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Summary To elucidate the effect of a typical Vietnamese diet including a high content of
white rice on postprandial blood glucose levels, the present study was designed. Thirty
healthy female subjects with a similar body mass index, 10 each in their twenties, forties
and sixties, were recruited. Four meals with a similar protein energy percentage (13-15%)
but different energy ratios of fat and carbohydrate (FC ratio) and vegetable contents were
provided by cross-over design. Meal A was designed according to the commonly consumed
diet in Vietnam. The FC ratio was 14 : 71 and 84 g of carbohydrate was from rice. Meal B
contained carbohydrate in a lower ratio than meal A by fat replacement and its FC ratio was
30:57. Meal C was similar to meal A except lacking vegetables. The energy of meal A, B
and C was about 2.1 M]. Meal D was designed to match the amount of carbohydrate and fat
within A and B, respectively. The FC ratio of meal D was 26 : 61 and the energy was about
2.4 MJ. Fasting blood glucose was measured before consumption of a test meal. Postprandial
blood glucose was measured every 30 min for 2 h. Areas under the curve (AUC) were calcu-
lated to compare the glycemic response among the four test meals. There was no significant
difference in AUC among the four test meals in the subjects in their twenties. In the subjects
in their forties, the AUC of meal A tended to be lower than that of meal C (p=0.07). In the
subjects in their sixties, the AUC of meal A was significantly higher than that of meal B
(p<0.001). Glycemic responses showed a significant relationship with age (r=0.26,
p<0.01); however, there was no association between glycemic responses and BMI (p=0.20).
Dietary fat ratios were inversely associated with glycemic responses (r=—0.28, p<0.01). In
conclusion, the diet with about 70% energy from carbohydrate which is commonly con-
sumed by Vietnamese may increase glycemic response, especially in elderly people and
dietary vegetables may be beneficial to prevent such an increase in glycemic response.

Key Words Vietnamese common diet, glycemic response

Evidence shows an increasing prevalence of diabetes  fatty acid, which is considered superior to animal fat

in the Asian population and also indicates the risk of
diabetes in Asians may be higher than that of other
racial groups at the same body mass index (BMI) (1-6).
The use of white rice as a staple food, since white rice
has been demonstrated and classified as a high glycemic
index (GI) food, has been considered as a risk factor for
diabetes (5-7).

Willett and colleagues (8) proposed a “Healthy Eating
Pyramid” recently which suggested refined carbohy-
drates, such as white rice, should be used sparingly, as
are sweets. Plant oil was suggested to be near the foun-
dation of the pyramid to meet the fact that Americans
get 35% or more of their daily energy from fat. Based on
evidence, plant oil contains plenty of polyunsaturated
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(8). It has been considered that the prevalence of diabe-
tes increased severely in recent years because Ameri-
cans consumed too much carbohydrate instead of fat,
following the “Food Guide Pyramid” published in 1992
(9). The suggestions to use white rice sparingly (8) may
bring about a great impact on the dietary culture of
Asians.

Compared with America, the fat intake ratio was low
in Asian countries, especially in Vietnam. According to
the National Nutrition Survey in Vietnam, energy from
protein, fat, and carbohydrate (PFC ratio) were 13, 12,
and 75%, respectively (10). Some rural regions in Viet-
nam were reported to get more than 80% of their
energy intake from carbohydrate (10). We hypothesized
that the use of rice as a staple food is not the only risk
factor for diabetes as there might be a synergistic effect
with others, among which is a deficient ratio of macro-
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nutrients. Though rice had been classified as high-GI
food, most of the time individuals do not eat rice only
but combine it in mixed meals. Some researchers also
suggested that a single food consumed with other
dishes has a lower GI value than a single food con-
sumed by itself (11, 12). Glycemic load (GL) was then
introduced to represent the combination of quality and
quantity of carbohydrate consumed (13). However, the
utility of GI/GL is still controversial (12, 13). A review
of the literature indicated the dietary GI or GL was used
as a measure of glycemic response in young subjects
or diabetes patients (13-15). There have been no ade-
quate studies on comparison of postprandial glycemic
responses among the young or elderly healthy subjects.

This study was aimed to provide data on postprandial
glycemic responses based on the Vietnamese common
diet with high carbohydrate intake by involving three
different age groups.

