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Objective: Extrusion is a widely used food processing technology. The aim of this study was
to investigate the effects of extruded adzuki bean convenient food (EABCF) on glycemic and
inflammation control in type 2 diabetes mellitus (T2DM) patients.

Patients and methods: In a randomized controlled trial, 120 T2DM patients were randomly
assigned to a control diet group (the low glycemic index [LGI] group, assigned the traditional
diabetic low glycemic index diet) or an intervention group (the EABCF group, assigned daily
consumption of EABCF). Diet information and blood samples were collected at baseline and
after a 4-week intervention. After excluding exogenous insulin users, a subgroup analysis based
on baseline fasting insulin (FINS) levels was conducted, and Homeostasis Model Assessment
(HOMA) was the target indicator.

Results: A total of 106 patients completed the trial, and 89 participants were included in the
subgroup analysis. After the intervention, glycemic control improved in both groups compared to
baseline, but the difference was not statistically significant (p>0.05). However, the EABCF group
showed decreased inflammation with significantly lower tumor necrosis factor alpha (TNF-o)
level compared to the control group (adjusted p<<0.01). There was also a slight increase in the
interleukin-6 (IL-6) level in the EABCF group (adjusted p=0.004). Moreover, the subgroup
analysis found that, after 4 weeks, a diet consisting of EABCF increased insulin secretion to
normal levels in the group with hypoinsulinism (baseline FINS<<5.2 mU/L). However, the
difference only showed a trend toward statistical significance (0.05<p=0.079<0.1).
Conclusion: EABCF had a similar hypoglycemic effect as the traditional diabetic LGI diet
and showed a greater inhibitory effect on inflammation in T2DM patients. However, further
clinical studies are needed to explore the underlying mechanism.

Keywords: processed food, dietary intervention, insulin resistance, interleukin-6, high sensitive C
reactive protein, tumor necrosis factor alpha, randomized controlled trial

Introduction

The incidence of type 2 diabetes mellitus (T2DM), a severe metabolic disorder,
has been increasing in recent years, and the incidence is estimated to increase from
4% to ~5.4% by 2025." A low glycemic index (LGI) diet, in which the glycemic
index of food is =55, has been regarded as the optimal diet for diabetic patients. The
key point of this diet is to choose appropriate staple foods. Traditional LGI grains
include buckwheat, oats, barley and wheat bran.? Along with such grains, some
starchy legumes, such as red adzuki bean (GI=26), are also a staple in the diabetic
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diet. In addition to having a LGI, adzuki has been found to
have hypoglycemic properties. Former case series studies
performed by the Institute of Crop Sciences of the Chinese
Academy of Agricultural Sciences (CAAS) have indicated
that extruded adzuki bean protein (10 mg/mL) has an inhibi-
tory effect on o-glucosidase in vitro (with an inhibition rate
of 60.44%).? In addition, the fasting blood glucose (FBG)
levels of type 2 diabetic mice significantly decreased after
they were given fodder enriched with 1% or 2% extruded
adzuki bean protein.*

The adzuki bean, also known as the small red bean, origi-
nated in China and has a long history of cultivation. The bean
has a stable production and is mainly distributed in northern
China, with a large proportion exported to Southeast Asian
countries such as Korea and Japan.® From the nutritional
standpoint, the small red bean, credited as “the red pearl
in grain,” is a starchy legume rich in a variety of minerals
such as iron, calcium, phosphorus and potassium. Further-
more, it contains large amounts of bioactive molecules such
as flavones, phytosterols, saponins and natural pigment.
Modern pharmacological studies have shown that the small
red bean has anti-inflammatory and antibacterial properties
affecting blood pressure and blood lipid levels, which are
likely due to its abundance of flavonoids and saponins.® The
flavonoids in the bean are mainly epicatechin, catechin, rutin
and Yang-mei rutinoside, with the average content of each
being 0.76-1.31 mg/g.” In vitro experiments have shown
that these flavonoids have anti-inflammatory properties,
which can inhibit proinflammatory cytokines, including
cyclooxygenase-2, lipoxygenase, inducible NO synthase,
nuclear factor kB (NF-kB) and activator protein-1 (AP-1).2
Other studies have indicated that flavonoids can also weaken
the expression of various inflammatory cytokines in mac-
rophages, T cells and peripheral blood mononuclear cells,
including TNF-o and interleukins.” However, the correlation
between the anti-inflammatory effect and hypoglycemic
effect of red adzuki bean has seldom been reported.

The extrusion process plays an important role in refin-
ing coarse grains, improving the taste of grains, eliminating
undesirable factors and increasing protein digestibility. It has
been applied widely to the manufacture of convenient foods
owing to its simple technique, low energy consumption
and low cost.’

To solve problems such as the unappealing taste of the
coarse staple food and the long cooking time, three kinds of
extruded adzuki bean convenient food (EABCF), including
vermicelli, instant powder and hard candy, have been devel-
oped by CAAS. However, the effectiveness of these products
requires validation using clinical trials. We hypothesize that

compared to the traditional diabetic LGI diet, EABCF is more
effective in controlling glucose levels and inflammation in
T2DM patients. To test this hypothesis, a parallel, random-
ized, open-label, controlled trial was designed to evaluate the
changes in glucose metabolism indicators and inflammatory
markers among T2DM patients following a 4-week EABCF
intervention compared to a traditional LGI diet.

Patients and methods

Participants

From January to February 2016, type 2 diabetic patients
were recruited from the endocrinology clinic of the Pinggu
Hospital of Traditional Chinese Medicine (Beijing, China).
The inclusion criteria were as follows: 1) diagnosis of
T2DM according to the Type 2 Diabetes ADA Diagnosis
Criteria;'’ 2) age between 30 and 65 years; 3) latest lab-
texting FBG=6.1 mmol/L or glycosylated hemoglobin
(HbAlc)>6.5; 4) volunteers with normal cognition, word
fluency, mobility and literacy; and 5) informed and volun-
tary participation. The exclusion criteria were as follows:
1) T2DM patients with serious complications such as diabetic
ketoacidosis or hyperglycemic hyperosmolar syndrome;
2) patients with acute cardiovascular disease; 3) patients
with malignancy, infection, active inflammation, diseases
of the immune system or diseases of the hematopoietic
system; 4) T2DM patients with severe liver or kidney dys-
function; and 5) pregnant or lactating women. The subject’s
medications or other clinical interventions were required to
remain unchanged during the intervention period; otherwise,
the subject was excluded. The sample size estimation was
based on the study of the prevalence and control of diabetes
in Chinese adults by Wang,"' which showed that at least
50 people for each group are needed to observe a change in
fasting blood sugar levels. Based on a 20% rate of missing
data, this study was estimated to require 120 participants.
In total, 216 patients responded to the recruiting advertise-
ment, 182 of which met the inclusion criteria. Out form the
182 candidates, 120 patients were selected using the random
number table. Next, 120 selected patients were randomly
assigned to the control group (LGI group) or the interven-
tion group (EABCF group), with 60 subjects in each group.
During the 4-week intervention, 14 subjects withdrew, and
the remaining 106 subjects completed the study, resulting
in 51 subjects in the LGI group and 55 in the EABCF group
(Figure 1).

