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postprandial plasma glucose, insulin, and incretin in
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Yuta Nakamuraup, phDt, Ayaka Takemotaip?, Takeshi Oyanagip?,
ShingoTsunemimb?, Yui Kubo Mb?, Tomoko NakagawaiD, Php!, Yoshio Nagaivp,
PhDM2, Yasushi Tanakab, Php'3, Masakatsu Sonab, PhD!

Division of Metabolism and Endocrinology, Department of Internal Medicine, St. Marianna University
School of Medine, Kawasaki, Kanagawalapan

2Division of Diabetes and Endocrinology, Kanto Rosai Hospital, Kawasaki, Kanagawa, Japan
3Department of Internal Medicine, Yokohama General Hospital, Yokohama, Kanagawa, Japan

Background and Objectives: Few studies exist on resistant starch in ricengtarhe Okinawa Institute of Sci-
ence and Technology Graduate University (OIST) has develpexlv rice (OIST rice, OR) rich in resistant
starch. This study aimed to clarify the effect of OR on postprandial glucose concenthéthtls and Study
Design This singlecenter, open, randomized, crossover comparative study included 17 patients with type 2 dia-
betes. All partipants completed two meal tolerance tests using OR and white rice RE&R)Its: The median

age of the participants was 70.0 [5%8.0] years, and the mean body mass index was 35.%g/n?. The dif-
ference in total area under the curve (AUC) of plasma glucose822a8 (95% confidence interval [CH10100

t0 -6346,p<0.001) mg-min/dL. The postprandial plasma glucose was significlmtigr with OR than with WR.

The difference in the AUC of insulin was139 (95% CI-1839 t0-438, p=0.004) pU-min/mL. The diférence in

the AUC of total gastric inhibitory peptide (GIP) and total glucaijjapeptidel (GLR1) was-4886 (95% ClI:
8456t0-1317,p=0.011) and171 (95% CI:-1034 to 691p=0.673) pmol-min/L, respectivelyfConclusions: OR

can be ingested as rice grains andigitantly reduced postprandial plasma glucose compared to WR independ-
ent of insulin secretion in patients wiype 2 dabetes. OR could have escaped absorption not only from the up-
per small intestine but also from the lower small intestine
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INTRODUCTION is composed of long unit chains of amylopectin that are
Diet theapy is oe of the basic treatments for diabetes.difficult to digest*® Thus, the wx/ae rice possesses the
Carbohydrates/sugars are important targets for diet thergharacteristics of resistant starch. The Okinawa Itstitu
py since these nutrients directly affect plasma glucoseof Sciene and Technology Graduate University (OIST)
However, insfficient evidence exists on the carbohydrate has further improved wx/ae rice and developed a new
quality and means for its consungpt. variety rich in resistant starch. We decided to call this

“Ric€’ is considered a staple food and an indispensablaew variety OIST rice (OR). Thus, it is reported that
ingredient in the Asian population. Recently, similar to38.5% of OR is composed of resistatdch (Suplemen-
nonglutinous and glutinous rice, the effect of the differ- tary Table 1). On the contrary, less than 1% of white rice
ent starch constituents on postprandial plasma glucog®VR), and approximately 15% of wx/ae rice are com-
rise has been investigal' Resisant starch is character- posed of resistant starch. According to a Rastalysis®
ized by evading digestion and absorption in the smaltesistant starch has a triglycerittevering effect in
intestine. Foods rich in resistant starch possess a reported-
ly low glycemic index (Gl). In the European Union (EU), Correspondng Author: Dr Yuta Nakamua, Division of Me-
foods containing 14% or more of resistant staran ke  tabolism and Endocrinology, Department of Internal Medicine,
labeled as “reduction of postprandial glycemic respons- St. Marianna University School of Medicine;18-1, Sugao,
es”? Miyamaeku, Kawasaki, Kanagawa 28511, Japan

In recent years, the development of resistant starch ricEel +81-44-977-8111 Fax:+81 44 976 8516
has been progressing for the improvement of postprandid™mail: y3nalamura@rariannau.ac.jp

