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INTRODUCTION

ABSTRACT

Aims/Introduction: Using an investigational diet plan based on the Mediterranean diet
and the Dietary Approaches to Stop Hypertension diet comprised of substitute ingredients
that mimic the average East Asian diet, this study assessed the glycemic benefits in com-
parison with a food exchange system-based diet in established type 2 diabetes patients.
Materials and Methods: This was a 12-week, open-label randomized clinical trial car-
ried out among 60 Korean adults with type 2 diabetes having a median body mass index
of 235 kg/m?. Glycemic benefits in the investigational diet (group A) were compared with
those obtained with a food exchange system-based diet, either in the form of ready
meals provided to participants (group B) or not (group Q). The primary end-point was
changes in glycated hemoglobin from baseline to week 12.

Results: Changes in glycated hemoglobin (%) from baseline to week 12 were —

097 £ 097 in group A (vs group B, P = 0.085 in the full analysis set, and P = 0028 in the
per-protocol set; vs group C, P = 0030 in the full analysis set and P = 0.020 in the per-
protocol set), =0.51 £ 065 in group B (vs group C, P > 0.05 in the full analysis set and
the per-protocol set), and —036 + 0.74 in group C. Decreases from baseline in body mass
index, waist circumference and blood pressure were greater in group A than in group C.
Conclusion: With the provision of ready meals, the glycemic benefits of the investiga-
tional diet plan were demonstrable over a self-prepared food exchange system-based diet
in Korean adults with established type 2 diabetes.

follow, because wheat and rice are staple food sources in East

It has been suggested that healthful eating patterns, rather than
a specific composition of macronutrients, should be emphasized
in medical nutrition therapy for diabetes'. Several healthful eat-
ing patterns, such as the Mediterranean diet’, the Dietary
Approaches to Stop Hypertension (DASH) diet™ and plant-
based diets’, have been suggested to promote health in people
of various cultural backgrounds. However, most of these diets
are difficult for people of East Asian cultural backgrounds to
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Asian countries. Because some of the food items used in these
recommended diets are not readily available or frequently used
in local cuisine, lower acceptance of the Mediterranean and
DASH diets is seen in East Asian people with diabetes.

Indeed, most previous randomized clinical trials (RCTs) that
have examined the effects of the Mediterranean diet and the
DASH diet on glycemic control in people with type 2 diabetes
have been carried out in Western populations®®”. The majority
of study participants in these RCTs have been obese, limiting
the extrapolation of results to non-obese East Asian
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populations®®”. To date, just a few cross-sectional studies have
explored the benefits of the Mediterranean and DASH diets in
Asian populations®®. These studies were not carried out in peo-
ple with established type 2 diabetes, but rather in the general
population, with primary study outcomes focusing on car-
diometabolic risk factors rather than on glycemic outcomes.

To overcome the extremely high levels of carbohydrate con-
sumption in East Asian countries, medical nutrition therapy for
diabetes in East Asian countries usually relies on the use of a
food exchange system'®. Food exchange systems are considered
outdated in most Western countries’. East Asian people with
type 2 diabetes tend to show less obesity than Western popula-
tions, and their saturated fat intake is already low. Thus, it is
unclear whether a composition of low glycemic index, high
dietary fiber content and/or high unsaturated fatty acid, which
is absent in prevalent food exchange systems, can be beneficial
in the diets of East Asian people with diabetes'" .

The purpose of the present RCT was to determine the glyce-
mic benefits of an investigational diet plan comprised of substi-
tute ingredients that mimic the average East Asian diet, but
retain common characteristics of the Mediterranean and DASH
diets>*”', in adult Koreans with established type 2 diabetes.
The substitute ingredients, and how to cook with them, were
not as familiar to participants as the ingredients in conventional
food exchange system-based diets'®. For this reason, the investi-
gational diet plan was prescribed for participants in the form of
ready meals to minimize the possibility of poor compliance'.
The benefits of the investigational diet plan were compared
with benefits obtained with a food exchange system-based
diet'® provided to two distinct groups either in the form of
ready meals or not. This step was meant to examine whether
benefits were obtained from the contents of the diet specifically,
or from the provision of ready meals per se to adults with
type 2 diabetes.

METHODS

The institutional review board of Samsung Medical Center
approved the study protocol (SMC 2016-03-005-002), and writ-
ten informed consent was obtained from all study participants.