Study design
A parallel, randomized, open-label, controlled, 4-week
dietary intervention trial was designed to compare the
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Figure | Flow chart for subject recruitment, enrollment and group assignment.

Abbreviations: EABCF, extruded adzuki bean convenient food; FBG, fasting blood glucose; HbA ¢, glycosylated hemoglobin; LG, low glycemic index.

effects of a traditional diabetic LGI diet (control) and a diet
consisting of the EABCF (intervention) on glycemic control
and inflammation in patients with T2DM. All participants
underwent a training course conducted by 4 trained dietician
assistants prior to the start of the intervention. The training
course covered basic knowledge of dietary management of
diabetes mellitus (DM), including the glycemic index of
foods, food exchanges, and raw-mature conversions, and the
instructions for completing the daily dietary diary. During
the first face-to-face outpatient consultation, every participant
received a personalized dietary regimen with details of daily
calories and dietary intake requirements from different foods.
The recipes were formulated by 3 professional dieticians
according to the Dietary Guidelines for Chinese Residents
(2016)" and the Chinese Guidelines for Nutritional Treat-
ment for Diabetes (2013).1* Subjects were required to follow
different instructions regarding the dietary intake of grains
depending on their group assignment. The control group
was to consume traditional LGI grains, such as buckwheat,
oats, barley, wheat bran and starchy beans (excluding red
adzuki beans), whereas the EABCF group was to consume
the EABCF vermicelli with the same calories for one meal
(preferably breakfast). Subjects in the EABCF group were

also required to consume 2 bags of EABCF instant powder
before each of the three meals and chew the EABCF hard
candies, two at a time, three times a day.

Participants in the EABCF group were asked to return
the uneaten vermicelli, instant powder and hard candy each
week, and the researchers tracked the consumption of the
intervention food. All participants were required to record
their daily diet in a dietary diary in a consistent format,
and the diaries were analyzed at the end of the study.
Every subject was equipped with a food scale to ensure the
accuracy of the daily diet. During the 4-week intervention
period, both groups of subjects were asked to maintain their
exercise habits and medication regimens and periodically
provide the researchers with feedback regarding their health.
The researchers would carry out weekly telephone or face
interview to assess whether the subjects were continually
suitable for the study.

Intervention characteristics

There were three kinds of modified convenient food made of
extruded red adzuki bean for the intervention diet, including
vermicelli, instant powder and hard candy. The extrusion pro-
cess was developed by CAAS, and the Shandong Kangmei

Therapeutics and Clinical Risk Management 2018:14

submit your manuscript

873

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Liu et al

Dove

Pharmaceutical Co., Ltd (Shandong, China) produced the
test samples. The nutritional components, specifications
and directions for the three types of intervention foods are
listed in Table 1.

Questionnaire design

The questionnaires involved in this study were the Patient’s
Basic Information Form and the Dietary Diary Record
Sheet. The Basic Information Questionnaire, designed by
the present authors, asked about demographic characteris-
tics, diabetes history, family history, medication history and
diabetic complications, along with information regarding
other comorbidities and drug usage. The questionnaire was
immediately collected after completion at the first visit, while
the dietary records were collected and reviewed by the dieti-
cian assistants every week. Four weeks later, two researchers
extracted the data from the dietary diary into the Nutrition
Clinic Consultation Management System in parallel, a diet
information analysis software.

Study indices

Before and after the intervention, calibrated instruments were
used to measure the height, body weight, waist and hipline
of each subject using standard methods. All parameters
were measured twice, and the average values were recorded.
The body mass index (BMI) was calculated according to the
formula BMI=weight (kg)/height? (m?), and the waist-to-hip
ratio (WHR) was calculated using the formula WHR=waist
circumference (cm)/hip circumference (cm). The systolic
and diastolic blood pressure were measured on the right

arm using the Omron HEM-7000 electronic blood pressure
monitor (Dalian, China). Before and after the intervention, all
subjects underwent venous blood collection in the morning
after fasting for at least 8 hours to determine levels of FBG,
HbAc, glycated albumin (GA), fasting insulin (FINS), high
sensitive C reactive protein (hs-CRP), tumor necrosis factor
alpha (TNF-0) and interleukin-6 (IL-6). The blood samples
were sent to the clinical laboratory center of Peking Union
Medical College Hospital (PUMCH). FBG was measured
by the Olympus AU5400 automatic analyzer (Olympus
Corporation, Tokyo, Japan) using commercial kits from
Wako Pure Chemical Industries Ltd (Osaka, Japan). The
level of HbA 1¢ was analyzed by a glycosylated glucose meter
(Bio-Rad Laboratories Inc., Hercules, CA, USA) based on
high-performance liquid chromatography (HPLC). GA was
tested by enzymology using the Japan Lucina GA-L kit from
Asahi Kasei Corporation (Tokyo, Japan). The level of FINS
was analyzed by ADVIA Centaur CP Immunoassay System
(Siemens AG, Berlin and Munich, Germany). The detection
of hs-CRP using the immune transmission ratio was con-
ducted by the Beckman Coulter LX-20 automatic biochemical
analyzer (Beckman Coulter Inc., Brea, CA, USA). TNF-o
and IL-6 levels were detected by enzyme linked immu-
nosorbent assay (ELISA) using a Siemens Immulite 1000
(Siemens AG). Other formulas involved were as follows:
the insulin resistance index (Homeostasis Model Assess-
ment (HOMA)-IR)=FBG (mmol/L)XFINS (uWU/mL)/22.5;
insulin sensitivity index (HOMA-IS)=22.5/[FBG (mmol/L)x
FINS (uU/mL)]; and pancreatic beta-cell function index
(HOMA-B)=20xFINS (WU/mL)/[FPG (mmol/L) — 3.5] (%).

