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The prevalence of  type 2 diabetes mellitus (DM) has 
recently increased world-wide and has become a global 
public health problem (1). Asians are thought to be 
susceptible to DM (2). It is estimated that more than 
115 million people in India, Malaysia, China, Thailand, 
Indonesia, Australia, Korea, Singapore, Taiwan and 
Japan are living with diabetes. According to national 
surveys of  diabetes, in Vietnam the prevalence of  DM 
and impaired glucose tolerance (IGT) in 2003 was 2.7% 
and 7.7%, respectively (3), but in 2012 reached 5.7% 
and 12.8% (4). It is estimated that the number of  Viet-
namese DM cases will double by 2030 compared to 
2010 (5).

We have shown that newly diagnosed Vietnamese 
diabetics have a body mass index (BMI) of  about 23 
(6–8) and this is similar to that of  the Japanese standard 
(9). The use of  white rice (WR) as a staple food may be 
the major factor, since it has been demonstrated to be 
and classified as a high glycemic index (GI) food and has 
been considered a risk factor for DM (10, 11). Vietnam-
ese like eating WR and have high-carbohydrate diets. 

According to the National Nutrition Survey 2009–
2010, approximately 70% of  the energy intake was con-
tributed by carbohydrates (12). Our previous study (13), 
which was designed to elucidate the effect of  a typical 
Vietnamese diet with a high WR content on postpran-
dial blood glucose levels, showed that a diet high in WR 
was not favorable for the control of  blood glucose levels, 
especially for middle-aged and elderly persons. However, 
if  WR is taken together with other foods such as veg-
etables or lipids, this reduces the problem. Willett et al. 
(14) recommend low consumption of  WR and higher 
consumption of  whole grains including brown rice (BR) 
to prevent elevation of  blood glucose. However, BR itself  
has an unfavorable taste and texture. Recently, a new 
type of  rice called pre-germinated brown rice (PGBR) 
has become widely available in Japan. PGBR amelio-
rates the problems of  BR. PGBR is softer in texture and 
tastier than BR. Our previous studies (15–17) show that 
PGBR is better than WR in preventing the rapid increase 
in postprandial blood glucose and insulin concentra-
tions. However, clinical evidence does not yet support 
the long-term effect of  PGBR consumption because the 
studies were short-term (6 wk cross-over design) with a 
small numbers of  subjects (11 subjects) (17). Therefore, 
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Summary  We have reported that newly diagnosed type 2 diabetes mellitus (DM) patients 
in Vietnam have a low body mass index (BMI) of  around 23 and that the major factor for 
this is high white rice (WR) intake. Brown rice (BR) is known to be beneficial in the control 
of  blood glucose levels; however, it has the property of  unpleasant palatability. Pre-germi-
nated brown rice (PGBR) is slightly germinated by soaking BR in water as this reduces the 
hardness of  BR and makes it easier to eat. This study was designed to evaluate the effect of  
a 4-mo PGBR administration on various parameters in Vietnamese women aged 45–65 y 
with impaired glucose tolerance (IGT). Sixty subjects were divided into a WR or PGBR 
group. For the first 2 wk, WR was replaced by 50% PGBR, then for 2 wk by 75% PGBR and 
from the second month 100%. Before the beginning of  the study and at the end of  the study, 
1) anthropometric measurements, 2) a nutrition survey for 3 nonconsecutive days by the 
24 h recall method and 3) blood biochemical examinations were conducted. Fasting plasma 
concentrations of  glucose and lipids and the obesity-related measurements and blood pres-
sure were favorably improved only in the PGBR diet group. The present results suggest that 
replacing WR with PGBR for 4 mo may be useful in controlling body weight as well as blood 
glucose and lipid levels in Vietnamese women with IGT.
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in this study we tried to evaluate the effect of  PGBR con-
sumption for longer time (4 mo) on the control of  blood 
glucose concentration with a larger number of  subjects 
(60 subjects) with IGT.