Study design and participants

This was a 12-week, open-label RCT to compare the efficacy of
three strategies of medical nutrition therapy for people with
type 2 diabetes. The present study was carried out from 18
March 2016 to 17 February 2017 at the Samsung Medical Cen-
ter in Seoul, Korea. This trial is registered with cris.nih.go.kr
(number KCT0002217).

Physicians in the outpatient clinic invited adults aged 19—
75 years with type 2 diabetes to participate in this trial accord-
ing to criteria including a body mass index (BMI) of 18.5—
30 kg/m?, patients on a stable dosage of oral antihyperglycemic
agents and with glycated hemoglobin (HbAlc) levels of 6.5—
10.0%. Patients who opted to participate (n = 63) were
screened for eligibility in detail on visit 1 (week —3 to —1), and
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60 participants were randomized. Exclusion criteria included
diagnosis of type 1 diabetes or gestational diabetes, use of
exogenous insulin therapy, congestive heart failure and chronic
kidney disease stage 4 or 5. Patient disposition, together with
full inclusion and exclusion criteria, are available in Figure S1
and in the Supplemental Methods.

Procedures

Eligible participants were randomly assigned to groups includ-
ing group A (n = 20), group B (n = 20) or group C (n = 20)
at a 1:1:1 ratio following a simple randomization procedure
without stratification, as detailed in the Supplementary Meth-
ods. All study participants in groups A, B and C received edu-
cation on medical nutrition therapy for type 2 diabetes at day
—1. In addition, the participants were informed of the charac-
teristics of each diet plan, such as macronutrient distribution,
food composition and expected eating patterns at the time of
study entry. Because this education alone could not ensure that
the participants would exactly follow the instructions, two pre-
portioned ready meals per day (breakfast and dinner) were pro-
vided to participants in groups A and B by a metabolic kitchen
(Dr. Kitchen Corp., Seoul, Korea) during the study period
(12 weeks). The ready meals were previously prepared and
cooked, so that participants would only need to heat them
before consumption. Participants were instructed to plan the
balance of their daily meals as instructed at the time of study
entry. Calories were determined based on participants’ ideal
bodyweight and levels of physical activity using the Harris—
Benedict formula. Calories per meal for a given ideal body-
weight were the same in groups A and B. The total daily
energy intake except the ready meals, including self-prepared
meals and snacks, of each participant in groups A and B was
confirmed by a food diary.

In group A, the use of sugars and starches was restrained,
whereas the amount of unsaturated fatty acid was increased to
achieve a carbohydrate : fat : protein calorie ratio of 4:3:3, with
net carbohydrates comprising 27% of total calories. Recipes in
group A included meals comprised of substitute ingredients
that mimic an average East Asian diet, as detailed in the Sup-
plementary Methods. Of the total calorie intake, the proportion
of saturated fat was ~4% and the proportion of unsaturated fat
was ~15%. Among unsaturated fats, the proportions of
monounsaturated fatty acids and polyunsaturated fatty acids
were ~66% and ~34%, respectively. Sodium content was limited
to 600-800 mg per meal to meet the goal of <2,300 mg per
day.

Recipes and ingredients used in meals for group B were
based on the Food Exchange System in Korea'?, with an aver-
age carbohydrate : fat : protein calorie ratio of 6:2:2, and with
net carbohydrates and unsaturated fat comprising 48% and
~10% of total calories, respectively. Among unsaturated fats, the
proportions of monounsaturated fatty acids and polyunsatu-
rated fatty acids were ~64% and ~36%, respectively. The level
of sodium content was the same as in group A.
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In group C, participants were encouraged to follow the same
guidelines used in group B, but no ready meals were supplied.
Thus, participants had to prepare meals themselves.

Assessment

The primary end-point for the assessment of efficacy was the
change in HbAlc from baseline to week 12. Secondary efficacy
end-points included changes from baseline to week 12 in other
important variables, including systolic and diastolic blood pres-
sure, waist circumference, body composition, fasting blood glu-
cose, proportion of participants with HbAlc <6.5% and
>6.5%, proportion of participants with HbAlc <7.0% and
>7.0%, fasting lipid parameters (total cholesterol, triglycerides,
low-density lipoprotein cholesterol and high-density lipoprotein
cholesterol), and fasting insulin, homeostatic model assessment
of insulin resistance and B-cell function (HOMA-IR and
HOMA-B)'®.