MATERIALS AND METHODS

Subjects. This study was conducted in Khanh Van
Commune, Ninh Binh Province, Vietnam. Healthy
female subjects of three age groups with similar BMI
(those in their twenties, forties and sixties) were
recruited from a pool of farmers and participated after
harvesting season. Ten subjects were enrolled in each
group. Informed consent was received from all subjects
and approval for the study was given by the Ethical
Committee of the Ministry of Health, National Institute
of Nutrition, Vietnam. Hypertension, hyperlipidemia,
diabetes, impaired fasting glucose, alcohol drinking,
and smoking were exclusion criteria. A self-monitored
blood glucose device (SMBG device, Precision Xtra,
Abbott Laboratories, Abbott Park, Illinois, USA) was
used to measure blood glucose for screening. Fasting
blood glucose more than 110 mg/dL was excluded
according to American Diabetes Association’s (ADA)
criteria (16). Height and weight were measured to 0.1
cm and 0.1 kg, respectively, using a digital weight bal-
ance and height scale.

Test meals. Four test meals (A, B, C and D) were
designed using white rice as a staple food and pork with
or without vegetables as side dishes. Seasonings were
almost the same for all the meals. The composition of
test meals is shown in Table 1. Since the purpose of this
study was to elucidate the effect of dietary FC ratio, the
proportion of energy from protein of the four test meals
was kept relatively constant (13-15%). Meal A was
designed to represent the Vietnam common diet accord-
ing to the National Nutrition Survey of Vietnam (10).
Its FC ratio and energy intake were as commonly con-
sumed in Vietnam. The total energy of meal A, B and C
was about 2.1 MJ. FC ratios in test meals A and B were
14:71 and 30: 57, respectively. Studies also indicated
that dietary vegetables improved glycemic control by
reducing or delaying the absorption of carbohydrate
(17-20). Meal C was designed to be similar to meal A
except lacking vegetables and its FC ratio was 15: 71.
To elucidate whether glycemic response was also influ-
enced by a deficient FC ratio, and not only because of
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Table 1. Dietary composition and PFC ratios of four
test meals.

Meal A* Meal B Meal C Meal D
White rice (g) 110 86 110 110
0il (g) 4 13 4 13
Lean pork (g) 40 40 40 40
Vegetable (g; cabbage) 100 100 0 100
Fish sauce (g) 5 5 5 5
Protein (g) 18.4 16.5 16.6 18.4
Fat (g) 7.9 16.7 7.9 16.9
Carbohydrate (g) 89.2 70.9 83.8 89.2
Fiber (g) 2.0 1.9 0.4 2.0
P:F:Cratio 15:14:71 13:30:57 14:15:71 13:26:61
Total energy (M]) 2.1 2.1 2.0 2.4

*Meal A was designed to represent the Vietnam common diet.
1 kcal=4.186 kJ.

the amount of carbohydrate, meal D was designed to
match the amount of carbohydrate and fat within A
and B, respectively. The total energy of meal D was 2.4
M] with an FC ratio of 26: 61. Energy intake and food
composition were determined by Nutritive Composition
Table of Vietnamese Foods (21). All test meals were
measured, prepared and divided into portions each
morning.

Study design and blood glucose measurement. Each
subject took the 4 test meals on separate mornings by
cross-over design. Subjects were asked to fast before
testing for at least 10 h. Nothing was allowed to be
eaten or drunk except water. On the test morning, the
subjects arrived at the local health center by the least
strenuous means of transportation. After resting in a
comfortable position for at least 10 min, body weight
was measured. Fasting blood glucose was measured
before consumption of the test meal. Test meals were
consumed within 15 min. Postprandial blood glucose
was measured every 30 min for 2 h from the consump-
tion of the test meals. The incremental area under the
curve (AUC) changes in blood glucose was computed by
the trapezoidal method (22). The AUC for each test
meal was expressed as glycemic response for 2 h. AUCs
of the four test meals among the three age groups were
compared. The blood glucose was measured using a
SMBG device. This biosensor glucose test strip is based
on an electron-transferred glucose oxidase reaction
(23). A fill trigger electrode was designed to minimize
the possibility of inaccurate results due to low sample
volume. The accuracy of the glucose test strip was dem-
onstrated by comparing 393 capillary blood glucose
obtained by YSI Glucose analyzer (YSI Inc., Yellow
Springs, OH). Agreement between the two methods of
measurements was observed with a correlation coeffi-
cient (r)>>0.98, mean absolute bias of 4.9% and a 3.5%
reproducibility of normal glucose concentration. Capil-
lary blood samples were measured with three test strips
in three SMBG devices and the average of the three
readings was used.

Statistical analysis. Incremental AUCs for each test
meal were calculated and the data were expressed as
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Table 2. Characteristics of the study subjects.