MATERIALS AND METHODS

Setting and study subjects.  The study was designed 
as a controlled clinical trial and was conducted in 2011 
in Hai Duong Province, located in the Red River Delta 
57 km from Hanoi. The population was approximately 
1.7 million (14% living in urban areas and 86% living 
in rural areas). The study was designed in conformity 
with the Helsinki Declaration on Human Studies. The 
protocol of  this study was approved by the Scientific 
Board of  the National Institute of  Nutrition in Viet-
nam. In addition, the potential beneficial health effects 
of  whole grains (including PGBR) were explained to all 
subjects and informed consent was obtained from each 
participant.

About 1,000 women aged 45–65 y in urban commu-
nities and not under medication for DM participated in 
the screening. To facilitate screening, we measured fast-
ing capillary blood glucose using the One Touch Ultra 
Smart device (Johnson & Johnson, New Brunswick, 
NJ). Participants were asked to fast for at least 10 h and 
then to report to their local health center where blood 
was drawn. From the screening survey we selected all 
women who had blood glucose over 5.6 mmol/dL; these 
women were then subjected to a further oral glucose tol-
erance test and IGT was defined by a 2-h post-50 g glu-
cose load, a blood glucose level of  7.8 to 11.0 mmol/L 
(140 to 199 mg/dL) (18). Hemoglobin A1c (HbA1c) was 
also measured from these samples. Then, 30 matched 
pairs were created according to these IGT and HbA1c 
results. Subjects with IGT were selected because people 
with IGT are not likely to be taking diabetes medication; 
DM patients often are on medication and so were not 
included in this study. During the intervention period of  
4 mo, subjects were divided into two groups consuming 
either WR or PGBR as a staple food. To help the subjects 
in the PGBR group to adapt, WR was replaced over the 
course of  a month. Half  (50%) of  WR was replaced by 
PGBR in the first 2 wk, then 75% in the 2 following 
weeks. After the adaptation period, participants were 
instructed to consume either WR or PGBR exclusively as 
a staple food. Participants were allowed to continue nor-
mal activities of  daily life without restriction. PGBR was 
produced in Vietnam with technological support from 
FANCL Corp., Japan. PGBR was produced by the Tam 
Rice Company of  Hai Hau, Nam Dinh Province. PGBR 
was provided to subjects of  the PGBR group every week.

Blood collection.  Intravenous fasting blood samples 
were taken in the morning during the several days 
before the beginning of  the study (baseline) and at the 
end of  the study (final). The baseline blood samples were 
used to identify IGT. Serum was separated by centrifuge 
and kept frozen for the analyses of  glucose, HbA1c, 
triacylglycerol (TG), total cholesterol (TC), LDL-choles-
terol (LDL-C), and HDL-cholesterol (HDL-C). Blood col-
lection and analyses were done at Hai Duong Provin- 

cial Hospital.
Anthropometric measurements.  Weight, height, waist 

and hip circumferences and body fat percentage were 
measured twice (baseline and final) in each individual 
and the mean was used for analysis. Body weight and 
height were measured in light clothing and without 
shoes. Body mass index (BMI) was calculated as weight 
per square of  height (kg/m2). Waist circumference was 
measured mid-way between the lower rib margin and 
the iliac crest, while hip circumference was measured at 
the broadest circumference around the buttocks. Waist-
hip ratio (WHR) was calculated as waist circumference 
(cm) divided by hip circumference (cm). Body fat per-
centage was measured by the bioelectrical impedance 
method using the OMRON scale (HBF-351, Omron Co., 
Kyoto, Japan). Blood pressure was measured twice in a 
sitting position after participants had rested for at least 
5 min. The mean of  the two values was used for the 
analysis.

Nutrition survey.  A nutrition survey for 3 noncon-
secutive days by the 24 h recall method was conducted 
before (baseline) and in the last week of  the study (final). 
Energy and nutrient intakes were calculated based on 
the Vietnamese Food Composition Table 2005 (19). 
Fiber of  PGBR was calculated by using the data pub-
lished by us on short grain rice (Japonica) (20).