All adverse events (AEs) were recorded, and their severity
and causal relationship to the provided meals were monitored.
Details in the efficacy and safety assessments, and laboratory
methods are described in the Supplemental Methods.

Statistical analysis

Efficacy analysis was carried out on the full analysis set (FAS),
which included all participants for whom a post-baseline effi-
cacy assessment was available, and on the per-protocol set
(PPS), which included the subset of FAS participants who com-
pleted the study without any major protocol violations, includ-
ing violations of inclusion and exclusion criteria. Analysis of
the primary efficacy end-point was based on analysis of vari-
ance (aNova). Secondary end-points were analyzed in FAS and
PPS participants. The significance of changes in secondary effi-
cacy end-points among groups was evaluated by ANOVA.

Safety parameters were analyzed in the safety population set,
which consisted of enrolled participants who received at least
one dose of ready meals or self-prepared meals.

For sample size calculation, the null hypothesis was that the
change in HbAlc from baseline to week 12 would not be dif-
ferent among the three groups. The expected difference in the
change in HbAlc between groups B and C, and the expected
difference in the change in HbAlc between groups A and C
were both set to >0.5%', a 5% significance level (o), 90%
power (1-B) and 1:1:1 allocation to each group. The sample size
was calculated as 20 participants per group (for a total of 60
subjects), as detailed in Supplementary Methods.

RESULTS

Among the eligible patients (n = 60), 53 had completed the
study at week 12 (group A, n = 16; group B, n = 20; group C,
n = 17; Figure S2). The mean daily total energy intake, exclud-
ing the ready meals, was 679.1 + 76.7 kcal in group A and
639.7 % 61.9 kcal in group B (P = 0.2268). Demographics and
baseline characteristics were balanced among the groups
(Table 1).

CLINICAL TRIAL
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Changes in HbAlc (%) from baseline to week 6 were —
0.84 + 0.73 in group A (vs group B, P = 0.021 in FAS and PPS;
vs group C, P =0.003 in FAS and P =0.004 in PPS), —
0.39 £ 0.39 in group B (vs group C, P = 0.270 in FAS and PPS)
and —0.23 * 0.42 in group C (for FAS see Figure la-b and for
PPS see Figure 3Sa-b). Changes in HbAlc (%) from baseline to
week 12 were —0.97 + 0.97 in group A (vs group B, P = 0.089
in FAS and P = 0.028 in PPS; vs group C, P = 0.030 in FAS and
P =0.020 in PPS), —0.51 £ 0.65 in group B (vs group C,
P =0.563 in FAS and PPS) and —0.36 £ 0.74 in group C (for
FAS see Figure 1a,b, and for PPS see Figure S3a-b). A reduction
from baseline in fasting plasma glucose (mg/dL) at week 6 was
greater in PPS group A (—25.00 £ 43.65) than in group C
(1.63 £ 19.14, P =0.017 in FAS and P = 0.019 in PPS; Fig-
ure S3¢; data is not shown for FAS). Changes from baseline in
HOMA-IR and HOMA- at week 12 in FAS group A were not
different from changes from baseline in HOMA-IR and HOMA-
B at week 12 in groups B and C (Figure S4a,b; PPS data not
shown). The change in high sensitivity C-reactive protein was sig-
nificantly different between FAS groups B (—0.08 £ 0.27) and C
(0.07 £ 0.23) at week 6 (P = 0.033), but there was no difference
at week 12 (Figure S4c; PPS data not shown).

Reductions in low-density lipoprotein cholesterol, increases in
high-density lipoprotein cholesterol and reductions in triglyc-
eride in group A were significantly greater than in group C at
week 12 among FAS participants (Figure S5a—d; PPS data not
shown). Reductions in bodyweight (—1.70 + 2.07 in group A vs
027 £ 1.13 in group C, P < 0.001), BMI (-0.68 + 0.90 in
group A vs 0.00 £ 0.48 in group C, P = 0.010; for FAS see Fig-
ure S4e and 4f; PPS data not shown), waist circumference (—
1.70 + 3.10 in group A vs 1.00 £ 3.01 in group C, P = 0.008;
for FAS see Figure S5g; PPS data not shown), percentage total
body fat mass (—1.36 + 2.31 in group A vs 0.23 £ 1.90 in
group C, P = 0.023) and percentage visceral fat (—0.01 % 0.01
in group A vs 0.00 £ 0.01 in group C, P = 0.014; for FAS see
Figure S5h—i; PPS data not shown) at week 12 were greater in
group A than in group C. In the FAS participants with baseline
BMI >23, weight reduction from baseline was significant in
groups A (-238 £ 158, P=0.001; n=10) and B (-
1.67 £ 1.90, P = 0.015; n = 11), but not significant in group C
(-0.30 £ 1.15, P = 0.456; n = 9). In the FAS participants with
baseline BMI <23, weight reduction from baseline was not sig-
nificant in any groups. Reductions in systolic (-1.90 = 11.41 in
group A vs 7.95 = 11.92 in group C, P = 0.011) and diastolic
blood pressure (—1.60 £ 7.96 in group A vs 5.00 £ 9.85 in
group C, P = 0.025) between baseline and week 12 were greater
in group A than in group C (for FAS see Figure S5jk; PPS data
not shown).

