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ABSTRACT

Brown rice, derived from white rice with the removal of the husk, contains higher dietary fiber and
a lower glycemic index than regular white rice. These advantages can be an alternative diet for
individuals with type 2 diabetes mellitus. Type 2 diabetes mellitus is a metabolic disease ranked as
the fourth leading cause of death in the world, often associated with obesity. In addition, insulin
insensitivity in individuals with type 2 diabetes leads to increased hunger (polyphagia) and
overeating, resulting in increased BMI and waist circumference. The purpose of this study is to
determine the effect of the brown rice diet intervention on BMI and waist circumference of patients
with type 2 diabetes. This study was a pre-experimental study without control variables and the
sample was not selected randomly, using a one-group pretest-posttest design with a 3-month
intervention. Data analysis in this study used the Shapiro-Wilk normality test followed by the paired
t-test to determine the difference between two paired samples. The statistical results showed
significant changes in BMI and abdominal circumference (p = 0.002 and p = 0.008, respectively). In
conclusion, there are differences in BMI and abdominal circumference of patients with type 2
diabetes mellitus before and after the intervention of a brown rice-based diet menu.
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16.2 million in 2040. Hence, Indonesia
will rank sixth for people with DM Type 2
in the world by 2040 (1).

Being overweight or obese can
serve as a trigger for DM. Research
conducted on the population shows that
the likelihood of developing DM in obese
people is greater than in slim people. Type
2 DM is often associated with unhealthy
lifestyle factors. There are 90-95% of all
people with DM suffer from type 2
diabetes (2).

Poor diet and irregular exercise
can increase the risk of central obesity.
Central obesity can be measured using
abdominal circumference, while Body
Mass Index (BMI) can be used to
determine whether someone is obese or
not (3).

Most diabetic patients frequently
feel hungry because the intake they
consume cannot be converted into energy.
Therefore, it often causes DM patients to
overeat and results in an increase in BMI
and abdominal circumference. According
to Fatimah (2015), this situation occurs
due to cellular insensitivity to insulin.
Blood sugar will rise as a result of the
decreased insulin secretion by pancreatic
beta cells or impaired insulin function
(insulin resistance).

According to research by Kozuka
et al. (2013), brown rice has the potential
to improve glucose tolerance and insulin
resistance in type 2 DM sufferers. In
addition, switching the source of
carbohydrate intake from white rice to
brown rice significantly reduces body
weight and improves glucose and fat
metabolism in people with metabolic
syndrome. Brown rice is a grain that can
only be consumed once the aleurone layer
of rice or the outermost layer and rice husk
have been removed (6). Compared to
white rice, brown rice contains four times
higher fiber and has a lower glycemic
index, making it a healthier choice for
people with obesity and diabetes to
consume (5).
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Brown rice has high LPL levels
(lipoprotein lipase), which help inhibit fat
accumulation and ultimately reduce the
risk of central obesity. Abdominal
circumference and BMI are two
parameters in determining the nutritional
status of whether a person is obese or not.
Insufficient fiber consumption increases
the likelihood of the occurrence of obesity,
whereas an adequate consumption of fiber
can reduce the risk of obesity and other
degenerative diseases, such as DM type 2

(7).
RESEARCH METHODS

Design/Research Design

This research used a pre-experimental
design without control variables, and the
sample is not randomly selected (8). This
study used a single-group design with one-
group pretest-posttest. Testing was carried
out before and after the intervention, and
the differences between the results pretest-
posttest were assessed as the effect of the
intervention (9). The intervention was
carried out for three months for each
respondent.

Data Source

All data collected were primary
data obtained through several methods
including direct interviews and direct
anthropometric measurements. The data
collected included characteristics of the
respondents (gender, age, occupation,
medical history), weight, height, and food
intake.

Research Target

The research respondents were all
outpatients diagnosed with type 2 DM at
Griya Bromo Clinic, Malang, Indonesia.
The inclusion criteria were as follows:
female, aged 40-60 years, BMI ranging
from 24-28 kg/m?, HbAlc <8% treated
with 1 or a combination of OAD (Anti-
Diabetic Drugs), and willingness to
participate as a research respondent
(proven by signing the informed consent).
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The exclusion criteria included the
presence of heart, kidney, and malignancy
disorders, a history of gastrointestinal
disorders requiring long-term medical
therapy, an active smoker, and antibiotic
use in the month prior to fecal sampling.