Table | Nutritional components, specifications and directions for the extruded red adzuki bean convenient food

Vermicelli

Instant powder Hard candy

Nutritional information (per 100 g/NRV%)

Energy 1,467 K)/17%
Protein 16.5 g/28%
Fat 1.02 g/2%
Carbohydrate 65.1 g/22%
Soluble dietary fiber 1.6 gl6%
Insoluble dietary fiber 3.75 g/15%
Sodium 314 mg/16%

Specifications
100 g/bagx5 bags/package
Active ingredient (adzuki bean extract)

=10 g/bag
Direction
Minimum recommended intake 50-75 g/d
Best consumption time Breakfast

Administration Boil for 10—15 minutes

1,528 KJ/18% 1,586 KJ/19%

16.3 g/27% 6.4g/11%
1.1 g2% 1.1 gl2%
67.6 g/22% 81.4 g/27%
<5 mg/0% <5 mg/0%

8 g/bagx30 bags/box 2 g/tabletx24 tablets/box

=5 g/bag =0.8 g/tablet

48 g/d (2 bagsxTid)

Pre-prandial

12 g/d (2 tabletsxTid)
Snacks

Dissolve using warm water Chew

Note: “~” =undetected; Tid=three times a day.
Abbreviation: NRV, nutrient reference value.

submit your manuscript

874

Dove

Therapeutics and Clinical Risk Management 2018:14


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

The effects of extruded adzuki bean convenient food in T2DM patients

Quality control

The questionnaires and dietary diaries used in the study were
created based on relevant references and repeated modifica-
tions by clinicians. The questionnaires and dietary diaries
were handed out, collected and organized by a designated
researcher. Any sheets with missing or false information
were identified and immediately completed or corrected by
calling the corresponding subjects. The data of these forms
were independently entered by two researchers. The inputted
data were confirmed by mutual inspection. All researchers
and volunteers involved in this study were strictly trained
to ensure scientific accuracy, strictness and consistency in
the data collection. Blood test results were reported by the
laboratory of PUMCH and directly imported into SPSS17.0.
All blood samples for blood sugar detection were tested
within 2 hours of collection, while the other tests were com-
pleted within 24 hours of blood collection. To minimize the
dropout rate, all participants were informed of the potential
significance of this study at the time of enrollment, and
the researchers remained in contact with the participants
throughout the study.

Data analysis

All data were analyzed by SPSS17.0. Continuous variables
were expressed as mean £ SD. Continuous variables derived
from the original data were expressed as mean and 95% Cls.
Dichotomous variables were expressed as numbers with
percentages (%). For a non-normal distribution, the Kruskal—
Wallis H test was used to compare multiple independent
samples. For normal distributions, the independent -test
was used for comparisons between groups, and the paired
t-test was used for comparisons within groups. Analysis of
covariance (ANCOVA) using a generalized linear model
was performed to eliminate potential confounding factors,
and the food intake variables were adjusted by gender, age,
height and baseline weight; weight and BMI were auto-
matically adjusted by gender and age. The FBG, HbAlc,
GA, FINS, hs-CRP, TNF-o and IL-6 values were adjusted
by gender, age, baseline BMI and duration of diabetes.
The naturally logarithmic values of FINS, HOMA-IR,
HOMA-IS and HOMA -3 were used for subgroup analysis.
Values of p<<0.05 were considered statistically signifi-
cant; if 0.05<p<<0.1, there was a trend toward statistical
significance.

Ethics approval and informed consent
This study was registered on Clinical Trials.gov with the iden-
tification NCT02999867. The study protocol was approved

by the Ethnic Committee of Peking Union Medical College
Hospital, Chinese Academy of Medical Sciences (Unique
Protocol ID: PUMCH-ZS-1048). All 120 participants were
informed of the details of this study, and every participant
provided written informed consent for this study.

Results

Baseline characteristics

A total of 120 patients with T2DM were enrolled in the study.
After the 4-week intervention, 14 patients withdrew, and the
remaining 106 patients completed the study (51 in the LGI
group and 55 in the EABCF group) (Figure 1).

The sex ratio and the average age, height and baseline
weight of the two groups were not significantly different
(p>0.05). The mean age of the 120 patients was 57.5 years,
and nearly 70% of them had abdominal obesity. Abdominal
obesity was defined as male waist circumference =90 cm
or female waist circumference =80 cm.'* The data from the
questionnaires showed that there were no statistically sig-
nificant differences in the history of diabetes, family history
of diabetes, the use of antidiabetic drugs and the incidence
of diabetic complications between the two groups (p>0.05).
The number of hypertensive patients in the EABCF group
was two times that in the LGI group (30 cases vs 15 cases,
p=0.032). The average value of systolic and diastolic blood
pressures and the number of patients taking antihyperten-
sive drugs were higher in the EABCF group; however,
the differences were not statistically significant (p>0.05).
The incidence of dyslipidemia and the number of subjects
using lipid-lowering agents were similar in the two groups
(p>0.05) (Table 2).

