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Abstract: This study aimed to evaluate the acute effects of consuming in a full-course
meal manner over one hour, with intervals between courses, on glycemic and insulin
parameters in young healthy women, with a randomized controlled crossover study design.
Experiment 1: Fifteen participants consumed a test meal under two eating conditions: fast
eating manner for 10 min, and eating in a full-course meal manner for 60 min. In both
conditions, the food order was standardized: vegetables first, followed by the main dish,
and carbohydrates last. Blood glucose and insulin concentrations were measured at 0, 40,
80, 120, and 180 min on two separate days. Postprandial blood glucose and insulin levels
at 40 min, as well as the incremental area under the curve (IAUC) at 40 min for glucose
and the IAUC at both 40 and 80 min for insulin, were significantly lower for the full-course
meal manner compared to the fast eating manner, due to delayed consumption of the
carbohydrate dish in the former condition at these time points. To continuously monitor
postprandial blood glucose responses over a 24 h period, Experiment 2 was conducted using
an intermittent continuous glucose monitoring system (isCGM). Eighteen participants wore
isCGM devices and consumed the same test meals under the two different eating conditions
as in Experiment 1. The mean amplitude of glycemic excursions (MAGE; p < 0.05) and
IAUC for glucose were significantly lower for the full-course meal manner compared to
the fast eating manner. These findings suggest that consuming meals in a full-course meal
manner, with intervals between courses, is associated with a reduced MAGE in young
healthy women.

Keywords: glycemic excursion; full-course meal; insulin; continuous glucose monitoring
system; vegetables; carbohydrate
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1. Introduction

Medical nutrition therapy is the keystone of managing type 2 diabetes (T2DM) and
preventing its onset [1-3]. Nutritional recommendations have been delivered by several
scientific societies to support clinicians and dietitians in their choice of the most suitable
medical nutrition therapy for individuals with T2DM [4-6]; however, adherence to these
recommendations in clinical practice is generally poor [7,8]. In many cases, these nutritional
recommendations are based on macro- and micronutrients, which often prevent patients’
understanding and adherence in real life. In the last decade, human nutrition science has
shifted to focus not only on “which nutrients to take” or “how much to eat”, but also on to
“how to eat”, considering aspects such as food order [9-11], eating speed [12], mealtime [13],
and intermittent fasting [14].

The Mediterranean diet is considered to be one of the healthiest dietary patterns [15],
and is effective in improving both glycemic control and cardiovascular risk in people with
T2DM. The characteristics of the Mediterranean diet represent a dietary pattern rich in
vegetables, fruits, nuts, wholegrains, and seafood, in addition to highlighting food-related
cultural and social activities. These activities help to establish a lifestyle that encourages
enjoying cooking and taking a long time to eat with other people [16]. Particularly in the
Mediterranean region, people traditionally enjoy full-course meals, consuming one dish at
a time, with intervals between courses, over several hours. In contrast, Japanese people
are known for eating quickly within a limited timeframe, often without commensality.
However, they occasionally share meals with family and friends in a full-course meal
manner over extended periods. Many studies have shown that eating in a short period of
time increases the risk of diabetes [17], obesity [18,19], cardiovascular diseases [20], and
metabolic syndrome [21]. We have previously reported that eating in a short period of
time demonstrated significantly higher glycemic and insulin responses [12]. Moreover, our
previous study demonstrated no significant differences in glycemic and insulin responses
between eating meals in 10 min and eating meals in 20 min when following a food order
of consuming vegetables first, followed by the main dish, and carbohydrates last [22].
While various studies have investigated the effects of different eating speeds or times
required for meal and food orders [3,9-12,17-22], the impact of consuming a full-course
meal, with extended intervals between dishes, on blood glucose and insulin responses
remains unknown. This study aimed to evaluate the impact of consuming a meal in a
full-course meal manner over one hour, with intervals between courses, on glycemic and
insulin responses in young healthy women, using a randomized controlled crossover trial.