Development of Data Collection
Instruments and Techniques
Data on respondents’

characteristics were collected using a
questionnaire. The nutritional status of the
respondents was determined from BMI
measurements using a microtoa with an
accuracy of 0.1 cm to measure height and
Bioelectrical Impedance Analysis for
body weight measurement. Then, BMI
was categorized into SiXx  groups:
underweight (<18.5), normal range (18.5 -
22.9), overweight (>23), at risk (23.0 —
24.9), obesity 1 (25.0 — 29.9), and obesity
II (=30). Weight measurements were
conducted every month. Abdominal
circumference was measured using the
metline with an accuracy of 0.1 cm and
categorized as normal (<80 cm) or
indicative of abdominal obesity (>80 cm).
Abdominal circumference measurements
were carried out before and after the
intervention.

Food intake data prior to the
intervention were taken using a semi-
quantitative food frequency method to
find out the description of the
respondents’ eating habits. During the
intervention, food intake data were

collected using a food record method three
times a week for 12 weeks, specifically on
two working days (Monday and
Wednesday) and one day off (Saturday).

The intervention was given in the
form of three main meals (with brown rice
as the staple food) and three side dishes
every Monday and Saturday. On Sundays,
respondents were free to consume
personal food while still paying attention
to their daily needs.

Data Analysis Technique

The data were analyzed using the
SPSS version 15 statistical program. The
data normality test was carried out by
testing Sapphire Wilk because the number
of samples was below 50 people. Then, the
test Paired T-test with a 5% error rate was
performed to find out the differences
between paired samples.

This research has received a
Certificate of Eligibility for Research
Ethics from the Ethics Commission of the
Faculty of Medicine, University of
Brawijaya Malang with a certificate
number 143/EC/KEPK/07/2016.

RESEARCH RESULT
Overview of Respondents

All respondents were female,
ranging in age from 40 to 60 years. Table
1 shows 66.6% of the respondents belong
to the early elderly group (46-55 years).

Table 1. Total Distribution of Respondents by Age

No Age (Year) Amount
n %
1 36 —45 1 5,6
2 46 — 55 12 66,6
3 56 — 65 5 27,8
Total 18 100

Most of the respondents are housewives
(61.1%). Data on respondents’ occupation
distribution can be seen in Table 2.
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Table 2. Distribution of Respondents’ Occupation

. Amount
Profession 0 %

Teacher 1 5,6
Housewife 11 61,1
Posyandu cadres 1 5,6
Headmaster 1 5,6
Church officer 1 5,6
Notary officer 1 5,6
Tailor 2 11,1

Total 18 100

In fact, one-third of the total respondents
had a history of hypercholesterolemia,
which is characterized by a total serum
cholesterol level higher or equal to 200
mg/dL.

Furthermore, 83.3% of respondents had
been living with type 2 DM for more than
6.5 years. The duration of suffering from
type 2 DM was calculated from the time of
the initial diagnosis. The data are
presented in Table 3.

Table 3. Duration of Respondents Suffer

Duration (year) Frequency
n %
<6,5 15 83,3
>6,5 3 16,7
Total 18 100

Description of Respondents’ Energy
Intake

Table 4 shows that prior to
receiving the intervention, 27.8% of
respondents had moderate to severe deficit
consumption levels, while 22.2% of

respondents had a level of energy intake
that exceeds their needs. However, after
the intervention, the energy intake of the
respondents improved, declining from the
mild to normal deficit category.

