MEDICAL
SCIENCE

CLINICAL RESEARCH

. e-ISSN 1643-3750

© Med Sci Monit, 2021; 27: €930349
MON |TOR DOI: 10.12659/MSM.930349

s 20310107 Comparison of the Effects of a Bean-Based and a
bt 20310531 White Rice-Based Breakfast Diet on Postprandial
Glucose and Insulin Levels in Chinese Patients

with Type 2 Diabetes

Authors’ Contribution: BCE 1,2 ang Xiong 1 Department of Endocrinology, Affiliated Haikou Hospital of Xiangya Medical
Study Design A BCDF 1 Zhlmlng |_| College, Central South University, Haikou, Hainan, P.R. China
Data Collection B oe N 2 Department of Endocrinology, Zhongnan Hospital of Wuhan University, Wuhan,
Statistical Analysis C BF 1 Rongjie Nie Hubei, PR. China
Data Interpretation D per 1 Xubiao Meng
Manuscript Preparation E AG 1 Xue_jun Yang

Literature Search F
Funds Collection G

Corresponding Author: Xue-jun Yang; e-mail: yangxuejun11111@163.com
Source of support: This study was supported by the National Natural Science Foundation of China (no. 81471053), and the Key Science and Technology
Project of Hainan province (grant no. ZDXM2015084)

Background: This study compared the effects of a bean-based and a white rice-based breakfast diet on postprandial glu-
cose and insulin levels in Chinese patients with type 2 diabetes mellitus (T2DM).
Material/Methods: We recruited 63 patients with T2DM. The patients participated in the randomized 2x2 crossover trial. The bean-
based diet group and white rice control group were matched for 50 g of available carbohydrate at breakfast.
The patients followed the diets for 3 days. Vein blood samples were collected at 0, 30, 60, 120, and 180 min
after eating. Data were analyzed using a repeated-measures analysis of variance. The results are expressed as
the mean#standard error of mean (SEM) or as the median with interquartile range values.

Results: Compared with the white rice control, postprandial glucose was significantly lower with the bean-based diet
treatments at 60 min (P=0.004), 120 min (P=0.000), and 180 min (P=0.000). The insulin levels of the bean-
based diet group were significantly higher at 60 min (P=0.013). The C-peptide levels of the bean-based diet
group were significantly higher at 30 min (P=0.042) and 60 min (P=0.005) postprandial. The glucose area un-
der the curve (AUC) showed a similar trend (P=0.000). There were no statistically significant differences in the
AUC of insulin and C-peptide, except C-peptide AUC at 0 to 60 min (P=0.027).

Conclusions: Compared with a white rice-based breakfast, a bean-based diet significantly reduced postprandial glucose levels
and promoted insulin secretion. These results support a dietary approach to reduce postprandial hyperglycemia.
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Background

Type 2 diabetes mellitus (T2DM) is a chronic metabolic dis-
ease, and its prevalence is rapidly increasing worldwide. The
International Diabetes Federation estimated that 451 million
people were living with diabetes in 2017, and this number could
rise to 693 million by 2045, especially in low- and middle-income
countries, where the greatest increase is expected to occur [1].
The postprandial hyperglycemia associated with T2DM causes
oxidative stress, which impairs endothelial cell function and even-
tually causes microvascular and macrovascular complications [2].

Therefore, the control of postprandial blood glucose is criti-
cal in diabetes management. The world-leading health agen-
cies recommend diet and lifestyle changes as the first inter-
ventions for T2DM. Diet therapy is an effective and low-cost
method for preventing and controlling hyperglycemia [3], and
the recent rise of precision nutrition may provide personalized
nutritional guidance for more effective prevention and man-
agement of T2DM [4]. Medical nutrition therapy is important
for reducing hyperglycemia and slowing the development of
diabetes complications [5], and the nutrition practice guide-
lines recommend foods that have a low glycemic index (GI) [6].

In Asia, especially China, white rice is a staple food. Asians de-
rive nearly 60% of their energy intake from carbohydrates [7],
and epidemiological research has shown that white rice con-
sumption is positively correlated with the risk of T2DM [8].
White rice has a high G, can produce a relatively large increase
in postprandial glucose, and increases oxidative stress [9].
However, the carbohydrate-rich grain is part of Asian culture
and not simply food. Eliminating carbohydrates completely or
consuming a low-carbohydrate diet is also not recommended
because other health functions may be impaired [10].