Dietary assessment

The Nutrition Clinic Consultation Management System
(Zhending Health Technology Co Ltd, Shanghai, China) was
used to assess the diet according to the diaries kept by the
participants, and the statistics of nutrient intake were calcu-
lated automatically based on the Chinese Food Composition
Table (2009)? and the nutritional values of the intervention
food (Table 1). To eliminate bias from confounding factors,
the results were adjusted by gender, age, height and base-
line weight using the ANCOVA generalized linear model.
Before the intervention, the daily energy intake, the intake
of the three nutrients and the energy supply ratio of the two
groups were nearly the same, and there were no statistically
significant differences between the two groups (adjusted
p>>0.05). The two groups had similar dietary fiber and fatty
acid intake patterns (adjusted p>0.05). After the 4-week
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Table 2 Characteristics of the participants at baseline

Characteristics LGI EABCF p-value

group group

(n=51) (n=55)
Male, n (%) 24 (47.1) 23 (41.8) 0.696
Age (years) 57.418.8 57.618.8 0.912
Weight (kg) 68.1£10.7  70.2+10.2  0.321
Height (cm) 1614184  160.8£6.9 0.719
Abdominal obesity,* n (%) 35 (68.6) 38 (69.1) 1.000
Duration of DM (years) 9.1£6.5 8.11£5.6 0.358
Family history, n (%) 22 (43.1) 26 (47.3) 0.700
Diabetes medication use 0.263
No diabetes medication, n (%) 14 (27.5) 9 (16.4) -
Oral only, n (%) 30 (58.8) 36 (65.5) -
Insulin only, n (%) 2 (3.9) 3 (5.5) -
Oral and insulin, n (%) 5(9.8) 7 (12.7) -
Complication, n (%) 11 (21.6) 10 (18.2) 0.808

Systolic blood pressure (mmHg) 136.6+17.7 141.3£17.6 0.174
Diastolic blood pressure (mmHg)  76.9£10.2 794109  0.221

Hypertension,” n (%) 15 (29.4) 30 (54.5) 0.032
Antihypertensive agents, n (%) 12 (23.5) 21 (38.2) 0.142
Dyslipidemia,® n (%) 22 (43.1) 26 (47.3) 0.700
Lipid-lowering agents, n (%) Il (21.6) 8 (14.5) 0.449

Notes: Continuous variables are expressed as mean + standard deviation, and the
difference between groups was tested by the independent t-test; dichotomous variables
are expressed as numbers (percentage, n (%)), and the difference between groups was
analyzed by a cross table. The difference was considered statistically significant if p<<0.05.
If 0.05<p<<0.1, there was a trend toward statistical significance. *Abdominal obesity
was defined as male circumference =90 cm or female waist circumference =80 cm.'*
*The diagnosis of hypertension was made according to the 7th Report of the Joint
National Committee on Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure.' “The diagnosis of dyslipidemia was based on the American guidelines
from the National Cholesterol Education Program Adult Treatment Panel IIl (ATP IlI)
published in 2002 and updated in 2004.'¢!7 “~” = not caculated.

Abbreviations: EABCF, extruded adzuki bean convenient food; DM, diabetes
mellitus; LGI, low glycemic index.

intervention, the fat intake decreased, and the energy supply
ratio of fatty acids fell below 25% in both groups (adjusted
p>0.05). Although the total intake of fat decreased, the
ratio of fatty acid types remained unchanged (saturated:
monounsaturated: polyunsaturated fatty acids equal to
2:1:1). The carbohydrate to energy ratio decreased below
60% (59%) after the 4-week intervention, while the ratio in
the control group remained >60% (61.32%). This differ-
ence between the groups trended to statistical significance
(0.05<p=0.066<<0.1). After the EABCF intervention, the
protein intake increased to nearly 60 g per day, which was
a significantly higher than that in the LGI group (59.85 g vs
55.09 g; 0.05<p=0.055<<0.1). On the other hand, at the end
of the study, the protein to energy ratio in the EABCF group
showed a marked increase to 17.34%. This increase and the
absolute value of protein intake were significantly higher
than those in the control group (adjusted p=0.042 and 0.001,
respectively). In terms of dietary fiber intake, compared to
baseline, the control group showed a more significantly
decline (p=0.048) (Table 3).

Table 3 Daily energy and nutrient intakes of the participants during the study period

p-value
Crude

=55)

EABCF group (n

Crude

51)

Low glycemic index group (n

Crude

Variable

Adjusted

Adjusted

Adjusted

Energy (KJ)

6,488.46 (5,982.91 to 6,994.02) 6,665.73 (6,101.13 to 7,230.32) 6,646.71 (6,160.13 to 7,133.30) 0.587 0.658

6,467.96 (6,020.69 to 6,915.23)

Baseline
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Glycemic control and inflammatory status
The ANCOVA generalized linear model was used to adjust
for the possible bias of gender and age on weight and BMI.
The adjusted mean weight and BMI indicated that most
participants were overweight (24=BMI<28 kg/m?) at the
start of the study, and the average weight of the EABCF
group was slightly higher than that of the LGI group. The
BMI classification criteria are the standard obesity classifica-
tion for Chinese residents.'® After the 4-week intervention,
the weight of either group did not show obvious changes.
Similarly, the four selected glycemic control indicators were
similar between groups at baseline (p>0.05), although the
baseline levels for FBG, HbAlc and GA in the EABCF
group were slightly higher than those in the LGI group and
the level of FINS in the EABCF group was slightly lower
than that in the LGI group. At the end of the study, all four
indicators decreased in both groups; however, no statistically
significant difference was found between groups (adjusted
p>>0.05). The p-value was calculated after adjusting for con-
founding factors including gender, age, history of diabetes and
baseline BMI. In addition, it should be noted that at the end
of the study, the level of FINS of one female participant in
the EABCF group was not obtained due to laboratory error.

On the other hand, the changes in inflammatory markers
were more marked. Three inflammatory factors were selected
to monitor the inflammatory status of all participants before
and after the intervention. The outcomes were adjusted by
gender, age, history of diabetes and baseline BMI. Before
the intervention, the EABCF group reflected a more severe
inflammatory state, suggested by a significantly higher
interleukin-6 (IL-6) level compared with the LGI group
(adjusted p=0.041). After the 4-week intervention, the three
indicators hs-CRP, TNF-a and interleukin-6 (IL-6) showed
different trends. In the LGI group, the hs-CRP level decreased
slightly, while the TNF-o. and IL-6 levels increased mark-
edly. Conversely, the TNF-a level decreased in the EABCF
group and was significantly lower than that in the LGI group
(adjusted p<<0.01). Although the IL-6 levels increased in
both groups compared to baseline, the LGI group showed
a significantly greater increase than compared to the inter-
vention group (adjusted p=0.004). At the end of the study,
the IL-6 level in the EABCF group trended toward being
statistically significantly lower than that in the LGI group
(adjusted 0.05<p=0.051<0.1) (Table 4).

