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Effects of Decreasing the Amount of Cooked White
Rice Stepwise using Agar on Postprandial Blood
Glucose Levels in Japanese Patients with Type 2
Diabetes
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ABSTRACT

Background: A large cohort study of Japanese people demonstrated that increased intake of white rice was associated
with an increased risk of type 2 diabetes in women. Changes in postprandial blood glucose levels were observed while
decreasing the amount of cooked white rice stepwise. Methods: In 12 patients with type 2 diabetes in hospital, their blood
glucose levels before and 2 and 4 h after breakfast were measured in 3 consecutive days: Cooked rice for breakfast was
170 + 38 g on the 1% day, 117 & 24 g on the 2™ day, and 50 g as rice gruel with agar on the 3 day. Results: Decreasing the
amount of cooked white rice by about 30% could not cause suppressive effects on postprandial hyperglycemia measured
2 h after breakfast. The decrease in its amount by about 70% substantially suppressed postprandial hyperglycemia.
Conclusions: Decreasing the amount of cooked white rice would be effective and feasible for Japanese people to restrict
carbohydrates. To decrease a large amount of white rice, rice gruel with agar may be useful, especially for obese patients
with type 2 diabetes.
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INTRODUCTION Japanese women, which was partly attributed to high intake
of white rice."!

ice is the staple food for most countries in Asia. . . .
Stap . . o A meta-analysis of cohort studies suggests that a high whole-

In Japan, rice and processed rice contribute 46.4% o S . .
grain intake, but not refined grains, is associated with reduced

of total carbohydrate intake (The National Health . . ; .
o Y ( type 2 diabetes risk (a non-linear association).”! Replacement
and Nutrition Survey Japan, 2011). Japanese people would L . .

f hite 1] b i i d of white rice with whole grains or legume was found to have
preter W lte rice to .rov.vn r1.ce wit re.spect FO taste an beneficial effects on metabolic disease risk in Western peoplel™
palatability. Brown rice is drier due to inclusion of bran, and in Korean men,'® whereas its replacement with brown rice

i i i i i o . . .
which contains dietary fiber and micronutrients."! A o1 16 weeks had no substantial effects in Chinese people.
large cohort study of Japanese people demonstrated that U In Japanese patients with type 2 diabetes, no changes in
increased intake of white rice was associated with an  pJood glucose levels after breakfast were observed on the day
increased risk of type 2 diabetes in women and probably in  when brown rice was substituted for white rice.!"! In this short
men who were not engaged in strenuous physical activity.”)  communication, changes in postprandial blood glucose levels
Thereafter, it was demonstrated that low-carbohydrate diet ~ were observed while decreasing the amount of cooked white
was associated with decreased risk of type 2 diabetes in  rice stepwise using agar instead of substitution of brown rice.
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METHODS

In 17 patients with type 2 diabetes in hospital, their blood
glucose levels before and after breakfast were measured
in 3 consecutive days, while the amount of cooked rice for
breakfast was decreased stepwise. They were admitted to
the hospital due to hyperglycemia or diabetic complications
and were studied several days after admission. Three patients
with their fasting glucose levels more than 160 mg/dl and two
patients treated with a-glucosidase inhibitors were excluded
from the study. Then, 12 patients were included for analysis
and their clinical characteristics are shown in Table 1.

The amount of cooked rice in the 3 consecutive days was as
follows: On the 1% day, 170 + 38 g of cooked rice for breakfast
were served according to their doctor’s instructions; on the
2% day, the amount of cooked rice was decreased to 117 +
24 g (32 + 3% reduction from the 1* day); and on the 3" day,
50 g of cooked rice (69 + 7% reduction from the 1% day) were
equally served as rice gruel containing rice-mimicking agar
(kindly provided by Ina Food Industry Co. Ltd.) to give a
feeling of satiety. Blood glucose levels before and 2 and 4 h
after breakfast were measured by nurses with a glucometer
using finger-stick blood samples. Their diabetic medication
as shown in Table 1 was not changed during the 3 days.

Statistical analysis

The data are expressed as the mean + standard deviation.
Statistical analysis was performed using a one-way ANOVA
followed by a post hoc Wilcoxon t-test with Bonferroni’s
correction, considering a statistically significant level at
P <0.05.

RESULTS

Figure 1 shows the effect of decreasing the amount of
cooked rice on blood glucose levels after breakfast. Total
energy, carbohydrate, its percentage energy, and dietary
fiber of breakfast in the 3 consecutive days are shown in
Table 2. The mean value of blood glucose levels 2 h after
breakfast was significantly lower in the 3% day than in
the 1% and 2" days. There was no significant difference
between the 1% and 2" days. The mean value of blood
glucose levels 4 h after breakfast was significantly lower
in the 2" and 3 days than in the 1% day. There was no
significant difference between the 2" and 3" days. Thus,
the rise in blood glucose levels after breakfast was most
suppressed in the 3% day.

For comparison, only the mean values in the five patients
excluded from the above analysis are shown in Figure 2.
Three patients with fasting glucose level more than 160 mg/
dl in the upper panel were treated with sulfonylurea and
dipeptidyl peptide-4 inhibitors (+metformin in two).

Two patients treated with o-glucosidase inhibitors in the
lower panel were in addition treated with sulfonylurea and
dipeptidyl peptide-4 inhibitors. It is of interest that about
30% reduction in the amount of cooked rice seemed to have
no effects on blood glucose levels 2 and 4 h after breakfast in
all five patients. About 70% reduction of cooked rice seemed
to have the greatest effects on blood glucose levels after
breakfast except for 2-h glucose levels when treated with
a-glucosidase inhibitors.