When paired t-tests were carried out for each group in FAS
before and after the study period, there was a significant reduc-
tion from baseline in self-monitoring of blood glucose levels
after breakfast (—59.7 + 72.2, P = 0.011) and before lunch (-
29.6 £ 34.5, P = 0.001) in group A, but not in groups B and C

(Figure 2).
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Table 1 | Demographics and baseline characteristics (full analysis set population)
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Group A (n = 20)

Group B (n = 20)

Group C (n = 20)

Age, years (range) 635 (51-75) 60.0 (44-74) 61.0 (34-74)
Male 9 (45%) 9 (45%) 13 (65%)
Weight (kg) 614 (500-76.6) 61.8 (520-780) 62.5 (48.7-79.5)
BMI (kg/m?) 235+ 2.1 237+18 233+185
Waist circumference 8405 + 649 83.90 + 656 8295 + 4.70
Percent total body fat mass 2608 £ 698 2686 £ 636 2405 £ 559
Proportion of visceral fat 090 + 004 090 + 004 089 = 004
Years since diabetes diagnosis 150 (6-26) 13.0 (2-30) 140 (1-24)
HbA1c (%) 777 £ 091 770 £ 067 774 £ 096
Fasting insulin (mU/L) 923 £ 708 1407 £ 1293 790 £ 466
HOMA-IR 354 £ 280 510 + 448 291 £ 177
HOMA-B 4244 + 3741 65.78 £ 70.34 3712 £ 2720
Oral antihyperglycemic agents
No. medications
Monotherapy 4 (20%) 4 (20%) 6 (30%)
Met 4 (20%) 3 (15%) 6 (30%)
Dual therapy 8 (40%) 9 (45%) 8 (40%)
Met + DPP4i 6 (30%) 2 (10%) 3 (15%)
Met + SU 1 (5%) 4 (20%) 4 (20%)
Triple therapy 8 (40%) 7 (35%) 6 (30%)
Met + DPP4i + SU 6 (30%) 3 (15%) 4 (20%)
Type of medication
Met 20 (100%) 16 (80%) 19 (95%)
DPP4i 13 (65%) 7 (35%) 9 (45%)
SU 8 (40%) 12 (60%) 11 (55%)
SGLT2i 2 (10%) 4 (20%) 1 (5%)
TZD 0 1 (5%) 0
AGI 1 (5%) 3 (15%) 0
Lipid-modifying drugs 13 (65%) 14 (70%) 15 (75%)
Statins 13 (65%) 14 (70%) 14 (70%)
Ezetimibe 1 (5%) 1 (5%) 1 (5%)
Omega-3 acid ethylester 0 2 (10%) 0
Antihypertensive therapy 9 (45%) 5 (25%) 8 (40%)
ACEl 1 (5%) 2 (10%) 1 (5%)
ARB 8 (40%) 3 (15%) 7 (35%)
Aspirin 7 (35%) 5 (25%) 7 (35%)
Microvascular complications
Diabetic retinopathy 3 2 4
Diabetic kidney diseases
Microalbuminuria 0 1 1
Decreased eGFR' 4 2 1
Diabetic polyneuropathy 3 3 0

Data are expressed as medians (range), Data presented as n (%), or mean + standard deviation. TAIl had an estimated glomerular filtration rate
(eGFR) of 4560 mL/min per 1.73 m?”. ACEH, angiotensin-converting enzyme inhibitor; AGI, alpha-glucosidase inhibitor; ARB, angiotensin receptor
blocker; BMI, body mass index; DPP4i, dipeptidyl polypeptide-4 inhibitor; eGFR, estimated glomerular filtration rate; FAS, full analysis set; HbATc, gly-
cated hemoglobin; HOMA, homeostatic model assessment; IR, insulin resistance; Met, metformin; SGLT2i, sodium—glucose cotransporter 2 inhibitor;
SU, sulfonylurea; TZD, thiazolidinedione.