. . . y.nakamural9850926 @gmail.com
thr)]/ perglyclem:. A wx/ae rice Waitde\t/elopéed by Icrossm%anuscriptreceived07 Septenber 2022. Initial review caon-
e amylosefree way (wx) m . antand amylose pleted01 DecembeR022. Revision acceptetl0 February2023.
extender (ae) mutaftThe wx/ae rice lacks amylose and doi: 10.6133/apjcn.20230328L).00®
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healthy participats ¢0.10 [0.19, -0.01] mmol/L, Mean D Q @lucosidase inhibitor; 2) patients who requireren
Difference [95% confidence iatval, Cl]) and a weight than 15 units of rapiehcting insulin in the morning; 3)
loss effect in patientwith type 2 diabetes-1.29 F2.40,- patients with unstable oral intake, 4) females who were
0.17] kg). However, the efficacy for fasting plasma glu-pregnant, possibly pregnant, or were btiseding; 5)
cose {0.30 F0.69, 0.10] mmol/L) or HbA1c-Q.27 FO.57,  thosehaving their menstrual period during testing; 6) rice
0.03] %) has not been denwirated in patients with type allergy or brown rice allergy; and 7) those considered
2 diabetes. On the other hand, most of the studdoped  unsuitable for inclusion in the study by the study investi-
in this metaanalysis used milled and processed high amgators.
ylose starch, such as resistant starch. The use of rice The study was conducted in accordance with the ethi-
grains for glycemic controlsi considered crucial since cal princples set forth inie Declaration of Helsinki and
rice is consumed as a stapteod; however, few studies was approved by the ethics committee at St. Marianna
exist on resistant sizh in rice graing Moreover, past University School of Medicine (Approval ID: 4632). All
studies may have demonstrated that the amount of réhe patients provided written informed consent. This
sistant starch (10 to 30 g daily) was insufficient for thestudy was registered with the Japan Regisfrilinical
improvement of glycemic controlOn the contrary, OR Trials jJRCT) (registration number: jJRCTs031200008).
can be usd as cooked grains in the form of granules.
Thus, plasna glucose improvement can be expected ow+Protocol
ing to its high resistant starch content. Therefore, in th&his was a singleenter, open, randomized, crossover
present study, we aimed to prove the efficef OR in  comparative study. Figure 1 illustrates the study protocol.
improving theplasma glucose concentratioms patients  After confirming each participant’s eligibility, the partici-
with diabetes. pants vere assigned tewo groups, the ORpreceding
The purpose of thistedy wa to compare the plasma group, and the WRreceding group, by simple randomi-
glucose improving effect of OR with WR in patients with zation. Breakfast on the first test day was considered test
type 2 diabetes. Furthermore, to clarify the mechanism omeal 1. The second test day was s&& days following
the plasma glucose improving effe of OR, the compo- the first test day. The breakfast on theosectest day was
nent analys of OR and dynamics of insulin and incretin considered test meal 2. In the @Receding group, test

following the ingestion of OR were evaluated meals 1 and 2 were OR and WR, respectively. In the WR
preceding group, test meals 1 and 2 were WR and OR,

METHODS respectively.

Studypopulation

The study included 20 patients with type 2 diabetes adMeal tolerancetest

mitted to the Diabetes Center at $arianna Medical The test day started at 8:30 in the mogniand the test
University Hospital, Kawasaklapan, from April 2020 to med was consumed in 10 minutes. The test meal com-
March 2021. The inckion citeria were as follows: 1) prised only 150 g of cooked OR or 150 g of cooked WR.
patients with insuliindependent type 2 diabetes mellitus, The OR was cooked by a person with the educational
fasting serum eptide QJ P/ DQG JO XWdpdtificationd—df & dietician and was not the research co-
decarboxylae (GAD) antibody egative; 2) patients with ordinator. The cooked OR vgtied 150 g each angas

a fasing plasma glucose concentration of3@0 mg/d. stored frozen until the test day. Immediately before eating
during the last 3 days; 3) male or female over the age athe test meal, it was thawed and warmed in a microwave
20 at the time of obtaining informed consent; 4) patient©ven and provided to the participants. WR was provided
who permitted the use of their urine gridsma test data; with 150 g of commercially available packed rice (SATO
and 5) patients with written formed consent after re- NO GOHAN ®, Sato Food€o. Niigata, Japan). Imme-
ceiving a full explanatio. Theexclusion criteria were as diately before eating the test meal, it was warmed in a
follows: 1) patients using any of the following diabetesmicrowave oven and provided to the participants. The
treatments, such as dipeptidyl peptidds@®PP4) inhibi-  nutrition facts of the cooked test meal are shown in Table
tor, glucagnlike peptidel (GLP-1) receptor agonist, 1. The nutritional facts of OR and WR werelgmed by
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Figure 1. Study protocalWR: white rice; OR: OIST rice.
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the Japarrood Research Laboratory (Tokyo, Japan). Reenzymelinked immunosorbent assay (ELISA) kits (#
sistant starch was measured with a Resistant Starch Assday203, IBL Co. Ltd, Gunma, Japan), and total GlLRas
Kit (Megazyme, Wicklow, Ireland). Although the amount measured by ELISA kits (YK 161, Yanaihara Institute
of energy and carbohydrates was nearly the same betweérct., Shizuoka, Japargccording to the manufacturer’s
the two types of rice, ORontained approximtaly 5 instructions.
times more resistant starch than WR (4.7 g/100 g vs. 0.9
0/100 Q). Food palatability questonnaire