2. Materials and Methods

2.1. Experiment
2.1.1. Subjects of Experiment 1 and 2

Students from Kyoto Women’s University voluntarily participated in Experiments 1
and 2. Prior to their involvement, all participants received a detailed explanation of the
study’s objectives, procedures, and potential risks. The exclusion criteria for participants
were as follows: (1) individuals with type 1 or type 2 diabetes, (2) those taking medications
that affect blood glucose levels, and (3) pregnant women. Participants provided written
informed consent before enrollment in the study. This study employed an open-label,
within-subject, randomized crossover design, and was conducted from September 2023 to
July 2024. Participants who failed to adhere to the study protocol were excluded. The study
protocol was developed in accordance with the ethical principles outlined in the Declaration
of Helsinki, and received approval from the Clinical Research Review Committee of Kyoto
Women'’s University (Approval Nos. 2023-28 and 2023-39).
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2.1.2. Study Design of Experiment 1

On the study days, participants arrived at Kyoto Women’s University at 8:20 AM,
following a 12 h overnight fast. At 9:00 AM, they consumed a test meal identical to
the dinner provided in Experiment 2 (Table 1). In both conditions, the food order was
standardized: vegetables first, followed by the main dish, and carbohydrates last (Figure 1).
In the full-course meal manner condition, with intervals between courses, the meal was
consumed over a total duration of 60 min, beginning with a vegetable dish consumed
for 10 min, followed by a 15 min interval. The second dish, consisting of protein, was
then consumed for 10 min, followed by another 15 min interval. Finally, the third dish,
consisting of carbohydrates, was consumed for 10 min. In contrast, in the fast eating
manner, participants consumed an identical meal in a total of 10 min, following the same
food order. The test meals were served by the research group at Kyoto Women’s University.
The nurse collected blood samples from all participants at 0 (baseline), 40, 80, 120, and
180 min after the initiation of test meal consumption, to assess blood glucose and insulin
concentrations. Each participant completed both eating conditions on separate days, one
week apart, as part of the randomized controlled crossover trial. These parameters were
then compared within participants across the two study days. The satiety and satisfaction
of the test meals was measured by using visual analog scales (VASs) after consumption [23].
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Figure 1. The study protocol of Experiment 1. A full description can be found in the Study Design
of Experiment 1. Blood samples were drawn at 0, 40, 80, 120, and 180 min, and blood glucose and
insulin concentrations were examined.

2.1.3. Study Design of Experiment 2

To continuously monitor postprandial blood glucose responses over a 24 h period, we
conducted a subsequent experiment utilizing an intermittent continuous glucose monitor-
ing system (isCGM, FreeStye, Libre Pro, Abbott Japan, LLC. Tokyo, Japan). All participants
self-applied isCGM devices to the back of their left upper arm, under the supervision of
researchers at Kyoto Women’s University. In this randomized controlled crossover clinical
trial, participants consumed the same test meals (Table 1) at 07:00 for breakfast, 12:00 for
lunch, and 18:00 for dinner on the fourth and fifth study days, with the same meals being
consumed in the two different eating manners defined as Experiment 1; in the fast eating
manner for 10 min, and in the full-course meal manner for 60 min (Figure 2).
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Figure 2. The study protocol of Experiment 2. A full description can be found in the Study Design of
Experiment 2.

The composition and macronutrient content of the test meals are presented in Table 1.
The main dishes for lunch and dinner were provided as frozen meal boxes by the research
group (Tokatsu Foods, Co., Ltd. Yokohama, Japan), whereas the bread, white rice, tomato,
and spinach were prepared by the participants according to the study protocol. The
frozen meal boxes were stored in the freezer until consumption, and participants precisely
measured 200 g of boiled white rice for lunch and dinner and 90 g of white bread for
breakfast, and then heated it in a microwave before eating.

Table 1. The composition and macronutrient content of the test meals.

Energy Protein Fat Carbohydrate Dietary Fiber Salt

(kcal) (g (g) (g) (g) (g)
Breakfast 494 25.5 17.9 70.0 7.9 1.5
Lunch 559 24.4 6.4 105.9 7.4 32
Dinner 685 26.5 16.9 111.7 6.5 3.2
Total 1738 76.4 41.2 287.6 21.8 7.9

The macronutrient content of the test meals was calculated by computer software (Microsoft Excel Eiyokun for
Window Ver.7.0, Kenpakusya, Tokyo, Japan).

Participants were instructed to refrain from consuming any food or beverages other
than the test meals, with the exception of water and unsweetened tea, and to avoid excessive
physical activity throughout the study period. They were required to strictly adhere to
the study protocol, such as recording their mealtimes, eating manners, and carbohydrate
intake. On the sixth day, participants removed their isCGM devices under the guidance of
the research group at Kyoto Women'’s University. Glycemic parameters from the two study
days, during which participants consumed the same test meals in different eating manners,
were compared.