Beans are the opposite of rice [11] and have a low GI [12]. They
are rich in vegetable protein, dietary fiber, phytoestrogens, and
minerals, while being low in cholesterol, so they are often used
as a component in diets for weight loss [13]. Consumption of
beans has been associated with lower blood glucose and with
antioxidant effects [14]. Few studies have focused on mixed
meals, but the combination of beans and high-Gl foods was
shown to produce a glycemic reaction somewhere between
the 2 types of foods alone [15]. A meta-analysis showed that
a low-Gl diet reduced glycoproteins by 7.4% more than a high-
Gl diet. This benefit was similar to that provided by a new drug
and was clinically significant [12]. When used in combination
with other diets to reduce Gl or to increase dietary fiber, di-
etary beans can improve medium- to long-term glucose con-
trol [11]. Gl is an important determinant of mixed breakfast
meal blood glucose levels. The Gl and carbohydrate content of
mixed foods explained 90% of the variation in the average blood
glucose response, while protein and fat had little effect [16].
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Therefore, adding low-GlI foods may reduce the damage caused
by high-GI components of a mixed diet. But the acute effects
of beans as part of a traditional meal on glucose and insulin
response are unclear. This information is critical for guiding
recommendations to improve the control of hyperglycemia and
reduce the risk of complications [17]. In this study, we aimed
to compare the effects of bean-based and white rice-based
breakfast diets on postprandial glucose and insulin levels in
Chinese patients with T2DM.

Material and Methods

Study Design

This study was a randomized, crossover, controlled clinical tri-
al. It was carried out from September to November 2020 and
was performed in accordance with the guidelines established
in the 1975 Declaration of Helsinki [18]. The Affiliated Haikou
Hospital of Xiangya Medical College, Central South University
approved the research protocol (Ethics Application Ref: 2020-
267). This trial was registered on the Chinese clinical trial reg-
istry website (no. ChiCTR2000038684). All clinicians agreed to
this study. All patients signed informed consent before being
enrolled in the study.

Study Participants

Inpatients with T2DM were recruited from the Department of
Endocrinology, Affiliated Haikou Hospital of Xiangya Medical
College, Central South University. Our team of doctors select-
ed the appropriate patients for the study based on the follow-
ing inclusion criteria: age 20-60 years; blood glucose that met
diagnostic criteria for diabetes; glycosylated hemoglobin Alc
(HbA,)) <9%; BMI <35 kg/m?; no acute illness; no digestive dis-
eases; no autonomic neuropathy (eg, diabetic stomach paral-
ysis); no cardiac vascular disease; no psychiatric disorder and
comprehension impairment; willing to eat study foods; and no
allergy to beans or latex. Additional criteria for premenopausal
women were regular menstrual cycles and not pregnant, lac-
tating, or planning a pregnancy. Before recruitment, Excel soft-
ware was used to generate a random order [19], and partici-
pants were given 2 test meals in a random order.

Six participants did not complete the study. Two individuals
withdrew because they were unable to follow the research pro-
cedures. Three individuals had scheduling conflicts with work.
One participant had other reasons. Data from these participants
were not included in the analysis. We obtained data on blood
glucose and insulin analysis from 63 participants who complet-
ed the study. In addition, their baseline levels were analyzed.
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Assessed for eligibility
(n=75)

Participants consented and
randomized to intervention
n=(69)

Discontinued intervention (n=6)
noncompliance with protocol (n=2)
work conflict (n=3)

other reasons (n=1)

Completed study (n=63)
Analyzed (n=63)

Figure 1. Flow chart for individuals’ enrollment, allocation,
intervention, and follow-up.

Exclud (n=6)

Not meeting inclusion criteria (n=3)
Decline to participate (n=1)

Other reasons (n=2)