All hypoglycemic agents on the morning of the test dayWe followed the previously reported mettfod self-
were discontinued except for basal insulin. Blood wasadministered questionnaire was completed after the test to
collected after 0, 30, 60, 120, and 240 minutes ftoen assess the palatability of OR and WR. The questionnaire
time of eatingthe test meal. Blood tests evaluated thecomprised the following five items: taste (delicious or
plasma glucose, insulin, plasmap€ptide, total gastric not),texture (rice cakdike or dry), consumability (can be
inhibitory peptide (GIP), and total GEP. The sample eaten every day or not), habitual intake (possible to con-
was collected, centrifuged at 1400 g for 10 minutes, andume for one meal every day or not), and satiety (feeling
the supernatant was used.tdloGIP was measudeby  of fullness or not). Each item was assigned a score, which

Table 1.Nutrition facts of test meal (per 100 g)

OR WR Ratio OR/WF
Energy (kcal 14¢ 14C 1.0¢
Water (g 64.2 65.4 0.9¢
Carbohydrates ( 30.C 32.c 0.92
Protein (g) 3.9 2.0 1.95
Fai(g) 14 0.2 4.67
Starch (g 23.2 30.2 0.7¢
Resistant starch ( 4.7 0.€ 5.2z
Dietary fibel
Soluble dietary fiber (¢ <0.t <0.t S
Insoluble dietarfiber (g 1.7 <0.F S
Sodium (mg 4.€ 1.z 3.8¢
Phosphorus (mg) 102 20.6 4.95
Iron (Mg’ 0.3¢ not detecte S
Calcium (mg 7.5 2.€ 2.5¢
Potassium (mq 10¢ 9.2 11.8¢
Magnesium (m¢ 40.1 2.4 16.71
Copper (m¢ 0.1t 0.0¢€ 2.5C
Zinc (mg) 1.4C 0.3¢ 3.6¢
Manganese (m 1.1z 0.1¢ 6.28
Selenium (mg) not detected not detected S
Thiamine (my) 0.1¢ not detecte S
Riboflavin (mg 0.0z not detecte S
Vitamin B6 (mg 0.11¢ 0.0071 16.8¢
Vitamin E (mg 0.2 not detecte S
Folic acid (ug 3 2 1.5C
Amino acic
Arginine 321 18C 1.7¢
Lysine 173 75 2.31
Histidine 10C 53 1.8¢
Phenylalanin 197 112 1.7¢
Tyrosine 15¢€ 9€ 1.6¢
Leucine 30¢ 17z 1.8(C
Isoleucint 15¢€ 83 1.8¢
Methionine 92 51 1.8C
Valine 232 12¢ 1.8¢
Alanine 23€ 117 2.0z
Glycine 194 97 2.00
Proline 182 9¢ 1.8¢
Glutamic acit 59t 363 1.64
Serine 19¢ 10¢ 1.81
Threonne 147 74 1.9¢
Aspatrtic acit 36¢€ 19z 1.91
Tryptophat 57 2¢ 1.97
Cystine 84 4€ 1.8t
) U H-Biminobutyric acid 7 not detected S
Oryzano 8.4 not detecte S
Total ferulic acit 2C 4.¢ 4.0¢
Polyphenc 0.0¢ not detecte S

WR: white rice; OR: OIST rice.
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could range from the mogbsitive response @ points)

. . Table 2. Characteristics of the
to the most negative responsg goints).