Subgroup analysis of HOMA models

based on different levels of baseline FINS
To investigate the association of inflammatory status with
insulin resistance, insulin sensitivity and islet beta cell function,

a subgroup analysis of HOMA indices based on different
levels of baseline FINS was performed. Patients treated
with exogenous insulin were excluded from this subgroup
analysis. The two groups of subjects were each divided into
three subgroups according to baseline FINS levels: the over-
secretion group (FINS=17.2 mU/L), the normal-secretion
group (5.2=FINS<17.2 mU/L) and the inhibited-secretion
group (FINS<5.2 mU/L). The standard reference for group-
ing was the normal range of FINS (5.2—-17.2 mU/L) provided
by the PUMCH laboratory. After excluding patients who use
exogenous insulin, the remaining 89 subjects were included
in the subgroup analysis, of whom 44 were in the LGI group
and 45 were in the EABCF group. At the end of the trial, the
FINS level of one female subject in the EABCF group was
not available; therefore, her data were excluded from the sub-
group analysis, ultimately leaving 44 subjects in the EABCF
group. The researchers calculated HOMA-IR, HOMA-IS and
HOMA - using the formulas mentioned in the methodology
section. The values of FINS, HOMA-IR, HOMA-IS and
HOMA-3 showed non-normal distributions. Thus, before the
statistical analysis, natural logarithms were obtained to meet
the normal distribution. Before the intervention, there was
no significant difference in the baseline indices between the
groups (p>0.05). After the 4 weeks, the HOMA indicators
showed different trends in the three subgroups. The trends in
the insulin over-secretion and normal-secretion groups were
similar: the FINS, HOMA-IR, and HOMA-B values declined
slightly from baseline and HOMA-IS increased slightly
after the intervention in both groups. There were no sig-
nificant differences between the groups (p>0.05). Unlike
these two groups, the trends observed in the inhibited-
secretion group was the opposite: the secretion of FINS
increased in both groups, and the average level of FINS in
the EABCF group was within the normal range of FINS
(5.2 mU/L<7.27 mU/L<17.2 mU/L). The FINS value of
the LGI group (4.51 mU/L<<5.2 mU/L) was still abnormal.
The difference in the FINS between the two groups had a
trend toward statistical significance (0.05<p=0.091<0.1).
Atbaseline or 4 weeks later, the between-group differences in
the logarithm of HOMA-IS, HOMA-IR and HOMA-f were
not statistically significant (p>0.05) (Table 5).

Discussion

This study included 120 patients with type 2 diabetes, with
14 subjects withdrawing during the 4-week intervention,
leaving 106 who completed the trial (51 in the LGI group
and 55 in the EABCF group). The HOMA subgroup analysis
included 89 participants who did not use exogenous insulin
for glucose control. One FINS value was missing at the end
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Table 4 Changes in metabolic parameters of participants during the study period

Variable LGI group (n=51) EABCF group (n=55) p-value
Crude Adjusted Crude Adjusted Crude Adjusted

Weight® (kg)

Baseline 68.13+10.74 67.89 (65.35t0 70.43)  70.16+10.20 70.38 (67.94 t0 72.83)  0.321 0.164

4 weeks 68.05+10.73 67.82 (65.20 to 70.43)  70.17+10.42 70.38 (67.87 to 72.90)  0.305 0.164

Change from baseline —0.08 (—0.50 to 0.34)  —0.07 (-1.00 to 0.86) 0.0l (—I.18 to 1.19) 0 (-0.90 to 0.90) 0.549 0913
BMI* (kg/m?)

Baseline 26.11 (25.21 t0 27.01)  26.10 (25.25 t0 26.96)  27.07 (26.23 to 27.90)  27.08 (26.25 to0 27.90)  0.119 0.107

4 weeks 28.06 (24.20 t0 26.93)  26.06 (25.21 t0 26.91)  27.06 (26.22 to 27.91)  27.07 (26.25 t0 27.89)  0.102 0.092

Change from baseline —0.04 (—0.21 t0 0.12)  —0.04 (-0.39t0 0.31)  —0.0l (-0.45t0 0.45)  —0.01 (-0.34 to0 0.34)  0.869 0.875
FBG® (mmol/L)

Baseline 8.85+2.65 8.80 (8.06 to 9.53) 9.05+2.85 9.11 (8.40 to 9.81) 0.705 0.554

4 weeks 8.29+2.48 8.22 (7.27 to 8.89) 8.50+2.34 8.56 (7.93 to 9.19) 0.643 0.468

Change from baseline  —0.56 (—1.07 to —0.06) —0.57 (—1.06 to —0.08) —0.55 (1.0l to —-0.09) —0.54 (1.0l to —0.07) 0.968 0.934
HbAc® (%)

Baseline 7.08+1.38 7.09 (7.71 to 7.47) 7.26%1.46 7.25 (6.89 to 7.62) 0.536 0.533

4 weeks 6.90+1.42 6.91 (6.57 to 7.25) 6.89£1.05 6.88 (6.55to 7.21) 0.995 0.904

Change from baseline  —0.19 (-<0.59 to 0.21)  —0.18 (-0.60 to 0.24)  —0.36 (-0.78 t0 0.05)  —0.37 (-0.78 t0 0.03)  0.548 0.508
GA® (%)

Baseline 18.54£5.13 18.37 (17.09 to 19.63)  18.37+4.54 18.53 (17.31 to 19.76)  0.861 0.853

4 weeks 17.52+4.47 17.35 (16.19 to 1851)  17.3244.19 17.48 (16.37 to 18.60) 0.813 0.870

Change from baseline  —1.02 (—1.59 to —0.44) —0.57 (-1.06 to —0.08) —1.05 (-1.57 to —-0.54) —0.54 (—1.02 to —0.07)  0.927 0.934
FINS® (mU/L)

Baseline 12.83£12.54 13.27 (10.64 to 15.89)  10.52+5.57 10.11 (7.59 to 12.64) 0.218 0.092

4 weeks 11.71£10.75 11.84 (9.64 to 11.03) 9.62+4.20 9.50 (7.37 to 11.64) 0.198 0.137

Change from baseline —1.12 (-3.76 to 1.53)  —1.42(-3.30t0 0.46)  -0.79 (-1.87t0 0.30)  —0.50 (-2.32to 1.33)  0.814 0.490
hs-CRP® (pg/mL)