Statistical analyses.  Quantitative variables were 
checked for normal distribution and compared by the 
Student t-test (paired and unpaired). p-values of  less 
than 0.05 were considered statistically significant for all 
the analyses. The above statistical procedures were per-

Table  1.  Comparison of  physical characteristics and 
blood biochemical parameters between PGBR and WR 
groups at baseline.

Variables PGBR (n530) WR (n530) p-value

Age (y) 56.965.8 56.665.0 0.488
Height (m) 153.2 65.5 153.5 65.7 0.836
Weight (kg) 55.468.0 55.868.6 0.852
BMI (kg/m2) 23.963.0 23.563.2 0.624
Body fat (%) 34.363.6 34.063.6 0.762
Waist (cm) 85.167.4 83.968.5 0.555
Hip (cm) 91.465.3 92.165.1 0.604
Waist-hip ratio 0.9360.05 0.9160.07 0.208
SBP (mmHg) 131.9620.6 125.3615.7 0.168
DBP (mmHg) 80.0610.7 77.0611.1 0.064
Glucose (mmol/L) 6.0560.85 5.7360.91 0.166
TC (mmol/L) 5.1861.02 5.0161.21 0.549
HDL-C (mmol/L) 1.0260.31 1.0460.34 0.837
LDL-C (mmol/L) 3.50 60.82 3.4460.82 0.531
TG (mmol/L) 2.8562.58 2.7262.58 0.847
HbA1c (%) 6.4461.14 6.1660.70 0.260

Data are mean6SD. p-values obtained by unpaired t-test. 
SBP: systolic blood pressure, DBP: diastolic blood pres-
sure, TC: total cholesterol, HDL-C: high-density lipopro-
tein-cholesterol, LDL-C: low-density lipoprotein-choles-
terol, TG: triacylglycerol, HbA1c: hemoglobin A1c.
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formed using SPSS version 16.0 (SPSS, Inc., Chicago, 
IL).

RESULTS

Table 1 shows the physical characteristics and blood 
biochemical parameters of  the participants at baseline. 
Between the PGBR and WR groups, there were no sta-
tistically significant differences in age, height, weight, 
BMI, body fat percent, waist, hip, blood pressure, glu-
cose, HbA1c, triglyceride (TG), total cholesterol (TC), 
LDL-C, or HDL-C. The mean BMI of  both the PGBR 
group (23.9) and the WR group (23.5) exceeded the 
cut-off  point for obesity as defined by the Vietnamese 
government (BMI 23.0), indicating that more than half  
of  the subjects would be considered obese.

Table 2 shows the comparison of  physical character-
istics and blood biochemical parameters of  the WR and 
PGBR groups at baseline and final. In the PGBR group, 
body weight, BMI, waist, hip, waist-hip ratio, and blood 
pressure were significantly reduced after intervention 

compared to the baseline. Such reductions were not 
found in the WR group. Parameters of  blood biochemis-
try tests were significantly improved in the PBGR group 
but only HDL-C in the WR group.

Table 3 shows the energy and nutrient intakes of  the 
PGBR and WR groups at baseline and final. The intakes 
of  energy, protein, lipid and carbohydrate were similar 
between the two groups. However, mean fiber intake was 
13.1 g and 6.8 g/d in the PGBR and WR groups, respec-
tively at final, although they were similar at baseline.

DISCUSSION

The present 4-mo intervention study suggests that 
replacing WR with PGBR is useful in controlling blood 
glucose and lipid levels as well as body weight in people 
who consume rice as a staple food. The main focus of  the 
study was reduction of  blood glucose with PGBR; how-
ever, we also observed an unexpected and significant 
reduction in body weight as well as an improvement in 
blood lipid levels and blood pressure in the PGBR group. 

Table  2.  Comparison of  physical characteristics and blood biochemical parameters at baseline and final in PGBR and WR 
groups.