Breakfast Characteristics

Both types of breakfasts were designed to contain similar energy
and carbohydrates based on the China Food Composition [20],
the Dietary Guidelines for Chinese Residents [21], and the China
Medical Nutrition Therapy Guideline for Diabetes [22]. The
breakfasts were prepared by dieticians using the same com-
mercially available food brands in the kitchen of Department
of Endocrinology, Affiliated Haikou Hospital of Xiangya Medical
College. The breakfasts were provided to the participants in
the hospital dining room on the day of each test meal. Two
types of breakfast (white rice diet group [WG], bean-based diet
group [BG]) were provided within a 3-day intervention period.
The white rice diet was used as the control diet. White rice is a
basic food in the main meals (breakfast, lunch, and dinner) in
China. The 2 breakfasts each provided about 250 kcal of ener-
gy and contained 50 g of available carbohydrate. Fifty grams of
available carbohydrate is a standard amount used to test glu-
cose response in patients with T2DM [23]. The carbohydrate
content was obtained from food composition tables. The white
rice diet was prepared with an automatic multifunctional rice
cooker (MB-WFS4029, Midea, China). In order to achieve con-
sistent preparation, the amounts of white rice (polished long-
grain rice purchased from Fulinmen, COFCO, China) and water
were normalized to grams. Drinking water (250 g) was added
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to dry white rice (65 g), and the mixture was cooked for 30
min [19]. The bean-based diet, prepared by Tongfu Group Co.,
Ltd., consisted of 300 g of Adzuki beans, soybeans, and black
beans. It was heated in a microwave for 30 s at medium pow-
er. The food was served at room temperature at 7: 00 am. All
participants were instructed to consume no self-selected foods
or beverages during the intervention period.

Study Protocol

Figure 1 shows a flow chart of the participants included
in this study. Eligible participants completed this trial in 2
weeks. Before the study, each individual’s standing height
without shoes was measured with a wall-mounted stadiome-
ter. Body mass index (BMI) was calculated by dividing weight
by the square of height (kg/m?). The experimental breakfast
types included white rice diet and bean-based diet meals.
Participants consumed 2 types of breakfast meals for 6 days,
with a >7-day washout period between each 3-day dietary in-
tervention (Figure 2). Before tests and during washout peri-
ods, patients were instructed to maintain their usual medica-
tions (metformin, rapid-acting insulin, or non-sulfonylurea),
diet, and daily physical activities. The treatment regimen re-
mained unchanged throughout the experiment. During each
3-day intervention period, participants consumed the desig-
nated breakfast type and water every morning. Participants
received instructions to stop drinking alcohol, consuming caf-
feine, and pursuing physical activities beyond their daily ac-
tivities and to fast overnight (12 h) during the period of the
research. On the last day of each intervention period, a meal
tolerance test was performed. First, blood samples were col-
lected with an indwelling cannula to obtain baseline measure-
ments in the fasting condition. Then patients took their usu-
al medications (other than those that reduce hyperglycemia)
with 100 mL of water and had their test breakfast. They were
asked to consume the entire breakfast within 15 min and be
quiet during the test. Next, vein blood samples were collected
at 30, 60, 120, and 180 min after the meal. Blood samples were
used to measure glucose, insulin, and C-peptide. The research-
ers were blinded to the breakfast type during data collection.

White rice diet meals
Group 1 —> (3 days) \
Group?2 Bean—ba(];eé!a(;i;;t meals /

Bean-based diet meals
(3 days)

Washing-out time
(7 days)

\ White rice diet meals

(3 days)

Figure 2. Study diagram. Group 1: control — intervention; treatment from white rice diet meals to bean-based diet meals. Group 2:
intervention — control; treatment from bean-based diet meals to white rice diet meals.
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Table 1. Baseline participant characteristics of study patients with type 2 diabetes (n=63).

Value (meanSEM)

Variable
Age (years) 47.63+10.28 49.23+7.6 48.832+5.36 0.724
Women,n (%) 13 @19%) 16 60% 29 @6.0% 0739
Weight k) 57761812 6283:677 60.41t161 0218
CBMIGkgm) 2139:213 249:162 2193:038 0761
CTC(mmol)  478s074 ! 514511 496020 0373
TG (mmoll)  154(0995,222) 158 (08153455 156 (08552778) 0887
CHDLC(mmoll) 109 (0.925,131)  115(094,126) 11093131 0915
CDLC (mmolt) 2995057 3045092 3021016 0913
CHbA () 757091  803:078 781018 0213

BG - bean-based diet group; SEM — standard error of mean; T2DM - type 2 diabetes mellitus; WG — white rice diet group.