Grou Age Height Weight BMI Fasting Blood Glucose
P ) (cm) (kg) (kg/m?) (mg/dL)
Twenties (n=10) 23.4*0.5 155.1+1.2 44.0%+2.3 18.2+0.8 85.0+2.8
Forties (n=9) 42.3+0.6 153.5%£1.6 46.1+2.2 19.5x0.6 88.3+2.3
Sixties (n=10) 61.4+0.4 153.2*1.1 47.6+x1.7 20.3+0.8 92.6*+1.3
Data are presented as means*SE. -
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Fig. 1. Postprandial blood glucose level and the AUC after subjects consumed four test meals (@, A; O, B; A, C; O, D) for
120 min. Meal A was compared with the other three test meals. Two-way ANOVA showed a main effect of age and a sig-
nificant age-by-test meal interaction (both p<<0.01). (a) Data for subjects in their twenties. (b) Data for subjects in their for-
ties. *p<0.05, and Tp=0.07 for A vs. C. (c) Data for subjects in their sixties. *p<<0.01 A vs. B. Tp<<0.001 A vs. B, p<0.05

A vs. C, and p<0.01 A vs. D. ¥p<0.001, $p=0.07.

mean *SE. Two-way ANOVA was used to test the main
effect and the interaction between age and test meal.
Mean contrasts according to modified Bonferroni in-
equalities were used to analyze significance. Mean val-
ues of the four test meals in each age group were com-

pared by analysis of variance (ANOVA). Tukey’s multi-
ple comparison test of means was used to compare
treatments pairwise. Simple correlations were deter-
mined by Pearson’s correlation coefficient (r). Partial
correlations were measured between postprandial gly-
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100 Table 3. Correlation analyses between postprandial
glycemic response (AUC) and age, BMI and dietary fat
= 80 ratio.
E -
i” [ the 20s Postprandial glycemic response (AUC)
8 40 % the 40s
< Nthe 60s r* p-value beta*  p-value
20
\ Age 0.26 <0.01t 0.26 <0.01t
BMI -0.12 0.20 -0.12 0.20
A B C D Dietary fat ratio —0.28 <0.01T —-0.27 <0.01f
Test Meal

Fig. 2. Postprandial glycemic responses (AUCs) to the
same test meals when compared among the three age
groups. *p<0.01, Tp<0.05.

cemic response (AUC) and age, and BMI and dietary fat
ratios by controlling for the impact of energy intake.
Analysis of the data was carried out with SPSS version
11.5 J statistical software. p values less than 0.05 were
considered statistically significant.

RESULTS

Originally there were 10 subjects in each age group;
however, one subject in her forties was dropped from
the study due to a physical problem. Characteristics of
the study subjects are shown in Table 2. The heights,
weights, BMIs and fasting blood glucose showed no sig-
nificant difference among the three age groups (p>
0.05). A main effect of age and age-by-test meal inter-
actions was significant (both p<<0.01; Fig. 1). In the
subjects in their twenties, glycemic response to meal A
was higher than that to the others after 60 min,
although the difference was not significant (Fig. 1a).
The AUCs of meal A, B, C and D were 56*7, 51+6,
43+6 and 407 mg/dL/h, respectively, with no signifi-
cant difference among them.

In the subjects in their forties, meal A, which con-
tained vegetables, had significantly lowered glycemic
response at postprandial 30 min when compared with
meal C (p<0.05, Fig. 1b). The AUCs of meal A, B, C and
D were 48*6, 41%4, 70£7 and 55*7 mg/dL/h,
respectively. Meals A and C tended to show different gly-
cemic response for the 2 h (p=0.07).

In the subjects in their sixties, the greater amount of
carbohydrate contained in meal A showed a consider-
able effect on glycemic response, which was signifi-
cantly higher than for meal B at postprandial 30 min
(p<<0.01) and 60 min (p<<0.001) (Fig. 1c). At postpran-
dial 60 min, meal A had a significant converse effect on
glycemic response compared with meal C (p<0.05).
Glycemic response to meal D was significantly lower
than that to meal A at postprandial 60 min (p<<0.01).
The AUCs of meals A, B, C and D were 79+6, 45=+3,
63=6 and 59+5 mg/dl/h, respectively. The glycemic
response for 2 h was significantly different between
meals A and B (p<<0.001), and it tended to show signif-
icance between meals A and D (p=0.07).

When comparing the glycemic responses to the same
test meal among three age groups (Fig. 2), significant

*r for Pearson’s correlation coefficient, and beta for par-
tial correlation coefficient.
Tp<0.01 significant difference.

differences in meal A was observed for those in their for-
ties versus their sixties (p<<0.01) and in meal C for the
subjects in their twenties compared to their forties
(p<<0.05). Pearson’s correlation analyses indicated age
was significantly correlated with postprandial glycemic
response (AUC) (r=0.26, p<<0.01) (Table 3). A signifi-
cant negative correlation was observed between AUC
and dietary fat ratio (r=—0.28, p<0.01). There was no
association between BMI and AUC (r=—0.12, p=0.20).
After partial correlation analysis, the correlations
between AUC vs. age and AUC vs. dietary fat ratio
remained significant (beta=0.26, p<0.01 and beta=
—0.27, p<0.01, respectively).