Variables
PGBR group (n530) WR group (n530)

Before After p-value Before After p-value

Weight (kg) 55.468.0 51.865.8 ,0.0001 55.868.6 55.268.7 0.702
BMI (kg/m2) 23.963.0 22.462.6 ,0.0001 23.563.2 23.363.2 0.122
Body fat (%) 34.363.6 31.464.5 ,0.0001 34.063.6 33.763.4 0.425
Waist (cm) 85.167.4 78.567.6 ,0.0001 83.968.5 82.868.1 0.146
Hip (cm) 91.465.3 89.965.2 ,0.0001 92.165.1 91.665.0 0.789
Waist-hip ratio 0.936.05 0.8760.06 ,0.0001 0.916.07 0.9060.08 0.608
SBP (mmHg) 131.9620.6 122.36179 0.002 125.3615.7 119.4625.2 0.237
DBP (mmHg) 80.3610.7 72.369.6 ,0.0001 77.0611.1 73.569.2 0.059
Glucose (mmol/L) 6.0560.85 5.3160.63 ,0.0001 5.7360.91 5.8960.96 0.246
TC (mmol/L) 5.1861.02 4.9160.86 0.324 5.0161.21 5.6260.93 0.002
HDL-C (mmol/L) 1.0260.31 1.4360.23 ,0.0001 1.0460.34 1.3260.32 ,0.0001
LDL-C (mmol/L) 3.5760.82 3.1860.51 0.01 3.4460.82 3.5260.57 0.573
TG (mmol/L) 2.8562.58 1.5860.68 0.003 2.7262.58 2.1261.19 0.095
HbA1c (%) 6.4461.14 5.7260.55 0.001 6.1660.70 6.3260.46 0.282

Data are mean6SD. p-values obtained by unpaired t-test. SBP: systolic blood pressure, DBP: diastolic blood pressure, TC: 
total cholesterol, HDL-C: high-density lipoprotein-cholesterol, LDL-C: low-density lipoprotein-cholesterol, TG: triacylglycerol,  
HbA1c: hemoglobin A1c.

Table  3.  Energy and nutrient intakes of  PGBR and WR groups at baseline and final.

Variables
Before Final

PGBR (n530) WR (n530) p-value PGBR (n530) WR (n530) p-value

Energy (kcal) 1,5206284 1,5096225 0.868 1,5296226 1,5326197 0.956
Protein (g) 58.7611.1 55.7612.7 0.334 56.4 612.7 57.8611.7 0.659
Lipid (g) 30.3 610.3 29.969.7 0.877 30.2 610.7 29.768.7 0.843
Carbohydrate (g) 253 653 254636 0.962 258642 258636 0.954
Dietary fiber (g) 6.762.3 6.462.2 0.607 13.164.3 6.864.1 ,0.001

p-values obtained by unpaired t-test.
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As we have recently reported, the average BMI of  Viet-
namese who were newly diagnosed as DM was about 
23 (6–8), which was within the classification of  normal 
BMI (18.5–24.9) for Japanese (9). The GI of  WR is high, 
which suggests that WR may be a major cause of  DM 
(10, 11), especially for East Asians, such as Vietnamese 
who take about 70% of  their energy from rice (12). The 
effectiveness of  BR in controlling DM has been reported; 
however, many people prefer not to continue a BR diet 
because BR is hard to chew. Recently, PGBR has become 
widely available in Japan. PGBR alleviates the problems 
of  BR. It is slightly germinated by soaking BR in water 
and this softens the hull of  BR and makes it easier to 
chew. To adopt this finding to daily life, the taste of  PGBR 
will be the crucial factor. The acceptability of  PGBR was 
fine in the 4 mo; there were no dropouts.