Biochemical Assays

Each blood sample was collected into Eppendorf tubes and
was left at room temperature for 2 h to clot. It was then cen-
trifuged at 4°C for 10 min at 4000 rpm. The available serum
was stored at -80°C until testing. The blood glucose, insulin,
and C-peptide were determined using an electrochemilumi-
nescence immunoassay method on the Elecsys 2010 analyz-
er (Roche Diagnostic USA, Indianapolis, IN). The homeostat-
ic model assessment (HOMA) formulas were as follows: the
insulin resistance index HOMA (HOMA-IR)=fasting blood glu-
cose (FBG) (mmol/L)xfasting insulin (FINS) (mIU/L)/22.5; pan-
creatic B-cell function index (HOMA-B)=20xFINS (mIU/L)/[FBG
(mmol/L)-3.5] (%) [24]. The area under the curve (AUC) for
glucose, insulin, and C-peptide was computed with the trap-
ezoidal rule: AUC was computed with the trapezoidal rule:
AUC=(Gn,+Gn_)x(n,-n,)/2, where Gn was the blood glucose,
insulin, and C-peptide level at the n timepoint) [25].

Statistical Analysis

A power-based (90%) sample size was calculated with the plas-
ma glucose responses of the test food, which showed that 14
patients were needed for this study («=0.05) [26]. The sam-
ple size used was greater.

All data were statistically analyzed with SPSS 17.0 software.
The Shapiro-Wilk test was used to determine whether the
data were normally distributed. Between-group comparisons
were analyzed by using repeated-measures analysis of vari-
ance. Nonnormal distribution data were analyzed by using the
Mann-Whitney U test. The values of HOMA-IR and HOMA-B
showed nonnormal distributions. Thus, before the statistical
analysis, natural logarithms were obtained to meet the nor-
mal distribution and were described as absolute values. The

data are expressed as mean+SEM or as median with inter-
quartile range values. Chi-square analysis was used to test the
rate. The level of statistically significant difference was P<0.05.

Results

Participant Characteristics

Participants included 29 women (46.03%) and 34 men (53.97%),
with an average age of 48.83+5.36 years. Their basic data
were analyzed, including BMI (21.93+0.38 kg/m?), HbA
(7.81+0.18%), serum lipid (total cholesterol, 4.96+0.20 mmol/L),
total triglycerides, 1.56 [0.855, 2.778] mmol/L), and lipoprotein
concentrations (high-density lipoprotein cholesterol, 1.1 [0.93,
1.31] mmol/L; low-density lipoprotein cholesterol, 3.02+0.16
mmol/L). All values were within normal clinical reference rang-
es, with the exception of HbA _ (Table 1). Body weight did not
significantly change during the experiment.

Breakfast Characteristics

Participants randomly received the 2 test meals: white rice
diet and bean-based diet. We matched the diets in terms of
available carbohydrates (49.20 vs 48.75 g) and total energy
for breakfast (207 vs 201 kcal) (Table 2).

Test Meal Effects on Fasting Glucose, Insulin, and
C-Peptide

Fasting glucose (WG vs BG: 6.04+0.29 vs 5.77+0.20, P=0.383),
insulin (WG vs BG: 7.05+1.13 vs 8.02+1.09, P=0.107), and
C-peptide (WG vs BG: 1.51+0.18 vs 1.51+0.18, P=0.093) were an-
alyzed. The values for log HOMA-IR (WG vs BG: 0.386+0.059 vs
0.282+0.048, P=0.088) and log HOMA-B (WG vs BG: 1.700+0.081
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Table 2. Energy and macronutrient distribution of provided
breakfast treatments.

Breakfast treatments

White rice diet

Bean-based diet

Available

carbohydrate (g) 49.20 48.75
Totalprotein@ 475 63
CTotalfat@ o o
CFber@® o7 02

n.p. — not provided.

vs 1.828+0.087, P=0.206) were not significantly different be-
tween the 2 test meal groups (P>0.05). No significant differ-
ence was found between blood glucose and islet function in
fasting state between the 2 diet groups (P>0.05) (Table 3).

CLINICAL RESEARCH

Postprandial Glucose, Insulin, and C-Peptide Responses of
Meal Tolerance Testing, and the Respective AUC

Results from meal tolerance testing showed that postprandi-
al plasma glucose of patients in the bean-based diet group
was significantly lower at 60 min (WG vs BG: 11.73+1.74
vs 10.08+1.88, P=0.004), 120 min (WG vs BG: 10.74+2.21
vs 8.28+1.71, P=0.000) and 180 min (WG vs BG: 8.64+2.15
vs 6.48+1.36, P=0.000) compared with the white rice con-
trol group (Figure 3A). The postprandial insulin levels of pa-
tients in the bean-based diet group were significantly higher
than those of control group individuals at 60 min (WG vs BG:
18.72+4.94 vs 31.44+9.86, P=0.013) (Figure 3B). The post-
prandial C-peptide levels of bean-based diet group patients
were significantly higher at 30 min (WG vs BG: 2.19+1.04 vs
2.83+1.802, P=0.042) and 60 min (WG vs BG: 2.81+1.36 vs
4.03+1.44, P=0.005) (Figure 3C).