DISCUSSION

The diet with about 70% energy from carbohydrate,
which is commonly consumed by Vietnamese, in-
creased glycemic response, especially in the elderly sub-
jects. The increased glycemic response was considered
to be mainly due to a low dietary fat ratio and excess
carbohydrate since protein intake levels were similar,
being 13-15% of total energy intake. The additional
amount of fat in meal D reduced glycemic response
when compared with meal A, despite the identical
amount of carbohydrate. Furthermore, the glycemic
response to meal A displayed marked postprandial
hyperglycemia compared with meal B. Our results were
consistent with other studies which pointed out that fat
contained in a mixed meal would delay the absorption
of carbohydrate and attenuate the glycemic response
(11, 12). Though fat was thought as non-GI (8) to
attenuate the glycemic response, its high energy density
could not be ignored.

Glycemic response to meal A displayed marked post-
prandial hyperglycemia in the subjects in their sixties
compared with meal B, while the same effects couldn’t
be observed in the subjects in their twenties and forties.
It may be speculated that the small difference in the
AUC observed in the subjects in their twenties and for-
ties might be due to the leveling off in glycemia as indi-
cated by Brand-Miller et al. (24). In their study involv-
ing lean healthy volunteers, Brand-Miller et al. (24)
pointed out that increasing the glycemic load produced
a stepwise increase in glucose AUC only observed at the
low doses. In that study, five doses (one, two, three, four
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and six slices) of bread were tested. The dose-response
relationships. observed at lower doses and a leveling off
in glycemia after a load of four slices of bread suggests
healthy individuals are able to control glycemia within
narrow physiological boundaries by increasing the
amount of insulin secreted (24). On the other hand, test
meals in the present study were designed to be close to
the daily intake in Vietnam. After converting the
amount of rice into carbohydrate, 84 g and 66 g of car-
bohydrate were contained in meal A and B, respectively.
These amounts were over 52 g carbohydrate, which
was equivalent to the mentioned four slices of bread.
The glycemic effect caused by different amount of car-
bohydrate seemed to be attenuated by other factors
such as fat and protein contained in side dishes (11).
However, the considerable difference observed in the
subjects in their sixties might be caused by age or poten-
tially by adipose tissue (25, 26). It has been indicated
that abdominal fat and body fat percentage are increas-
ing in Vietnamese, especially in females (5). It is also
worth mentioning that decreasing insulin sensitivity
due to body fat increased with age has been observed
(26). However, it was the limitation of this study that
the blood glucose used as an indicator and BMI used as
the anthropometric criterion were inadequate to pro-
vide a further explanation.

Studies indicate that dietary fiber contained in vege-
tables delayed the absorption of carbohydrates and
ameliorated the postprandial glycemic response (17—
20). In this study we observed an interesting phenome-
non. The favorable effect occurred only in the subjects
in their forties and not in the subjects in their twenties
and sixties. The results of the subjects in their twenties
and sixties were also different. In the subjects in their
twenties, the AUCs of meals A and C were similar and
low but in the subjects in their sixties, the AUCs of both
test meals were similarly high. The results may suggest
that the young group had the ability to control blood
glucose level regardless of the dietary vegetables. In the
elderly group, the AUC was high even though they took
the meal with vegetables (meal A); nevertheless, an
increase in the AUC was not observed by taking the
meal without vegetables (meal C). This observation
needs further studies to elucidate the favorable effects of
dietary vegetables in the elderly.

The GI might be of some help to patients with
impaired glucose tolerance (11, 12). Nevertheless, the
GI concept, especially considering its interpretation by
health professionals or the general population, should
not be the only, nor the most important, criterion to
judge a food (12). A low dietary fat ratio and excess car-
bohydrate could also account for increased glycemic
response, not only using rice as a staple food. Our obser-
vation was in line with the recommendation by the
ADA which states that the amount of available carbo-
hydrate is more important than the source (27), since
most of the time individuals consume a mixed meal
rather than a single food. A dietary guideline must be
based on ordinary dietary habits, or it will be futile. The
dietary pattern of consuming rice as a staple food with

other side dishes might represent a good dietary habit of
Asians, with total energy intake being taken into
account. However, such test meals are probably not
exactly representative of those in everyday life. Further
studies involving a large number of young and elderly
healthy subjects are needed to elucidate the effect of the
dietary FC ratio in mixed meals.

In conclusion, the present study showed that post-
prandial glycemic responses were different among three
age groups, despite the consumption of the same test
meal. The diet with about 70% energy from carbohy-
drate, which is commonly consumed by Vietnamese,
increased glycemic response, especially in the elderly
subjects. Dietary vegetables may also be beneficial to
prevent such an increase in glycemic response.
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