(mearrSD, median [IQR])

participants

Outcome Participant
The primary outcome of this study was the difference in Numbe 17
the area under the curve (AUC) of plasma glucos240 Gender
min) during the meal tolerance test. Secondary outcome: ~ Male 1€
included the differencen the AUC of insulin, plasma-C TpreeQ‘g:‘abete !
peptide, total GIP, and total GLP In addition, the dif- Type 1 0
ferences in the incremental AUC (iAUC) of plasma glu- Type : 17
cose, insulin, plasma-@eptide, total GIP, and total GLP Othel 0
1 were considered the secondary outca®reover, the Age (years 70.0[59.673.0
food palatability questionnaire was evaluated as the sec Weight (kg) 69.7212.6
ondary outcome. BMI (kg/m?) 25.43.1

Disease duration (yea 1.0[0.}5.0]

. . Neuropathy ( +) 41z

Statisticalanalysis Retinopathy ( /-) 0/17
The results are expressed as mean + standard deviatic Nephropath
(SD) or median (interquartile range [IQR]). Treatment Stage : 14
effects were analyzed with an anadysf variance mode Stage 3
adjusted for the timing effects and baseline values. Anal- 2::92 3 8
yses were performed with R version 3.4 (R Foundation Stage‘ 0
for Statistical Computing, Vienna, Austria). Statistical ppa1c (9 11.543.C
significance was set a0.05 GA (%) 29.1+9.1

PG (mg/dL 193.(£66.5
RESULTS Cre (mg/dL 0.7&0.1¢
Table 2 shows the basadicharateristics ofthe partici- F-CPR (ng/mL 1406
pants. Three of the 20 participants were unable to com: gtrlhne albumin (mg/day 9456194

. . . er antidiabetic igs

plete the test meal; thus, 17 participants were included ir s yiin 1€
the main analysis (Figure 2). The median age of the par  metformir 11
ticipants was 70.0 [59:0°3.0] years, 10 participantseve SGLTZI 1

males (58.8%), ath the median disease duration was 1.0

BMI: body mass indexHbAlc: hemoglobin AlcPG: plas-

ma glucosgCre: serum creatinine;-EPR; fasting serum
C-peptide immunoreactivity; GLT2-I: sodiumglucose ce

transport inhibitor

[0.1-5.0] years. The mean body mass index (BMI) was
25.%3.1 kg/nt. The mean plasma glucose was
193.:66.5 mg/dL, and the mean HbAlc was ¥B.9
%.

Figure 3 shows the time course and AUCptisma

glucose, insulin, glsma Gpeptide, total GIP, and total 20 patients
GLP-1. Considering the plasma glucose, no difference underwent
was observed between the OR and WR for up to 60 screening

minutes. However, after eating OR, the plasma glucose

concentration peaked at 60 minute$jler WR peaked at 11;’;:1::;6
120 minues. The plasma glucose concentration after eat-
mg_OR was S|gn|f|gantl_y lower at 1ZQ minutes than after 20 were eligible
eating WR. Considering the insulin and plasma C
peptide, there was no difference between the OR and WF

. . . . None were
for up to 60 minutes. fie insdin concentration &ér eat- unenrolled
ing OR was significantly lower at 120 minutes than after

eating WR. The plasma-fieptide concentration was sig-
nificantly lower at 240 minutes than after eating WR.

Table 3 shows the difference in the AUC and iAUC for
eachevaluaion item. The diffeence in the total AUC of
plasma glucose, which is the primary endpoint of this
study, was-8223 (95% CI:-10100 to-6346, p<0.001)
mg-min/dL. The difference in iIAUC of plasma glucose
was -8162 (95% CI: -9985 to -6340, p<0.0QL)
mg-min/dL. Therefore, the miprandial plasma glucose
was significantly lower when OR was ingested than when
WR was ingested. The difference in the total AUC of
insulin and

20 were enrolled

3 were unable
to complete
the test meal

17 completed the
study

Figure 2. Flow chart of paticipants
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Figure 3. Result of the medablerance test(a) glucose, I) insulin, €) plasma Gpeptide, ¢) total GIP, €) total GLR1. The line graph
shows the time couef each paramet. The bar graph shows the area under the curve (AUC) forpeaemeter. The dashed and solid
lines show white rice (WR) and OIST rice (OR), respectively. The diagonal stripes and the blabkbwaNR and OR, respectly.
Since total &P-1 was not normlly distributed, it shows median (IQR})(iAUC; incrementalAUC.

plasma Gpeptide was-1139 (95% CI:-1839 to-438, texture, consumability, and habitual intake. No exge®

p=0.004) pU-min/mL, and225 (95% Q: -316 t0-133, events were observed dugithe study perib In particu-

p<0.001) ng-min/mL, respectively; thdiffererce in the lar, no gastrointestinal sidefefts such as nausea, vomit-

IAUC of insulin and plasma Peptide was1068 (95% ing, abdominal bloating, or diarrhea were observed after

Cl: -1770 to-365, p=0.006) pU-min/mL and225 (95% ingesting OR

Cl: -316 to -134, p<0.001) ng-min/mL, respectively.