Compared with the white rice diet meal, bean intake remark-
ably reduced glucose AUC at 0-60 min (WG vs BG: 9.24+0.29
vs 8.35+0.29, P=0.000), 60-180 min (WG vs BG: 20.93+0.79 vs
16.56+0.62, P=0.000), and 0-180 min (WG vs BG: 30.17+1.02 vs
24.91+0.83, P=0.000) (Figure 4A-4C), and significantly increased
C-peptide AUC at 0-60 min (WG vs BG: 2.17+0.22 vs 2.86+0.21,
P=0.027). However, no statistically significant differences (P>0.05)

A 15 B 60 - WG C 8+ - WG
- BG -+ BG
s = S 64
E 10 E 40 4 g_
2 = g 4
g 5. 2 20 g
S = 5 24
0 T r r r r 0 T r r r : 0 - - - - -
0 30 60 120 180 0 30 60 120 180 0 30 60 120 180
Time (min) Time (min) Time (min)

Figure 3. (A-C) The postprandial glucose, insulin, C-peptide responses of meal tolerance testing. All values are mean+SEM. * P<0.05.
BG — bean-based diet group; SEM — standard error of mean; WG — white rice diet group.

Table 3. Fasting blood glucose, insulin, C-peptide, and relevant calculated parameters.

Fasting variables

Group (mean*SEM)

Glucose (mmol/L) 6.04+0.29
Cinsulin (miw) 7054113
Cpeptide pg/m) 1515018
ClgHOMAR 0386:0059
ClgHomAp 17000081

5.77+0.20 0.383
"""""""""" so2s109 o107
"""""""""" 175005 0093
""""""""" 028210048 o088
""""""""" 182800087 0206

BG — bean-based diet group; SEM — standard error of mean; WG — white rice diet group.
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Figure 4. (A-l) The respective area under the curve (AUC) of glucose, insulin, and C-peptide. All values are mean+SEM. * P<0.05. BG —
bean-based diet group; ns — not significant; SEM — standard error of mean; WG — white rice diet group.

were observed for insulin AUC at 0-60 min (WG vs BG: 13.49+8.89
vs 19.82+12.15, P=0.050), 60-180 min (WG vs BG: 37.25+5.29
vs 51.65+8.01, P=0.141), and 0-180 min (WG vs BG: 50.74+7.10
vs 71.48+10.28, P=0.104) (Figure 4D-4F) or for C-peptide AUC at
60-180 min (WG vs BG: 6.63+0.59 vs 8.10+0.65, P=0.100) and
at 0-180 min (WG vs BG: 8.81+0.79 vs 10.97+0.83, P=0.067)
(Figure 4G-4l). The above results imply that a bean-based meal
was beneficial for promoting early-phase endogenous insulin
secretion and reducing postprandial blood glucose.

Discussion

The present study compared the effects of a bean-based and
a white rice-based breakfast diet on postprandial glucose and
insulin levels in Chinese patients with T2DM. Compared with
the white rice control group, participants consuming the bean-
based diet had significantly reduced postprandial glucose at
60, 120, and 180 min. The bean-based diet group had signifi-
cantly higher insulin levels at 60 min and significantly higher
C-peptide levels at 30 and 60 min after the meal.

Rice is a principal staple and energy source food of more than
half of the world’s population and has important nutrition and
health significance. Rice is a medium-high Gl food, with the
fiber content reduced by 80% in the refining processes [27].
Hu et al [28] found that consuming 1 serving of white rice a
day increased the risk of diabetes by 11% in the general pop-
ulation. This result implied that rice is a significant contribu-
tor to diabetes, which motivated us to find another widely ac-
cepted diet combination that could reduce the risk of diabetes.

