subjects were asked to remain seated, avoiding any unnecessary physical activity.
During the postprandial period, water was provided ad libitum in the first trial and then

replicated in the next three oral fat tolerance tests.

Ambient temperature and relative humidity was recorded at 30 min intervals during the
postprandial period using a hydrometer (Zeal, England). Temperature was maintained

between 25-28°C in all trials. All trials were held in the same laboratory under the similar

environmental condition.

Blood sample collection and analysis

Blood samples were obtained from a cannula (\Venflon 20G, Sweden) in the antecubital vein,
which was connected to a 3-way stopcock (Connecta Ltd., Sweden) with a 10cm extension
tube. The cannula was frequently flushed with a sterile sodium chloride solution (0.9% wi/v)
to keep it patent throughout the experiment. Blood samples were obtained with subjects in the
sitting position during the postprandial period. In addition to the basal blood sample, further
samples were obtained at 30min, 60min, 120min, 180min, 240min, 300min and 360min
during the postprandial period.

Ten millilitres of blood was collected at each sampling time. An 8ml blood sample was put
into an EDTA tube and centrifuged at 1500g” for 10 min to obtain plasma. The remaining
blood (~2ml) was placed into a non-heparinized tube and left to clot for 1 hour and then
centrifuged at 15009° for 10 min for obtaining serum samples. Plasma and serum samples was
aliquoted and then stored at —70°C for later analysis. The plasma was analyzed for free fatty
acid (FFA) (ACS-ACOD method, Wako NEFA C, Germany), triglycerides (GPO-PAP method,
Randox, Ireland), glucose (GOD-PAP method, Randox, Ireland), cholesterol, high density

lipoprotein-cholesterol (HDL-C). The serum insulin concentration was analysed by



enzyme-linked immunosobent assay (ELISA) by an ELISA reader (Ultramark Microplate
System, Bio-Rad Ltd. , USA).

Statistical analysis

All results are presented as mean = SEM. A two-way ANOVA (time and treatment) for

repeated measures was used to analyze differences in the physiological and biochemical
responses. The Tukey post-hoc test was applied to locate the differences between means when
a significant difference was found. Student’s paired t-test was used for non-time dependent

variables. Significance was set at the 0.05 level of confidence.

RESULTS AND DISCUSSION

Plasma triacylglycerol (TG)

Plasma triacylglycerol (TG) concentrations were significantly higher during OFTT in the
non-exercise trials, LGl and HGI, when compared to the exercised trials, HGI+EX and
LGI+EX (Fig 2). The incremental area under the plasma triacylglycerol curve (IAUC) was
significantly higher in the LGI and HGI than in the LGI+EX and HGI+EX (Fig 3).

250.0 LGl
- HGI
LGI+EX
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Fig 2. Plasma triacylglycerol (TG) concentrations during oral fat tolerance test (OFTT).

LGI: low glycemic index diet trial. HGI: high glycemic index diet trial. LGI+EX: low glycemic index diet +
exercise trial. HGI+EX: high glycemic index diet + exercise trial.

a: Significantly different from LGI+EX

b: Significantly different from HGI+EX



40000 OLGI
B HGI
O LGI+EX
O HGI+EX

35000

30000

25000

20000

15000

TG IAUC (mg/dl/6h)

10000

5000

Fig 3. Plasma triacylglycerol (TG) concentrations incremental area under the curve (IAUC) during oral fat
tolerance test (OFTT).

LGI: low glycemic index diet trial. HGI: high glycemic index diet trial. LGI+EX: low glycemic index diet +
exercise trial. HGI+EX: high glycemic index diet + exercise trial.

a: Significantly different from LGI+EX

b: Significantly different from HGI+EX



Plasma glucose
Plasma glucose concentrations were elevated and peaked at 30 min and decreased gradually
during OFTT. However, there were no significant differences between trials during OFTT

(Fig 4)
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Fig 4. Plasma glucose concentrations during oral fat tolerance test (OFTT).
LGI: low glycemic index diet trial. HGI: high glycemic index diet trial. LGI+EX: low glycemic index diet +

exercise trial. HGI+EX: high glycemic index diet + exercise trial.



Serum insulin

Serum insulin concentrations were significantly higher in HGI trial than LGI, LGI+EX and
HGI+EX trials at 30 min during OFTT (p<0.05, Fig 5). We calculated the incremental area
under the insulin curve (insulin IAUC). The results showed that the LGI+EX were
significantly lower than HGI, LGl and HGI+EX (p<0.05, Fig 6)

1200 1 ——1GI
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Fig 5. Serum insulin concentrations during oral fat tolerance test (OFTT).