Table 4. Distribution of Respondents’ Energy Adequacy Levels

Respondents’ amount

Energy Adequacy Level Pre Post

% n %
Severe deficit (<70%) 16,7 0 0
Moderate deficit
(70 — 79%) 2 111 0 0
Mild deficit
(80 — 89%) 3 16,7 8 444
Normal
(90 — 119%) 6 33,3 10 55,6
Excess (>120%) 4 22,2 0 0
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Description of Respondents’ Fat Intake
Before the intervention, more than

half of the respondents (55.5%) had fat

intake below the RDA, while 16.7% of

respondents had fat intake above the RDA.
After the intervention, fat intake improved
to a mild to normal deficit category. The
data can be seen in Table 5.

Table 5. Average Level of Respondents’ Fat Intake

Amount
Intake Level Classification Pre Post
n % n %
Below the RDA (<90% RDA) 10 55,5 6 33,3
Normal (90 — 119% RDA) 5 27,8 12 66,7
Above RDA (>119% RDA) 3 16,7 0 0

Description of Respondents’ BMI and
Abdominal Circumference

Table 6 shows that more than half
of the respondents (66.6%) were included
in the obesity category | before receiving
the intervention. However, the prevalence
of respondents experiencing obesity |
decreased by around 5% after receiving
the intervention. Statistical test results also

show a significant p-value of 0.002
(p<0.05).  Furthermore, before the
intervention, 83.3% of respondents were
included in the abdominal obesity
category; but, after the intervention,
22.2% of respondents showed a reduction
in  abdominal  circumference  and
approached normal.

Table 6. Distribution of Respondents’ BMI Classification and Abdominal
Circumference

Pre Post
Variable Total Total p*

n % n %
BMI
Underweight (<18,5) 0 0 0 0
Normal (18,5 - 22,9) 3 16,7 4 22,2
Overweight (> 23,0) 0 0 0 0
Risky (23,0 — 24,9) 3 16,7 3 16,7
Obesity 1 (25,0 —29,9) 12 66,6 11 61
Obesity II (> 30,0) 0 0 0 0
Qtéc(j)ocrginal circumference 3 16,7 5 111
>80 cm 15 83,3 16 88,9

*Statistic test

DISCUSSION
Overview of Respondents

All respondents in this study were
female. The selection of female
respondents was based on that women
have a higher tendency to experience an
increase in body mass index than men.

This increase in body mass index is
associated with the development of
obesity, which is a risk factor for type 2
DM. It aligns with previous research
conducted by Aamir et al. (2019) and
Tripathy et al. (2017) that reported a
higher prevalence of diabetes among
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women in  population  surveys.
Furthermore, premenstrual syndrome
and postmenopausal changes contribute
to the accumulation of body fat, thereby
increasing the risk of developing type 2
diabetes mellitus in women (12).

In this study, respondents in the
early elderly age group (46-55 years) are
the most age group with type 2 DM. This
finding is in line with research conducted
by Cho in Asiimwe et al. (2020) that the
highest prevalence of diabetes is in the
age range of 45-64 years. It is because
aging leads to a decline in carbohydrate
metabolism, resulting in reduced blood
glucose usage and glucose tolerance, as
well as an increased likelihood of insulin
resistance (14).

Table 2 shows that most of the
respondents are housewives.
Housewives have a lot of free time which
results in a lack of physical activity. This
sedentary lifestyle increases the risk of
obesity, which is a risk factor for type 2
DM (15).

In addition to type 2 DM, some
respondents also had a history of
hypertension and hypercholesterolemia.
The combination of type 2 DM and high
cholesterol levels is proven to increase
insulin plasma production, which will
lead to decreased pancreatic function and
beta cell dysfunction, resulting in type 2
DM (16). Furthermore, hypertension is
also known to be one of the
complications of diabetes, and vice
versa. Patients with DM can experience
an increase in blood pressure; 40-60% of
cases of diabetes are also exhibiting high
blood pressure. Diabetes accompanied
by hypertension increases the risk of
stroke and myocardial infarction due to
progressive arteriosclerosis. Type 2
diabetes results in hyperinsulinemia,
which stimulates sympathetic nerve
activity and increases renin excretion.
Active renin, in turn, will activate the
sympathetic  nervous system and

increase cardiac output and vascular
resistance. This mechanism will increase
blood pressure (17).