Among the safety population set (n = 60), four patients that developed in group A was “dyspepsia.” Otherwise, all
in group A and one patient in group B reported one or AEs were judged unrelated to dietary interventions, and
more AEs, without significant differences between groups. did not cause discontinuation of the investigational diet.
Three patients in group A and one patient in group B There were no serious AEs, and all of the AEs were classi-
reported one or more events of hypoglycemia. Another AE  fied as “mild.”
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Figure 1 | Glycemic outcomes during the study period in the full analysis set participants. (a) Glycated hemoglobin (HbA1). (b) Change from
baseline in HbATc. *Group A versus group B, P < 0.05; Tgroup A versus group C, P < 0.05.

According to the satisfaction section of the questionnaire, the
mean proportion of meals for which study participants
described their levels of satisfaction as “very satisfied,” “okay”
and “not satisfied” with regard to taste was not different
between groups A and B (Figure S6).

DISCUSSION

In the present RCT, the glycemic benefits of the investigational
diet plan provided in the form of ready meals (group A) were
demonstrable in comparison with the benefits of a food
exchange system-based diet prepared by the participants
(group C) in intention-to-treat analysis. Given the significant
difference in the primary outcome between groups A and B
was observed only in PPS, but not in FAS, it is likely that the
benefits of the investigational diet plan were obtained by the
combined effects from the specific contents of the diet and the
provision of ready meals to the participants. This difference
manifested as early as week 6, consistent with the findings of
previous studies examining the effects of the DASH diet” and
the Mediterranean diet'”. Among the three groups, only
group A showed markedly reduced post-breakfast and pre-
lunch glucose levels on 7-point self-monitoring of blood glucose
on day 85. Key differentiators in designing diets for groups A
and B in the present study were a reduction in the amount of
net carbohydrates (sugars and starches), the use of ingredients
with a lower glycemic index, an increase in dietary fiber con-
tent and an increase in unsaturated fatty acid intake in group A
relative to group B. All of these factors were likely to have had
profound effects on reducing postprandial glucose excursions in
participants with type 2 diabetes.

Although a simple low-carbohydrate diet for people with
type 2 diabetes has been shown to be effective in terms of
glucose lowering, as well as reduction of cardiovascular risk
factors in the short term, the benefit over diet plans with

higher carbohydrate contents has not been shown in a meta-
analysis involving long-term studies'®. A recent meta-analy-
sis'’ reported a significant benefit of a low-carbohydrate diet
for type 2 diabetes patients, in terms of HbAlc at 1 year. In
that meta-analysis, however, the significance mostly depended
on a large-scale study evaluating effects of a Mediterranean-
style diet’, rather than studies of a simple low-carbohydrate
diet. No studies, except this single study, included in the
meta-analysis showed a significant benefit of low-carbohy-
drate diet in terms of HbAlc at one year'. In fact, several
long-term studies showed that diet plans with relatively high
carbohydrate, but with low glycemic index and high fiber,
contents result in favorable results. Given that drastic changes
in carbohydrate contents would make a diet plan harder to
follow in the longer term, we chose to use the Mediterranean
and DASH diets, which involve more moderate reduction of
carbohydrate, but also encourage the intake of unsaturated
over saturated fatty acid.

Several RCT's carried out among obese people with type 2
diabetes have explored the glycemic benefits of the Mediter-
ranean diet>"”, the DASH diet”'* and vegetarian diets®. How-
ever, just a few of these RCT's designate glycemic control as the
primary outcome>®’. The diet used in group A in the present
study was closer to the Mediterranean®'” or DASH diet”'* than
to a vegetarian diet in terms of carbohydrates and unsaturated
fat contents. It is notable that glycemic benefits were repro-
ducible from the findings of previous studies in obese partici-
pants, even though the median BMI was 23.5 kg/m” among
participants in the current study. In addition, the investigational
diet plan (group A) also showed significant reductions in BMI,
bodyweight and blood pressure measures in participants in
comparison with the group C diet. These findings are consis-
tent with the findings of previous studies carried out with obese
participants with type 2 diabetes™®’.