Therefore insulin secretion wa significantly laver when  DISCUSSION

OR was ingested than when WR was ingested. The difn patients with type 2 diabetes, the rise of plaga

ference in the total AUC of total GIP wa4886 (95% CI:  cose following single ingéi®n of OR was sigificantly

-8456 t0-1317,p=0.011) pmol-min/L, and the difference lower than that following ingestion of WR. Irddition,

in IAUC was-4877 (95% CI:-8438 t0-1316,p=0.011) the rise of insulin, plasma-@eptide, and total GIP were

pmol-min/L. The difference in tatotal AUC of the total also significantly lower with OR. These indicate that OR

GLP-1 was -171 (95% CI.-1034 to 691,p=0.673) results in postprandial gdmaglucose improvement inde-

pmol-min/L, and the difference in IAUC was 143 (95% pendent of insulin.

Cl: -265 to 550p=0.461) pmol-min/L. The total GIP was A metaanalysis published in 2019 revealed that re-

significantly lower when ORvas ngested however, the sistantstarch improved fasting plasma glucose.Z6 F

difference in total GP-1 did not reach statistical signifi- 0.5, -0.02] mmol/L) and HbA1c-0.43 }0.74,-0.13] %)

cance. in patients with type 2 diabetd€On the othe hand, a
Figure 4 shows the results of the food palatability quessimilar metaanalyss published in theame year showed

tionnaire. Comparetb WR, OR was rated lower in taste, no effect on the fasting plasma glucos6.03 F0.11,
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Table 3. Results of group differences (OR vs WR)

Group 95% Confidence interv

OR WR differences Lowerlimit  Upper limi pvalue

Plasma gluco:

AUC (minmg/dL) 38324694« 4514°+680: -822: -1010( -634¢ <0.00!

IAUC (minmg/dL) 12914592 20654442 -816:2 -998t -634( <0.00!
Insulin

AUC (minpuU/mL) 423(+1511 532&+191: -113¢ -183¢ -43¢ 0.00¢

IAUC (minpuU/mL) 137€+741 24724174¢ -106¢ -177(C -36¢ 0.00¢
Plasma «peptide

AUC (minng/mL) 68€+247 9134352 -22t -31€ -13¢ <0.C01

IAUC (min-ng/mL) 38(+14C 607+242 -22t -31¢€ -134 <0.00!
Total GP

AUC (minpmol/L) 247747497 283741036: -488¢ -845€ -1317 0.011

IAUC (min-pmol/L) 147255841 1920%6529 -4877 -8437 -1316 0.011
Total GLF-1'

AUC (minpmol/L) 3694 [2¢9C-4890 3970 [325+-5192 -171 -103¢ 691 0.67:

iIAUC (minpmol/L) 505 |301-845] 608 [37¢-1020 142 -26¢ 55C 0.467

OR: OIST rice; WR: white rice AUC: area under the cury@AUC: incremental AUC GIP: gastric inhibitory peptideGLP-1: glucagon
like peptde-1.
"Median (IQR).

0.05] mmol/L) or HbA1c{0.27 F0.57, 0.03] %) levels in act as prebiotics. Ingested resistant starch is fermented by
patients with type 2 diabetéShese results indicate that gastrointestinal microbiota. Since gastrointestinal micro-
the effect of regstart starch on plasma glue®ss contro-  biota produces shedhain fatty acids (SCFASs), there is
versial.We propose the following reasons for their incon-an increase in SCFA$* SCFAs are also associataith
sistency.First, the use of processed foods contain milledelevated GLPL'® GLP-1 could increase in loagrm OR
grains with resistant starch instead of cooked grain. Se@wonsumption. Therefore, a lotgrm study should be
ond, the included participants were oftalmese Finally, conducted in the future.
the amount ofesistant starch vegprobably inadequate. In In this study, we analyzed the nutritional components
this study, OR containing resastt starch (4.7 g/100 g) of OR and WR after cooking rice. The proportion of re-
was employed to improve the postprandial plasma glusistant stech in OR before cooking the rice was reported-
cose concentrations in patients with type 2 diabetes, whly 38.5% (Supplementangable 1); however, after cooking
had an averagBMI of 25 kg/n?. In addition,this study rice it was 4.7 g/100 g. In cooked WR, the resistant starch
demonstated that OR suppressed the increase in insulimvas 0.9 g/100 g. The resistant starch of OR was approxi-
and increLQ IR O OR ZL Qglucesidi@s® nhibitors mately 5 times that of WR. Even aftemnsidering water