There are 83.3% of respondents
who have been diagnosed with type 2
DM for more than 6.5 years. It is
important to note that as the duration of
type 2 DM increases, the likelihood of
experiencing complications also rises.
Besides, as the duration of suffering
increases, individuals may experience a
decrease in their knowledge and skills
related to the treatment of DM (18). This
is attributed to factors such as boredom
from sufferers so that it will reduce the
quality of life. Consequently, the quality
of life of DM patients can be improved
by adopting a healthy lifestyle, one of
which is by adhering to dietary
recommendations designed for
individuals with DM.

Analysis of Respondents’ Energy and
Fat Intake

Table 4 shows that before
receiving the intervention, 27.8% of
respondents had moderate to severe
deficit consumption levels, while 22.2%
of respondents had a level of energy
intake exceeding their needs. People
with DM are advised to follow the three
eating  principles  (right  amount,
schedule, and type). The principle of
eating the right amount emphasizes the
importance of aligning calorie intake
with daily needs. In this study,
respondents received a diet tailored to
their calorie needs so that their calorie
intake was neither excessive nor lacking.
In line with Putra, 1. W. A., & Berawi
(2015), patients with DM must avoid
consuming excessive calories to prevent
further complications. Determining the
daily calories must consider several
factors, such as nutritional status, age,
stress, and physical activity.

One of the objectives of
providing nutritional therapy to diabetic
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patients, especially type 2 diabetes
mellitus, is to maintain body weight
within the normal range. Type 2 DM
patients with obesity are advised to lose
weight to improve glycemic control (20).
Data in Table 4 show that 44.4% of
respondents had a mild deficit in energy
adequacy, and 55.6% of respondents
were in the normal category. These
findings are in line with the fact that
66.6% of respondents were classified as
obesity I, suggesting the need for gradual
weight reduction. Providing a mild level
of calorie deficit is known to help
improve  BMI  and  abdominal
circumference in people with obesity.
Excessive calorie reduction, on the other
hand, may not help improve the BMI and
abdominal circumference of respondents
with type 2 DM, but it increases the risk
of other complications, such as
hypoglycemia.

Besides the calorie intake, the
selection of food ingredients for people
with DM needs to be carefully
considered. Patients with DM are not
advised to consume food with a high
Glycemic Index. Before the intervention,
the respondents had the habit of
consuming white rice as their staple
food, which has a high glycemic index
and can increase glucose intolerance. In
addition, consuming white rice as a
staple food will have an impact on the
glycemic index load because of the
dominant portion of white rice (21).

The dietary intervention given to
respondents in this study was
implemented using brown rice as a
substitute for white rice. It is because
brown rice is unpolished rice, so the
amylose content is higher than white
rice. According to research by Fa et al.
(2019), higher amylose content in food
leads to a lower glycemic index value.

Regarding fat intake, data in Table
5 shows that more than half of the
respondents (55.5%) had fat intake

below the RDA prior to the intervention,
while 16.7% of respondents had fat
intake above the RDA. Excessive fat
intake, if it is not balanced with adequate
physical activity, can cause fat
accumulation. This fat accumulation can
increase the occurrence of central
obesity. From Table 5, the average fat
intake during the intervention was also
given below the RDA to match the RDA
because 83.3% of respondents had
central obesity, marked by abdominal
circumference higher than 80 cm, before
the intervention. Central obesity occurs
when there is an accumulation of fat in a
part of the body, one of which is
accumulation in the abdomen or intra-
abdominal and subcutaneous in the
abdominal area (23). According to
Bertalina & Muliani (2016), central
obesity is closely related to the incidence
of type 2 DM. One of the causes of
central obesity is excessive consumption
of fat, which causes fat accumulation.

Analysis of BMI and Respondents’
Abdominal Circumference Changes

Body mass index and abdominal
circumference are parameters commonly
used to determine whether a person is
obese or not. Obesity is a known risk
factor for obesity (24). A person is stated
to be obese if the BMI is > 25 kg/m?,
BMI is applicable across the general
population and does not depend on age
and gender, but it may not be suitable for
pregnant women and also muscular
athletes.