Table 1: Clinical characteristics of type 2 diabetic

patients included
n 12
Male/Female 5/7
66.5+10.5 (43-83)
156.2+11.7 (144—-175.5)
26.5+4.5 (19.9-35.4)
9.9+9.1 (1-31)
9.8+2.6 (6.0-15.5)

Age (years)

Body height (cm)

Body mass index (kg/m?)
Duration of diabetes (years)
HbA1c level (%)

Diabetic therapy (n)

Insulin+DPP4i+Met/GLP-1 111
analog/SU

SU+DPP4i/SU+DPP4i+Met/ 6/2/1
DPP4i+Met

Mean+SD (range), DPP4i: Dipeptidyl peptide-4 inhibitor,
Met: Metformin, GLP-1: Glucagon-like peptide-1, SU: Sulfonylurea

Blood Glucose Level (mg/dl)
250

200

150

100

50

a b c a b c a b c

Before 2 Hours 4 Hours

Figure 1: Blood glucose levels (mean + standard deviation,
mg/dl) before and 2 and 4 h after breakfast on the 3
consecutive days are shown. The amount of cooked rice was
as instructed by doctors on the 1%t day (a), 32 + 3% reduction
on the 2" day (b), and 50 g with agar on the 3 day (c). The
mean values of blood glucose levels 2 and 4 h after breakfast
were the lowest on the 3“day. *P < 0.05, **P < 0.01 by
ANOVA with Bonferroni’s correction
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Table 2: Contents of breakfast in 3 consecutive days

Breakfast a b c
Energy (kcal) 513+76 447+50 393+31
Carbohydrate (g) 77+18 62+12 47+3
% Energy of carbohydrate 60+7 55+7 48+7
Dietary fiber (g) 57+25 3.3+1.2 8.2+1.5

Mean+SD, a: On the 1%t day, b: 2" day, c: 3 day

Blood Glucose Level (mg/dl)

300
250
200
150
100

200
150
100
50
0% b ¢ a b c a b c
Before 2 Hours 4 Hours

(2)
Figure 2: Only mean values of blood glucose levels (mg/dl)
before and 2 and 4 h after breakfast are shown inthree cases with
fasting glucose level more than 160 mg/dl (1) and in two cases
treated with a-glucosidase inhibitors (2). About 30% reduction in
the amount of cooked rice seemed to have no effects on blood
glucose levels 2 and 4 h after breakfast. About 70% reduction of
cooked rice seemed to have the greatest effects except for 2-h
glucose levels when treated with a-glucosidase inhibitors. a, b,
and c are similar to those in Figure 1.

DISCUSSION

The present study showed that decreasing the amount of
cooked white rice by about 30% could not cause substantial
suppressive effects on postprandial hyperglycemia measured
2 h after breakfast. The decrease in its amount by about 70%
substantially suppressed postprandial hyperglycemia. In

this case, the total energy of breakfast was reduced to about
70-80% of, respectively, instructed calories because nothing
but agar, which is high in dietary fiber,®) was added. Since
an acute effect of dictary fiber on postprandial blood glucose
profile was not expected,!'® the suppression of postprandial
hyperglycemia was considered to be attributed to a large
decrease in the amount of cooked white rice. The percentage
of energy from carbohydrate was 48 = 7% in the rice gruel
with agar for breakfast. It is of note that a prospective cohort
study and meta-analysis indicated the association between
50-55% carbohydrate intake and minimal mortality risk.!”!
Considering that rice gruel with agar can result in calorie
restriction but give a feeling of satiety, having such breakfast
may be a useful choice for obese patients with type 2 diabetes.

The glycemic index is a measure of the postprandial glucose
response to various carbohydrate-containing foods.!'” The
glycemic index of brown rice is lower than that of white
rice,l'!! but the acute effect of brown rice on postprandial
blood glucose levels seems to be small, if any, in a mixed
meal.["12131 Umbrella review of meta-analyses of prospective
observational studies revealed an inverse association for type 2
diabetes incidence with increased intake of whole grains and
the association for increased incidence of type 2 diabetes
with higher intake of sugar-sweetened beverages.!'¥ There is
a report that higher carbohydrate intake was associated with
higher risk of diabetes in obese men, but not in non-obese
men in Japan." In a recent systematic review and meta-
analysis, it was concluded that higher white rice consumption
has not been shown to be associated with increased risk of
coronary heart disease, stroke, and type 2 diabetes but may
be associated with increased risk of metabolic syndrome.!®

Carbohydrate or simple carbohydrate restriction seems to be
effective in diabetes treatment,!'” and decreasing the amount
of cooked white rice is simple and feasible for Japanese
people to restrict carbohydrates. To decrease a large amount
of white rice, rice gruel with agar may be useful, especially
for obese patients with type 2 diabetes.

CONCLUSIONS

The present study and the literature indicate that removing
white rice is more effective on a short-term glycemic
control, compared with replacing white rice with brown rice
in Japanese patients with type 2 diabetes. Decreasing the
amount of cooked white rice would be effective and feasible
for Japanese people to restrict carbohydrates. To decrease
a large amount of white rice, rice gruel with agar may be
useful, especially for obese patients with type 2 diabetes.
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