Common beans are a traditional part of the diet in Latin
America, the Mediterranean, and the Middle East. Beans could
lower blood glucose because they have a low Gl and compo-
nents that have an antidiabetic effect [29]. Consuming a low-
Gl diet can diminish the risk of developing T2DM [30]. A tradi-
tional Mexican diet with beans played the same role in T2DM
[32], and the conventional dietary, including beans, benefit-
ed health, diminished chronic complications of T2DM, and
improved patient compliance [31-33]. Therefore, we decid-
ed to explore the clinical role of beans and white rice in glu-
cose metabolism.
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In this study, we observed no statistically significant differenc-
es in glucose, insulin, C-peptide, and calculated HOMA-IR and
HOMA-B between the 2 groups before they ate. These find-
ings indicated that the 3-day intervention had no significant
effect on the fasting state. We speculated that beans have
less of an effect on fasting blood sugar, which controls post-
prandial blood sugar by increasing a-glucosidase and o-amy-
lase inhibition activity to delay the absorption of glucose and
control the postprandial hyperglycemia [34-36]. Another pos-
sible reason was insufficient intervention time.

Next, we found that bean-based meals reduced postprandi-
al blood sugar responses, which was consistent with previous
research [19]. Results from the meal tolerance tests suggested
that postprandial blood glucose and AUC of BG patients were
significantly lower than those of WG patients at 60, 120, and
180 min. The results implied that complex foods were effec-
tive in reducing the acute postprandial glycemic response. The
postprandial glucose peak occurred at 1 h after eating, consis-
tent with findings in individuals with overweight and obesi-
ty [37]. The glucose concentration of BG patients declined to
nearly baseline level at 180 min. The common bean protein
was related to antioxidant, anti-inflammatory, and antihyper-
tensive effects; tumor cell inhibition; and reduction of hyper-
glycemia due to inhibiting a-amylase, a-glucosidase, and di-
peptidyl peptidase 4 activities [24,38,39]. In mixed foods, the
combination of carbohydrates and bean products significant-
ly reduced the Gl of white rice [40].

Dietary fiber stimulates secretion of gastrointestinal hormones,
such as cholecystokinin and glucagon-like peptide-1, that can
promote insulin secretion [41]. In addition, phytoestrogens can
reduce fat accumulation [42]. To investigate the effect of beans
on insulin secretion, we examined the insulin and C-peptide
levels. We found that a bean-based diet has a more decisive
role in promoting endogenous insulin secretion, compared with
white rice meals in T2DM. The peak value of C-peptide in all
patients was at 2 h, but that of insulin in patients consuming
the bean-based diet was at 1 h. The delayed peaks of insu-
lin secretion were consistent with the manifestation of T2DM
[43], but based on the trend, the bean-based meal may have
led to an earlier peak in insulin production. We reached this
conclusion by statistically significant C-peptide AUC at 0-60
min and insulin secretion peak at 60 min. Consistent with pre-
vious research results, cooked common beans can maintain
[-cell mass and protect against B-cell damage in rats with di-
abetes [44]. A common bean extract ameliorated glucose toler-
ance and insulin sensitivity by regulating insulin response and
protecting B cells from hyperglycemia [45]. In addition, break-
fast composition is important. Partial replacement of rapidly
available carbohydrate with low-GlI types of foods at break-
fast can improve metabolic wellness [46].

CLINICAL RESEARCH

There were some limitations in this study. First, the sample
size was relatively small. Second, the subjects were inpatients,
so healthy control and prediabetes groups were not includ-
ed. A subsequent study of intestinal flora included 3 groups:
healthy volunteers and prediabetic and diabetic adults. Third,
confounding factors exist in clinical studies, and a crossover
design was used to avoid the influence of the order of dietary
administration and the different physical conditions of the pa-
tients. The crossover test requires a sufficient washout peri-
od to eliminate the residual effects of the first-stage interven-
tions. Therefore, we adopted a short-term effect test of 3 days
of intervention to avoid the effects of interventions as much
as possible. Finally, except for the effect of food ingredients
on the results, this study lacked investigation of further mech-
anisms. Despite the limitations, the results of this study pro-
vide a clinical basis for our further study on the improvement
of glucose metabolism through intestinal flora.

Conclusions

This clinical study demonstrated that a bean-based diet atten-
uated the glycemic response and promoted insulin secretion
compared with a white rice meal. Beans should be promot-
ed for their beneficial role in diabetes. In addition, studies on
the effects of food on postprandial glucose response and the
mechanisms related to intestinal flora can provide information
for precision nutrition medicine in the future. The diet of dia-
betic patients deserves further study by clinicians.
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