Obesity has long been associated
with a risk factor for type 2 DM. Obesity
can cause insulin resistance and damage
to pancreatic [ cells, resulting in
inadequate insulin production. One of
the main contributing factors to insulin
resistance is due to the elevation of
plasma-free fatty acids (25).

Weight control needs to be done to
reduce the risk of metabolic diseases,
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including Type 2 DM. Calorie-deficit
diets are commonly employed as a
method to control weight (26). This
study used a DM diet of 1300 -1500
kcal/day with brown rice as the staple
food for type 2 DM patients with obesity.
After a 3-month intervention, there was
a decrease in the prevalence of obesity
among respondents. Apart from being
affected by mild calorie deficits, another
contributing factor to improving weight
is the consumption of brown rice, which
is high in fiber. The high fiber content in
brown rice slows down gastric emptying
compared to white rice, leading to
increased satiety and reduced excessive
intake (27).

The results of this study showed a
5% decreased prevalence of obesity in
respondents. The results of this study are
in line with the research of Sawada et al.
(2019), that consuming brown rice as the
main food can play a role in controlling
body weight. The statistical test results
also showed a significance value or p-
value of 0.002 (p <0.05). Hence, it could
be concluded that there was a difference
in the BMI of respondents with type 2
DM before and after the brown rice-
based diet menu intervention.

Excessive fat intake can trigger
excess fat accumulation in the body and
can cause central obesity when fat
accumulates in a specific area. After the
intervention, 22.2% of respondents
achieved abdominal circumference close
to normal. It can be attributed to the
controlled intake of fat and calories
during the intervention. Research by
Hooper et al. (2015) also supports this by
stating that a controlled fat diet has been
shown to reduce body weight and body
fat percentage, resulting in
improvements in body weight and
abdominal circumference. The results of
the statistical test showed a p-value of
0.008 (p <0.05), meaning that there was
a difference between the abdominal

circumference of respondents with type
2 DM before and after the intervention
with the brown rice-based diet menu.

Effect of Brown Rice-Based Diet on
Improvement of BMI and Abdominal
Circumference

The results of this study show that
the brown rice-based diet intervention
improved the respondent’s BMI and
abdominal circumference, as indicated in
Table 6. This improvement is attributed
to the nutritional content of brown rice,
which is better than ordinary white rice.
Brown rice contains phytosterols, which
act as antioxidants. Phytosterols can
enhance the activity of lipoprotein lipase
(LPL), an enzyme that will inhibit fat
accumulation in peripheral tissues (6).

Besides, brown rice also contains
gamma-oryzanol, which is an anti-
obesity  substance.  Administering
gamma-oryzanol in  experimental
animals fed a high-fat diet to become
obese showed positive results that
gamma-oryzanol is able to control
weight gain and help reduce the
possibility — of  dyslipidemia in
experimental animals (30). Research by
Francisqueti et al. (2017) also states that
gamma-oryzanol plays a role in
preventing weight gain. In line with this
research, the results of this study also
showed a significant improvement in the
respondents’ BMI and abdominal
circumference.

Brown rice also contains high
fiber, which contributes to its lower
glycemic index than white rice. The fiber
in brown rice can help reduce weight
because fiber can promote satiety (6). A
similar study conducted by Delzenne et
al. (2020) stated that increased dietary
fiber intake, either from fiber-rich foods
or supplements, can help maintain or
promote weight loss in individuals who
are overweight.
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CONCLUSION

The brown rice-based diet
intervention had a significant effect on
the BMI and abdominal circumference
of the respondents in this study. The
intervention resulted in a 5.6% decrease
in the prevalence of obesity | and a 5.5%
increase in the prevalence of respondents
with normal BMI category. Statistical
test results also showed that changes in
BMI before and after the intervention
were significant (0.002; p<0.05).

Furthermore, 22.2% of
respondents experienced a decrease in
abdominal circumference, close to
normal following the brown rice-based
diet menu intervention. The statistical
test results also showed significant
changes in abdominal circumference
before and after the intervention (0.008;
p<0.05). However, 88.9% of
respondents still had central obesity, as
their abdominal circumference exceeded
the normal limits of 80 cm.
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