Baseline 1.63+2.26 1.72 (1.13 to 2.30) 1.58£1.98 1.51 (0.95 to 2.01) 0.910 0.617

4 weeks 1.34£1.62 1.43 (0.34 to 2.52) 2.2945.17 221 (1.16 to 3.26) 0.215 0.315

Change from baseline  —0.29 (-0.85 t0 0.27)  -0.28 (-1.27 t0 0.70)  0.70 (—0.48 to 1.89) 0.70 (-0.24 to 1.65) 0.143 0.158
TNF-o° (pg/mL)

Baseline 7.12+1.50 7.11 (6.57 to 7.65) 7.37+2.20 7.39 (6.87 to 7.90) 0.508 0.465

4 weeks 12.76+10.47 12.74 (10.66 to 14.82)  7.02£2.20 7.04 (5.04 to 9.05) <0.0l  <0.0l

Change from baseline  5.64 (2.70 to 8.57) 5.63 (3.56 to 7.70) —0.35 (-0.89 to 0.20) —0.34 (-2.33 to 1.65) <0.01 <0.01
IL-6° (pg/mL)

Baseline 2.11+0.26 2.13 (1.96 to 2.30) 2.39+0.81 2.38 (221 to 2.54) 0.018 0.041

4 weeks 3.09+1.92 3.10 (2.68 to 3.52) 2.53+0.95 2.52 (2.12 t0 2.92) 0.065 0.051

Change from baseline  0.98 (0.44 to 1.52) 0.98 (0.58 to 1.38) 0.14 (—0.05 to 0.33) 0.14 (-0.24 to 0.53) 0.005 0.004

Notes: Continuous variables were expressed as mean (95% confidence intervals), and the crude p-value was evaluated by the independent t-test to show the difference
between groups. The adjusted p-value was analyzed using the ANCOVA (generalized linear model) test. The covariates included: *age and gender for weight and BMI; bgender,
age, history of diabetes and baseline BMI for FBG, HbAlc, GA, FINS, hs-CRP, TNF-o: and IL-6. p<<0.05 indicates that the difference between groups is statistically significant,

and 0.05<p<<0.] shows a trend of the difference to be statistically significant.

Abbreviations: BMI, body mass index; EABCF, extruded adzuki bean convenient food; FBG, fasting blood glucose; FINS, fasting insulin; GA, glycated albumin;
HbA ¢, glycosylated hemoglobin; hs-CRP, high sensitive C reactive protein; LGI, low glycemic index; TNF-o., tumor necrosis factor alpha.

of the study, and therefore, the data from the remaining
88 subjects were incorporated into the final subgroup data
analysis (44 subjects for each group). This study showed that
the patients in the EABCF group exhibited overall compli-
ance with the assigned diet (Table 6). The feedback from
the subjects indicated that the taste of the intervention food
was generally acceptable and that its characteristics of con-
venience were appreciated. Throughout the trial, there were
no adverse events. Given that the weight of the patients in the
intervention group did not obviously decrease, the EABCF
appears to be well tolerated by the subjects.

The Chinese Guidelines for Nutritional Treatment for
Diabetes (2013)" advise diabetics to follow a balanced
diet; dietary intake of total energy should be consistent with
weight management goals, including 45% to 60% from
carbohydrates, 25% to 35% from proteins and 15% to 20%
from fats. The guidelines suggest that an increase in plant
protein intake is more beneficial to lowering blood lipids
than a higher intake of animal-derived proteins. The recom-
mended dietary fiber intake of diabetic patients should match
or exceed the recommended intake of non-diabetic people,
with a specific recommended amount of 25-30 g daily.
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Table 5 The subgroup analysis of the homeostasis model assessment (HOMA) based on the different serum insulin levels at baseline

for the participants who were not treated with exogenous insulin

Subgroup | LGI group EABCF group p-value
FINS=17.2 mUJ/L (n=4) (n=4)
FINS (mU/L)
Baseline 29.52+17.69 17.91+0.47 0.281
4 weeks 24.67+22.63 15.58+4.58 0.485
Change from baseline —4.85 (—47.73 to 38.03) —2.34 (-10.36 to 5.69) 0.860
Ln FINS (mU/L)
Baseline 3.27 (240 to 4.13) 2.89 (2.84 to 2.93) 0.258
4 weeks 2.92 (1.57 to 4.27) 2.71 (226 to 3.17) 0.660
Change from baseline —0.34 (-1.61 t0 0.92) —0.17 (-0.67 t0 0.32) 0.698
Ln HOMA-IR (uUxmol/L?)
Baseline 2.19 (1.05 to 3.33) 1.75 (1.47 to 2.02) 0.308
4 weeks 1.71 (0.10 to 3.31) 1.57 (0.97 to 2.16) 0.804
Change from baseline —0.48 (—1.73 t0 0.76) —0.18 (-0.95 to 0.59) 0.534
Ln HOMA-IS (L*puUxmol)
Baseline —2.19 (-3.33 to —1.05) —1.75 (-2.02 to —1.47) 0.308
4 weeks —1.71 (-3.31 to —0.10) —1.57 (-2.16 to -0.97) 0.804
Change from baseline 0.48 (-0.76 to 1.73) 0.18 (-0.59 to 0.95) 0.534
Ln HOMA-B (%)
Baseline 4.88 (4.04 to 5.71) 4.59 (4.09 to 5.08) 0.383
4 weeks 4.79 (3.90 to 5.68) 4.43 (4.06 to 4.80) 0.281
Change from baseline —0.09 (—1.38 to 1.20) —0.16 (-0.35 to 0.03) 0.868
Subgroup 2 LGI group EABCF group p-value
5.2=<FISN<17.2 mUI/L (n=33) (n=30)
FINS (mU/L)
Baseline 9.8913.17 10.31+3.20 0.598
4 weeks 9.19+3.34 8.60+3.10 0.474
Change from baseline —0.70 (—1.66 to 0.26) —1.71 (-2.56 to —0.86) 0.115
Ln FINS (mU/L)
Baseline 2.24 (2.12 to 2.36) 2.28 (2.16 to 2.41) 0.582
4 weeks 2.15 (2.01 to 2.29) 2.08 (1.92 to 2.23) 0.491
Change from baseline —0.09 (-0.20 to 0.02) —0.21 (-0.32 to -0.09) 0.126
Ln HOMA-IR (uUxmol/L?)
Baseline 1.22 (1.05 to 1.39) 1.30 (1.16 to 1.44) 0.487
4 weeks 1.09 (0.92 to 1.26) 1.05 (0.87 to 1.23) 0.723
Change from baseline —0.13 (-0.26 to 0) —0.25 (-0.41 to —0.09) 0.222
Ln HOMA-IS (L*puUxmol)
Baseline —1.22 (-1.39 to —1.05) —1.30 (-1.44 to —1.16) 0.487
4 weeks —1.09 (—1.26 to —0.92) —1.05 (—1.23 to -0.87) 0.723
Change from baseline 0.13 (0 to 0.26) 0.25 (0.09 to 0.41) 0.222
Ln HOMA-B (%)
Baseline 3.74 (3.58 to 3.89) 3.72 (3.53 to 3.90) 0.855
4 weeks 3.72 (3.53 t0 3.92) 3.60 (3.40 to 3.80) 0.367
Change from baseline —0.02 (-0.15 to 0.12) —0.12 (-0.22 to -0.02) 0.238
Subgroup 3 LGI group EABCF group p-value
FINS<5.2 mUI/L (n=7) (n=10)
FINS (mU/L)
Baseline 4.1910.74 4.30+0.86 0.784
4 weeks 451+1.51 7.27+4.19 0.079
Change from baseline 0.32 (-1.28 to 1.91) 2.97 (0.15 to 5.80) 0.118
Ln FINS (mU/L)
Baseline 1.42 (1.25 to 1.59) 1.44 (1.27 to 1.60) 0.861
4 weeks 1.46 (1.16 to 1.76) 1.86 (1.49 to 2.22) 0.091
Change from baseline 0.04 (-0.31 to 0.40) 0.42 (0.10 to 0.74) 0.092
(Continued)