LGI: low glycemic index diet trial. HGI: high glycemic index diet trial. LGI+EX: low glycemic index diet +
exercise trial. HGI+EX: high glycemic index diet + exercise trial.

a: Significantly different from LGI+EX

b: Significantly different from HGI+EX

c: Significantly different from LGI

10
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Fig 6. Serum insulin concentrations incremental area under the curve (IAUC) during oral fat tolerance test
(OFTT).

LGI: low glycemic index diet trial. HGI: high glycemic index diet trial. LGI+EX: low glycemic index diet +
exercise trial. HGI+EX: high glycemic index diet + exercise trial.

a: Significantly different from LGI+EX

b: Significantly different from HGI+EX
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Plasma cholesterol (TC), high density lipoprotein cholesterol (HDL-C) and low density
lipoprotein cholesterol (LDL-C)
Plasma TC, HDL-C and LDL-C concentrations were showed in Fig 7. There were no

significant differences between trials.
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Fig 7. Plasma total cholesterol (TC), high density lipoprotein cholesterol (HDL-C) and low density lipoprotein
cholesterol (LDL-C) concentrations at fasting state.
LGI: low glycemic index diet trial. HGI: high glycemic index diet trial. LGI+EX: low glycemic index diet +

exercise trial. HGI+EX: high glycemic index diet + exercise trial.

Conclusion

The current data suggested that consecutive 1 hour exercise for 3 days was significantly
attenuated postprandial lipemia. The short term low glycemic index diets showed no influence
on the postprandial lipid profile. Nevertheless, the low Gl diet plus exercise might improve

insulin sensitivity.
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PEEERE

Although we experienced the difficulty of subject recruitment and shortage of fund on some
hormone assays, the project was successfully complete. We have already published part of the
data in the 32™ Taiwan Nutrition Society Annual meeting at Hungkuang University in
Taichung.(7 Ir = g ficrndt @ 2 EHH R S P ERZ PP P EARFEE 5
= Lo K& ¢ FEMFE 0 PD-1, pp 161)

The current obtained data is preparing a manuscript to submit to American Journal Clinical
Nutrition (SCI Journal, 2005 1F=5.853).
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The Effect of 15-day Cycling Tour on Anabolic and Catabolic Hormones
Responses in Unirained Women and Men
Ching-Lin W', Yen-Chen Chuit, Chen-Kang Chang?, Shu-Hwa Kuz, WWei Hung?, i-¥Wen Chang!

INTRODUCTION

Cryeling tour has become one of the favourite enduratice
exetcise evetts among awider population, no longer
limited to professional athletes. Previous studies have
demonstrated the impact of endurance exercise on
hormone response, most of which wete concerned
merely with trained athletes. Very few studies touched
upon hormone response incutred in oycling towt,
patticularly among vntrained subjects. Therefore, the
cutrent study was aimed to investigate the effect of long
haul cycling tour on anabolic and catabolic hormone
resporses in the untrained population.

METHODS

Suhjects

Foutteen untrained, healthy wolunteers (7 female, 7 tmale)
(aged 19-37) were recruited from a S0-member cyeling
group of Tatwan Tour 2005, The tour covered 1100km
cyclingin 15 days with average daily mileage of 80-
100k All subjects were in a free-feeding style duting
the tour.

Design

Tenmillilitres overnight fasting blood samples were
collected from subjects’ forearm central vein via venous
puncture in the morning before departure for the cycling
tour on day 1, day 3, day 11, and day 15 during the tour.
Subjects were instracted to fast for 10-12 howts hefore
the samples heen taken. Plasma testosterone (TH),
cottisol, insulin growth factor 1 (IGF-17) human growth
hotmote (GH) were analysed.

15port Scenre Cendre, National Tawwan College of Phywical Education, Taichang, Tatwan
; “Phyzical Education Cendre, Southern Taiwan University of Techmology, Tabwan
TEL:+886-4-22213108- 2213  E-mail: pechwigmicpe.eduwiw

RESULTS

Testosterone concertrations were significant kigher in male
subjects than female subjects (p<0.001). Testosterone
coticentrations changes (%) wete increased more
significantly by the end of the tour in male subjects
compared to that of female subjects (p<0.05). Cottisal
concentrations tose in day 3 and dropped significantly on
day 13 in hoth genders (p<0.035). Testosterone-to-cortizal
ratio (T/C) were elevated gradually and peaked at the end of
the cyeling tour in both genders (p<0.05). Plasima GH
conicentrations were decteased sharply in the eatly stage of
the tour in both genders. [GF-1 concentrations were
significantly dropped on day 3 compared to day | but

gradually recoversd till the end of the tour in hoth genders.
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CONCLUSIONS

We concluded that the ratio of anabolic hormone to catabolic
hormone increased steadily duting the long hawl eycling tour
i both genders. Howewer, higher increase has been
ohserved it males than in females,
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