Although studies of  the effect of  PGBR on health are 
limited (21–25), those of  the effects of  whole grains 
including BR are numerous. Recently Ye et al. (26) 
reviewed 66 papers published between 1996 and 2012 
and evaluated the effects of  whole grains on such fac-
tors as DM, heart disease, and body weight. An approxi-
mately 26% decrease in DM, a 21% decrease in heart 
disease, and a 48–80 g decrease in body weight through 
the intake of  370 g of  whole grain per day were 
reported by cohort studies. Through meta-analysis, fast-
ing blood glucose indicated 18 mg/dL lower blood glu-
cose, l32 mg/dL lower total cholesterol, and 28 mg/dL 
lower LDL-cholesterol in people who consumed whole 
grains compared to those who did not. Wirström et al. 
(27) studied 5,477 people aged 35–56 y (males 2,297, 
females 3,180) for 8–10 y and found that people who 
consumed 59.1 g of  whole grain per day had a 22% 
lower risk of  glucose metabolism disorder than those 
who ate less than 30.6 g a day when the data were 
adjusted for age, family history of  DM, physical activity, 
smoking, education and blood pressure. Hu et al. (10) 
reviewed 4 papers and reported about 2 times higher 
risk of  DM in people who ate WR every day than in 
those who did not eat it every day.

The favorable effects of  PGBR found in this study 
can be explained by several mechanisms. Among them, 
dietary fiber may be the most important factor. Dietary 
fiber is known to control blood glucose and lipid con-
centrations (28–35). Whole grains rich in fiber have 
beneficial effects of  lowering fasting insulin level and 
decreasing the risk of  cardiac disease in diabetes and 
obese adults (32–34).

In this study, since the fiber concentration of  PGBR is 
not available in Vietnam, we used the data shown in our 
previous study (20). The concentrations of  fiber of  BR, 
PGBR and WR from the same type of  short grain rice 
(Japonica) produced in the same area in Japan were 2.0, 
1.9 and 0.4 g/100 g, respectively. Mean fiber intake in 
this study was 13.1 g and 6.8 g/d in the PGBR and WR 
groups, respectively (Table 3). Fiber slows carbohydrate 
digestion and glucose absorption. The greater the rate of  
increase in blood sugar, the more the body secrets insu-
lin, which stimulates the synthesis of  body fat and blood 
fatty acids and induces insulin resistance. Slower and 

lower absorption rates induce lower GI. We (22) stud-
ied GI values of  PGBR, BR and WR in the same subjects 
on different days. After fasting more than 10 h, each 
type of  cooked rice containing 50 g carbohydrate was 
given with 150 g water to subjects and blood was drawn 
at 0, 30, 60, 90 and 130 min and GI was calculated. 
GI values of  PGBR, BR and WR were 57, 62 and 76, 
respectively.

The PBGR group’s body weight decreased from 55.4 
to 51.8 kg (a 3.6 kg decrease in 4 mo), while the WR 
group’s changed only slightly, from 55.8 to 55.2 kg 
(Table 2) in spite of  a similar energy intake (Table 3). 
Energy intake was estimated by the nonconsecutive 3-d 
24-h recall method, which is generally regarded as reli-
able, at least for energy intake. It is well known that body 
weight is controlled by the energy balance. This means 
that there was a significant negative energy balance in 
the PGBR group, perhaps through a lower absorption 
rate of  PGBR. Fiber absorbs some of  the calories in a 
meal by trapping nutrients in its gel so that it is harder 
for them to be absorbed before leaving the body as elimi-
nated waste. Mean fiber intake in this study was 13.1 g 
and 6.8 g/d in the PGBR and WR groups, respectively 
(Table 3). However, we may not be able to explain such 
a great decrease of  body weight only by fiber. We are 
now planning to confirm the results by further studies 
together with the absorption study.

In conclusion, the present study in Vietnamese with 
IGT shows that replacing WR with PGBR can improve 
the blood glucose and lipid levels as well as reducing 
body weight. The taste of  PGBR was also well accepted. 
For these reasons, the rapid increase of  DM in Vietnam-
ese could be to a large extent controlled by the use of  
PGBR.
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