880 submit your manuscript
Dove

Therapeutics and Clinical Risk Management 2018:14


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

The effects of extruded adzuki bean convenient food in T2DM patients

Table 5 (Continued)

Subgroup 3 LGI group EABCF group p-value
FINS<5.2 mU/L (n=7) (n=10)
Ln HOMA-IR (uUxmol/L?)
Baseline 0.49 (0.18 to 0.80) 0.49 (0.17 to 0.80) 0.982
4 weeks 0.48 (0 to 0.97) 0.93 (0.41 to 1.45) 0.185
Change from baseline —0.01 (-0.47 to 0.46) 0.45 (0.05 to 0.84) 0.107
Ln HOMA-IS (L*/pUxmol)
Baseline —0.49 (-0.80 to —0.18) —0.49 (-0.80 to —0.17) 0.982
4 weeks —0.48 (-0.97 to 0) —0.93 (—1.45 to —0.41) 0.185
Change from baseline 0.01 (—0.46 to 0.47) —0.45 (—0.84 to —0.05) 0.107
Ln HOMA-f (%)
Baseline 2.76 (2.31 to 3.22) 2.82 (2.54 to 3.10) 0.780
4 weeks 2.89 (2.51 to 3.26) 3.21 (2.86 to 3.55) 0.179
Change from baseline 0.13 (-0.14 to 0.39) 0.38 (0.13 to 0.63) 0.133

Notes: Continuous variables were expressed as mean (95% confidence intervals), and p-values were calculated by the independent t-test to show the difference between groups;
p<<0.05 indicates that the difference between groups is statistically significant, and 0.05<p<<0.l shows a trend toward statistical significance. Ln is the natural logarithm.
Abbreviations: EABCF, extruded adzuki bean convenient food; FBG, fasting blood glucose; FINS, fasting insulin; LGI, low glycemic index.

In this study, after the 4-week intervention, the dietary
patterns of all participants were optimized (Table 3). The
change in dietary patterns improved among the subjects
who consumed the convenient food to a greater extent
compared to those who followed the traditional LGI foods.
In the EABCF group, the average carbohydrate energy
ratio was <60% (59%), the average protein to energy ratio
(17.34%) was significantly higher than that in the LGI group
(adjusted p=0.001), and the average fat energy supply ratio
was slightly lower than that in the LGI group and was lower
than 25% in both groups. The 4-week intervention also pre-
vented a sharp decrease in fiber intake in the EABCF group
compared to that of the control group. However, at the end,
the dietary fiber intake in both groups was still far from the
recommended amount.

The contents of carbohydrates, protein and dietary fiber in
the red adzuki bean is 55%—60%, 18%—23% and 7%—19%,
respectively.!” Compared to white rice and white flour, the
red adzuki bean has higher protein and dietary fiber content
and a lower carbohydrate content. Furthermore, the carbo-
hydrates in the red bean are tightly wrapped within dietary
fiber and protein; therefore, the digestion rate of the starch
in the red bean is low. Given this special structure, the red
adzuki bean reduces the postprandial blood sugar response.

Table 6 Intervention consumption statistics

Consumption Vermicelli Instant Hard
powder candy
Minimum daily recommendation (g)  50-75 48 12
Total during 4 weeks (kg) 145.195 84.346 19.904
Per capita during 4 weeks (kg) 2.593 1.506 0.355
Per capita daily (g) 92.6 538 12.7

In this study, the extrusion process increased the propor-
tion of protein and soluble dietary fiber in the red adzuki
bean, resulting in better taste and improved convenience
for cooking compared to other traditional coarse grains.'
The improvement of adzuki bean composition by extrusion
technology may be the reason for the optimization of dietary
patterns of subjects in the intervention group.