.*, DUH RQH RI WKH RUDO K\SRJOobFEtBdymebrly/H6® $¥100 g,*thel resistait starch of OR
LWV WKH -Bliicasid&s€) aR enzyme thgdrdyzes  was only 13% of the components with the exception of
.-glycosidic bonds, and suppresses postprandial hypewater. In the EU, a health claim can be presented if re-
glycemia by delaying glucose absorption.eTéffect of  sistant starch is 14% or more. In this study, OR did not
¥, LV FRQVLGHUHG WR EH VLPL O Dmeetthe cvitdéBfvthe fhéalthHdin /RO @IVt demdnt F K
W KDV EHHQ GHPRQVWUDWHG W kstiatwd & ,statixtiSaiyJ slgnidant plagmaD @u8ose im-
increases GLR.1° GIP-secreting cells (K cells) are pre- provement effect. A study investigating the resistant
sent in the upper small intestine, and Gl-Becreting starch content and glycemic index of various iiceitro
cells (L cells) argpresent in the lower small intestile  reported that the resistant starch content was-0.37%
8SRQ GHOD\LQJ WKH DEVRUSWLR QarRll theDdly&eri¢ \iGdexD Was! 078N ThQs] resjstant
the stimulation of incretin secretion from the upper smallstarch of approximately 2% may lower the glycemic in-
intestine was reportedly suppressed, and the stimulatiodex by nearly 10. On the other hand, it is generally re-
of incretin secretion from the lower sméaiftestine was ported that the higher the amylose content, the higher the
enhanced® 7KLV ZDV QRW FRQVLVWHQ Wropdrirkofwekistam btaidFOR fodsedses the charac-
and the obtained result that GIP was suppressed, bteristics of resistant starch by extending the side chain of
GLP-1 was not elevated in this study. OR could have esamylopectin. Such a difference in the starch structure
caped absorption not only from the upper small intestineould possibly improve plasma glucose control. On the
but also from thdower small intestine. In addition, it has other hand, several studies claimed that resistant starch
been reported that GIP secretion response t@ IFal  increased due to lowemperature storadfe or micro-
glucose tolerance test (OGTT) was comparatively lowemwave!’ In order to increase the feasibility of the study,
than 75g OGTT, however, no significant difference was the OR after cooking was frozen and reheated with mi-
observed in GLRL secretiort? Based on the findigs of  crowave before the test. In this study, the effects of freez-
this study, it can be considered that the amount of Glfhg and microwave have not been imigated. In the
secreted depends on the amount of absorbed nutrienfsiture, it is necessary to investigate how OR improves
However, the relationship between GlLPsecretion and plasma glucose.
absorbed nutrients is unclear. On the other hand, in the Since the rice grains of O&e easily broken, 30% of
medium to long term, ressstt starch hadbeen shown to the rice is polished. Thus, the OR contains some bran.
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Figure 4. Result of the food palatability questionnaire. (a) taste, (b) texture, (c) consumability, (dahialétke, (e) satiety.e diagonal
stripes and the black barah white rice (WR and OIST rice (OR), respectively hE figure on théeft shows the histogram. The figure
on the right shows the total score as nSih

7TKHUHIRUH 2 5orfZRmMRIWarib3d mino acids, resistant starch using riédlour, such as wheat flour, can
andtrace elements. In particular, potassium and magnesibe processed into various dishes. If rice can be consumed
um reportedly possess insulin secretion promotion ands gainsand not milled, the variety of meal menus would
insulin resistance improvement effetsSince potassium increase. In the Asian population, rice grain is consumed
and magnesium are in greater quantity in OR than in WRas a staple food, which is an indispensable ingredient.
it is necessary to consider theiosgble role in plasma Since eating habits differ based on one’s tastes, attention
glucose control. However, considering the results of oushould be paid to one’s peeénces during diet therapy
previous study on the glycemic levels between WRsupervisiorf® Grain consumption could open up the pos-
brown rice, and glutinous brown rice for one day, no sig-sibility of considering the tastes of people who eat rice as
nificant difference was found in the glycemic levels be-their staple food.
tween WR and lown rice® Therefore, nutrients con- On the other hand, according to the food preference
tained in the bran possibly do not directly improve gly-questionnaire of this study, OR was inferto WR in
cemic control. Thus, it is necessary to further investigatéaste and consumability. In the future, it is necessary to
the cause for the plasma glucose improvement observesktablish a cooking method to compensate for these
in this study. weaknesses. Specifically, we should investigate whether
In the past studies, high amyloserstawas milled and consumption of OR can be made easier by combining OR
processed (bread, muffins, cookies, and so forth) as reend WR without compromisg on the effectiveness of
sistant starck® On the other hand, few studies exist onglycemic control of OR. In addition, we should consider
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developing a menu and including dishes such as soups,
which would make consumption of OR easier.