© 2020 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Figure 2 | Seven-point self-monitored blood glucose profiles (a) before
and (b) after the study period at day 85 in the full analysis set
participants. In each group, the values from the same participants
before and after the study period were compared by paired t-tests.
Note that 23% of the ready meals in group A, and 14% of the ready
meals in group B were taken as lunch instead of dinner, although the
ready meals were originally provided as breakfast and dinner. *Before
versus after the study period in group A, P < 005. AB, after breakfast;
AD, after dinner; AL, after lunch; BB, before breakfast; BD, before dinner;
BL, before lunch; BT, bedtime.

Two randomized clinical trials with Japanese people with
type 2 diabetes compared the efficacy and safety of the low-car-
bohydrate diet and calorie-restricted diet. Although there was
no calorie restriction in the low-carbohydrate diet groups in
both studies, the total calorie intake achieved during the study
period was not different between the low-carbohydrate diet and
calorie-restricted diet groups in the Yamada et al. study®’, and
was lower in the low-carbohydrate diet group in the Sato et al.
study”'. Although self-monitoring of blood glucose profiles were
not presented in both studies, greater reduction in HbAlc was
demonstrable in both studies. Loss of bodyweight, achieved by

http://wileyonlinelibrary.com/journal/jdi

lower calorie intake, was not a requisite for the benefit of a
low-carbohydrate diet in the Yamada et al. study® and a previ-
ous study carried out in a Western population®.

Several new aspects distinguish the present study from previ-
ous RCTs that used the Mediterranean and DASH diets in
obese Western populations. First, this study provides direct
RCT evidence in an East Asian population based on East Asian
food culture. A profound decrease in postprandial glucose levels
was shown to be achievable in the East Asian study population,
where postprandial hyperglycemia is more profound and obe-
sity is less common than in Western populations. Glycemic
benefits were not shown to be associated with decreased patient
satisfaction in terms of taste, which stands to promote the use
of substitute ingredients compatible with the East Asian food
culture. Second, the present study utilized two control groups
(one with and one without the provision of ready meals) to dif-
ferentiate the relative contributions of dietary contents and
delivery method to overall positive outcomes.

We recognize several limitations of this study. Importantly,
the primary outcome was significantly different between
groups A and B in PPS, but not in FPS. Because the differ-
ence in the primary outcome between the groups A and B in
PPS might be due to attrition bias or small sample bias, it
should be noted that it is inconclusive whether the benefit in
the primary outcome was from dietary contents or delivery
method. In this context, it should also be noted that the total
calorie intake in group C was not confirmed by a food diary,
although the total energy intake was similar between
groups A and B. Subgroup analysis of the participants with
BMI >23.0 kg/m” also showed that significant weight reduc-
tion from baseline was observed only in the participants in
groups A and B, but not in group C. Therefore, it is uncer-
tain whether the difference between groups A and C in inten-
tion-to-treat analysis was from the dietary composition, or
from the combined effect of dietary composition and energy
intake. In addition, the study period was insufficient to docu-
ment the long-term benefits of the tested dietary patterns. In
this regard, further long-term studies, possibly consisting of a
ready meals phase, a transition phase and maintenance
phases with minimal provision of ready meals'>, might
extend the clinical implications herein.

In conclusion, the present study provides RCT-supported
evidence of the glycemic benefits of a diet plan, provided to
participants in the form of ready meals, comprised of substitute
ingredients that mimic the average East Asian diet, but still
retain common characteristics of the Mediterranean and DASH
diets, for Korean adults with established type 2 diabetes having
a median BMI of 23.5 kg/m>. The significant benefit might be
attributable to the combined effects from the specific contents
of the diet and the provision of ready meals to the participants.
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Figure S3 | (a) Glycated hemoglobin and change from baseline in (b) glycated hemoglobin (HbA1c) and (c) fasting plasma glucose
in the per-protocol set (PPS).

Figure $4 | (a) Homeostatic model assessment of B-cell function (HOMA-B), (b) homeostatic model assessment of insulin resis-
tance (HOMA- R) and (c) high sensitivity C-reactive protein (hs-CRP) in the full analysis set (FAS).

Figure S5 | Lipid parameters, bodyweight, body mass index and blood pressure during the study period in the full analysis set
(FAS) participants.

Figure S6 | The taste satisfaction during the study period in groups A and B.
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