The adzuki bean, a recommended staple food for diabetic
patients, has attracted increasing attention due to its biologi-
cal characteristics. Originally, the adzuki bean was identified
as a staple food for diabetics because it is a type of legume
that is high in protein and fiber and low in carbohydrates.
Compared to grains, legumes contain more amylose and
sticky dietary fiber. As a result, the starch granules of legumes
have a unique structure, and the hydrolysis of the starch in
the small intestine is relatively slow. Thus, the postprandial
glycemic response is delayed. Studies have found that the
mechanism by which red bean can fight hyperglycemia
may be related to the effects of adzuki bean protein and
phenolic compounds.** In addition, animal experiments
have confirmed that the red adzuki bean has the strongest
glucosidase inhibition among 16 kinds of dry beans.?’ In
vitro experiments have revealed that the capacity for glycosi-
dase inhibition of red adzuki bean was increased by more
than 3 times after the extrusion process.?' In addition, this
experiment also proved that the extruded red bean protein
and polysaccharides play a role in a-glucosidase inhibition.?!
This research further clarified that the effective components
are vitexin and isovitexin, which are separated during the
extrusion process.”' o-Glucosidase is a key enzyme in the
small intestine epithelium that digests carbohydrates and
increases postprandial blood sugar. Increased a-glucosidase
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activity is one of the earliest metabolic abnormalities in
T2DM patients.>?? a-Glucosidase inhibitors slow digestion
and absorption of carbohydrates, which, in turn, reduces
the postprandial glucose.” In the current study, due to the
limited experimental conditions, the plasma postprandial
glucose throughout the day could not be measured. Fur-
thermore, there are unavoidable errors in the self-measured
postprandial finger-stick glucose levels; therefore, these data
were not included in this analysis. Instead, the researchers
selected HbAlc and GA as the target indices to monitor
recent glycemic control. The results of this trial showed that
the GA and HbAlc levels of both groups decreased after
the 4-week intervention, but the differences did not reach
statistical significance (adjusted p>0.05). This finding sug-
gests that, compared to the traditional LGI diabetic diet, the
EABCEF did not lead to better glycemic control, although the
EABCEF played a role in reducing fasting blood sugar and
maintaining blood sugar stability. The reason for this may
be that the glycemic index of red bean is not significantly
lower than that of other coarse grains.

With an increasing number of studies investigating the
pathogenesis of T2DM, there has been an increasing focus
on the relationship of the inflammatory status with insulin
resistance and pancreatic beta cell dysfunction in T2DM.
Inflammatory factors associated with type 2 diabetes are
mainly C reactive protein (CRP), TNF-a, interleukin-6
(IL-6), plasminogen activator inhibitor 1 (PAI-1) and other
factors such as fat sialic acid and endothelial adhesion
molecule.” TNF-a is a cytokine mainly produced by mono-
cytes and macrophages and has a wide range of biological
activity. It can induce the synthesis of IL-1, IL-6 and CRP.
It was the first inflammatory factor known to be involved
in insulin resistance and T2DM.? The main mechanisms
include the following: 1) direct damage to the DNA of
pancreatic beta cells; 2) induction of nitric oxide, which
can restrain the feedback regulation for insulin secretion
triggered by blood glucose; 3) blockade of insulin signal
transduction via inhibition of the phosphorylation of insulin
receptors and substrates; 4) inhibition of the transcription
of the glucose transporter 4 (GLUT4) gene and acceleration
of degradation of mRNA; and 5) accumulation of TNF-a,
resulting in the positive feedback loop of slight inflam-
mation, which further increases insulin resistance.?® IL-6
mediates acute inflammatory reactions through the synthesis
of CRP in the liver, which can block the insulin signaling
cascade and thus cause dysfunction of the phosphoryla-
tion of insulin receptors and substrates induced by insulin.
Such a series of inflammatory reactions eventually result

in abnormal glucose metabolism.?* Commonly used hypo-
glycemic agents, such as metformin, rosiglitazone maleate,
pioglitazone, and exogenous insulin, all have dual effects
on lowering blood glucose and improving inflammation.?* 2
Therefore, they play additional beneficial roles in the treat-
ment of diabetes and the prevention of complications in
addition to their hypoglycemic effect.”>* However, there
have been few studies on the association between dietary
intervention and inflammatory factors associated with
T2DM. Zhou et al** conducted a clinical trial in which hypo-
glycemia index (LGI) and low glycemic load (LGL) diet
interventions were combined and showed that diet control
in T2DM patients can reduce FBG, TNF-o,, CRP and IL-6
levels simultaneously. Our study also found that the EABCF
intervention group had reduced inflammation compared to
the LGI control group. The TNF-a level decreased in the
EABCEF group and was significantly lower than that in the
LGI group (adjusted p<<0.01). Compared to baseline, IL-6
levels increased in both groups; the level of increase in the
LGI group was significantly higher than that in the interven-
tion group (adjusted p=0.004). At the end of the study, the
IL-6 level in the EABCF group trended toward being statisti-
cally significantly lower than that in the LGI group (adjusted
0.05<p=0.051<0.1) (Table 4). The mechanism by which
red adzuki bean alleviates inflammation may be related to
the high level of flavonoids in red adzuki bean. Therefore, it
is reasonable to infer that the extruded red adzuki bean may
also have other beneficial effects also observed with common
antidiabetic agents, such as improving lipid metabolism and
preventing diabetic complications.

To determine the relationship between the hypoglycemic
and anti-inflammatory effects of the extruded red adzuki bean
convenient food, HOMA subgroup analysis was carried out
after patients with exogenous insulin use were excluded. The
results showed that diet control had a bidirectional regula-
tion on insulin secretion. Secretion of FINS was inhibited in
the insulin over- and normal-secretion groups, while insulin
secretion was promoted in the inhibited-secretion group
(Table 5). However, compared to the LGI group, there was
no remarkable advantage of the EABCF in improving insu-
lin resistance or pancreatic beta cell function. In contrast,
another clinical trial conducted by one of the researchers of
this study focusing on tartary buckwheat (a common edible
coarse grain in China) indicated that replacing white rice
or flour with tartary buckwheat can help improve insulin
resistance in T2DM patients.>' The reason for the opposing
results may be that the control group in this trial consumed
LGI staple foods rather than white rice or flour.
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Conclusion
This clinical study illustrated that extruded red adzuki bean
convenient food can be used to help patients with T2DM opti-

mize dietary patterns and increase protein intake while reducing

total energy intake. The EABCF was easy to cook and tasted

good, leading to patient compliance. Such a convenient diet

has similar effects on maintaining glucose homeostasis as the

traditional LGI diabetic diet. Furthermore, it can also improve

the inflammatory state of T2DM. However, this advantage was

not statistically significant. This may be related to the limita-

tion of the study design, such as the small sample size and short

intervention duration. Moreover, confounding factors, includ-

ing history and course of disease and concomitant medications,

may have interfered with the results. Further studies with

larger sample sizes, longer intervention periods and stronger

homogeneity within the study population are needed to explore

the association between improvement in glycemic control and

inflammation and to delineate additional beneficial effects
of the extruded red adzuki bean convenient food on T2DM.
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