This study has several limitations. First, the test meal
was only rice. Wheeding meals, it is common to eat not 7.

only rice but also side dishes and soup at the same time.

Second, the test meal was consumed only once. Finally,
the number of participants was small, and all the partici-
pants were hospitalized at a single centethé&future, it
is necessary to examine the effect of OR in improving
long-term glycemic control in the real world. 8.
In conclusion, OR, which is a type of rice rich in re-
sistant starch, significantly reduced postprandial plasma
glucose concentrations compate WR in patients with
type 2 diabetes. In addition, insulin, plasmepéptide,
and total GIP were significantly reduced during OR in-9-
gestion compared to WR ingestion. Therefore, for pa-
tients with type 2 diabetes, OR ingestion improved the
plasma glucoséndependent of insulin secretion com-

systematic literature reviewand metaaralysis of
randomized contiled trials. Nutrients. 2019;1:1833. doi:
10.3390/nu11081833.

Kwak JH, Paik JK, Kim HI, Kim OY, Shin DY, Kim HJ,
Lee JH, Lee JH. Dietary treatment with rice containing
resistant starch improves markers of endothdliaction
with reduction of postiandial blood glucose and oxidative
stress in patients with prediabetes or newly diagntyges2
diabetes. Atherosclerosis. 20224457-64. doi: 10.1016/j.
atherosclerosis.2012.08.003.

Terashima Y, Nagai Y, Kato H, @n A, TanakaY. Eating
glutinousbrown rice br one day improves glycemic control
in Japanese patients wittype 2 diabetes assessed by
continuous glucose monitoring. Asia Pac J Clin Nutr. 2017,
26:421-6. doi: 10.6133/apjcn.042016.07.

Wang Y, Chen J, SonYH, Zhao R Xia L, Chen Y etal.
Effects of the resistant starch on glucose, insulin, insulin
resistance, and lipid parameters in overweight or obese
adults: A systematic review and metaalysis. Nutr
Diabetes. 2019;19. doi: 10.1038/s4138019-00869.

pared to the effects of WR 10.Eng FY, Inenyiz N, Akin / 7XUR=0X 7HakldrGsH )

ACKNOWLEDGEMENTS
The authors would like to thank Chisa Fujikura for her cooking
support, Yuko Yasuda and Ritsuko Oikawa for their expert as-

et al. Inhibition of gastric emptying by acarbose is correlated
with GLP-1 response and accompanied by CCK release. Am
J Physiol Gastrointest Liver Physiol. 20081.G75263.

doi: 10.1152/ajpgi.2001.281.3.G752

sistance, and the Clinical Research Data Centet. MeBanna 11 .Seino Y, Yamazaki Y. Roles of glucosdependent

University $hool of Medicine for their data management

insulinotropic polypeptide in dighduced obesity. J
Diabetes Investig. 20223:11228. doi: 10.1111/jdi.13816.

AUTHOR DISCLOSURES 12.Yamane S, Harada N, Hamasaki A, Muraoka A, Joo E,

None of the authors have any conflicts of interest associated
with this study.

This work was funded by the Nichirei corporation, Okina
Institute of Science and Tewblogy Graduate University, JSPS

Suzuki K et al Effects of glucose and meal ingestion on
incretin secretion in Japanese subjects with normal glucose
tolerance. J Diabetes Investig. 2@:80-5. doi: 10.1111/.
20401124.2011.00143.x.

KAKENHI (grant number JP20K19722), and Rice Stable Sup-13.Nilsson AC, Ostman EM, Granfeldt Y, BjorcME. Effect

ply Support Organization (Public Interest Incorporated Associa-
tion), Tokyo, Japan. The funders had no role in the design of the
study; inthe colkedion, analyses, or tarpretation of data; in the
writing of the manscript

of cereal test breakfasts differing in glycemic indexd a
content of indigestible carbohydrates on daylong glucose
tolerance in healthy subjects. Am J Clin Nutr. 280845

54. doi: 10.1093/ajcn/87.3.645.

14. :A4RGDUF]\N 0 O L * HeheydDresistaftl stafeh

REFERENCES
1. Pereira C, Lourenco VM, Menezes R, Brites C. Rice
compounds with impact on diabetes control. Foods. 2021,

and dextrins as prebiotics: a review of thestixg evidence
and clinical trials. Nutrients. 202113:3808. doi: 10.
3390/nu13113808.

10:1992. doi: 10.3390/foods10091992. 15.Byrne CS, Chambers ES, Morrison DJ, Frost G. The role of

2. EFSA Panel o Dietetc Products, Nutrition ah Allergies
(NDA). Scientific opinion on the substantiation of health
claims related to resistant starch and reduction of

short chain fatty acids in appetiregulabn and engy
homeostasis. Int J Obes (Lond). 2(BE513318. doi: 10.
1038/ijo.2015.84.

postprandial glycaemic responses (ID681), “digestive healthy 6. Lj H, Liu B, Bess K, Wang Z, Liang M, Zhang Y, Wu Q,

benefits” (ID 682) and “favours a norn@dlon meabolism”
(ID 783) pursuat to Article 13(1) of Regulation (EC) No
1924/2006. EFSA.20119:2024. doi: 10.2903/j.efs2011.
2024.

Yang L. Impact of lowtemperature storage on the
microstructure, digestibility, and absorptiorapacity of
cooked rice. Foods. 2022;1:1642. doi: 10.339@@ods
11111642.

3. Kubo A, Yuguchi Y, Takemasa M, Suzuki S, Satoh H, 17.Cheng Z, LiJ, Qiao D, Wang L, Zhao S, Zhang B.

Kitamura S. The use of mictweam xray diffraction for the
characteeation of starch crystastructurein rice mutant
kernels of waxy, amylose extender, and sugaryl. J Cereal
Sci. 200848:92-7. doi: 10.1016/j.jcs.2007.08.005.

Microwave reheating enriches resistant starch in-cbiin
cooked rice: A view of structural alterations during
digestion. Int J Biol Macromol. 22220880-7. doi:
10.1016/j.ijbiomac2022.03.034

4. Kubo A, Akdogan G, Nakaya M, Shojo A, Suzuki S, Satoh 18 Fardet A. New hypothes for the healtkprotective

H, Kitamura S. Structure, phgal, anddigestive properties
of stach from wx ae doublenutant rice. J Agric Food
Chem. 201®8:44639. doi: 10.1021/jf904074k.

mechanisms of wholgrain cereals: what is Beyond fibre?
Nutr Res Rev. 20103:65-134. doi: 10.1017/50954422
410000041.

5. Matsumoto K, Maekawa M, Nakaya M, Takemitsu H, Satoh19 Bergeon N, Wiliams PT, Lamecella R, Fapihnia N,

H, Kitamura S. Wx/ae doublautant brown rice prevents
the rise in phsma lipidand glucose levels in micdiosci
Biotechnol Biochem. 20126:221127. doi: 10.1271/bbb.
120501.

Grube A, Li X et al. Diets high in resistant starcbré@ase
plasma levels of trimethylamirg-oxide, a gut microbiome
metabolite associated with CVD risk. Br J Nutr. 2016;
20209. doi: 10.1017/S00071146Q04165.

6. Snelson M, Jong J, Manolas D, Kok S, Louise A, Stern R20. powers MA, Baiddey JK, Cypess M, Funnell MM, Harms

Kellow NJ. Metabolic effects of resistant startype 2: A

D, HessFischl A et al. Diabetes salfianagement education



56 Y Nakamura, A Takewto, T Oyanagi, S Tsunemi, Kubo, T Nakagawa el

and support in adults witkype 2 diabetes: A consensus

report of the American

Diabetes Association,
Association of Diabetes @a & Education Specialistshe

the

Academyof Nutrition and Dietetics, the American Academy

Supplementarytable 1. Nutrition facts of tet meal

(uncooked)
OIST rice Brown rice

Energy (kcafl009 352 389
Water (% 4.8 5.0
Carbohydrates () 76.4 77.4
Protein (% 11.0 7.3
Fat (% 5.9 4.7
Digestible starch (% - 77.4
Resistant starch (¢ 38.5 <1.C
Dietary fiber (% 25.5 3.7

It is repored that 38.5% of OR is composed ofis@ant starch.
On the contraryless than 1% of whitéce (WR) is composed

of resistant starch

of Family Physicars, the American Academy of PAs, the
American Association of Nurse Practitioners, and the
American Pharmacists Association. Diabetes Care. 2820;
163649. doi: 10.2337/dci20023