2.2. Measurements

Before the study commenced, anthropometric measurements and blood samples were
obtained from participants in the morning, following an overnight fast. In Experiment 1,
all collected blood samples were sent to a clinical testing laboratory (Nihon Rinsho, Inc.,
Kyoto, Japan), where plasma glucose concentrations were analyzed using the HK-G6PDH
method (Kanto Chemical Co., Inc., Tokyo, Japan). Hemoglobin Alc (HbAlc) levels were
measured using the NGSP method (Kyowa Medix Co., Inc., Tokyo, Japan), while serum
insulin concentrations were determined by the CLEIA method (Fujirebio Co., Inc., Tokyo,
Japan). The incremental area under the curve (IAUC) for glucose and insulin was computed
using the trapezoidal method in Experiment 1 [24]. Glycemic and insulin variability was
evaluated based on several parameters, including the standard deviation (SD) and glucose
peak (GP). In Experiment 2, continuous glucose monitoring data were collected via isCGM,
and subsequently analyzed. Several glycemic variability indices, including the IAUC,
GP, SD, maximum blood glucose (MAX), large amplitude of glycemic excursions (LAGE),
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mean amplitude of glycemic excursions (MAGE), and coefficient of variation (%CV), were
assessed in Experiment 2 [25].

2.3. Sample Size and Statistical Analysis

A sample size of 15 participants provided 95% power to detect a 5% difference in
postprandial glucose concentrations, based on a previous study investigating different
food sequences in healthy women (G*Power 3.1, Heinrich-Heine-Universitidt Diisseldorf,
Germany) [11]. In Experiment 1, the primary outcome was the postprandial glucose
concentration, and the secondary outcome was the postprandial insulin concentration.
In Experiment 2, the primary outcome was the MAGE, while the secondary outcomes
were postprandial glucose concentration and the IAUC for glucose. Statistical analyses
were performed using paired t-tests or ¢-tests, with a significance level set at p < 0.05. The
results are expressed as the mean =+ the standard error of the mean (SEM), unless otherwise
specified. All statistical analyses were conducted using SPSS Statistics version 26 (IBM
Corp., Armonk, NY, USA).

3. Results
3.1. Results of Experiment 1

Seventeen participants were initially enrolled in Experiment 1, and fifteen partic-
ipants completed the study (age: 21.2 4 0.9 years, BMI: 20.2 + 2.2 kg/m?, HbAlc:
5.2 £ 0.2%, fasting plasma glucose [FPG]: 85.4 + 5.0 mg/dL; mean & SD); two partic-
ipants withdrew due to COVID-19 infection. Postprandial blood glucose and insulin
levels at 40 min (88.6 £+ 2.4 vs. 100.8 + 5.6 mg/dL, p < 0.05 for glucose, and 21.4 £ 2.3
vs. 52.1 £ 5.8 ulU/mL, p < 0.001 for insulin; Figure 3A,B), as well as the IAUC at 40 min
for glucose (143.6 +42.7 vs. 601.5 & 175.6 mg/dL, p < 0.05; Figure 3C) and the IAUC
at both 40 min (316.2 & 35.2 vs. 943.1 4 110.3 ulU/mL, p < 0.001) and 80 min for insulin
(1452.8 +171.5 vs. 2320.5 = 265.1 ulU/mL, p < 0.01), were significantly lower for the full-
course meal manner compared to the fast eating manner, due to delayed consumption of
the carbohydrate dish in the former condition at these time points (Figure 3D). However, at
later time points, postprandial blood glucose and insulin concentrations were significantly
higher for the full-course meal manner than the fast eating manner. At 80 min, glucose
(97.8 £3.3vs. 79.7 £ 4.2 mg/dL, p <0.01) and insulin (46.6 £ 6.9 vs. 26.7 + 3.3 uIU/mL,
p < 0.01) levels were elevated (Figure 3A,B). Similarly, at 180 min, glucose (102.1 £ 4.8 vs.
88.4 + 4.6 mg/dL, p < 0.05) and insulin concentrations (44.6 = 4.6 vs. 28.1 £ 2.0 uIU/mL,
p < 0.01) remained significantly higher for the full-course meal manner (Figure 3A,B).
Although the VAS for satiety showed no significant difference between the two eating
manners, the satisfaction level was significantly higher for the full-course meal manner
compared to the fast eating manner (67.2 £ 10.9 vs. 55.0 & 10.0 mm, mean + SD, p < 0.01).
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Figure 3. The postprandial blood glucose (A), insulin (B), IAUC for glucose (C), and IAUC for insulin
(D) in young healthy women (1 = 15) for the full-course meal manner and fast eating manner in
Experiment 1. The data are the mean + SEM. Full-course meal manner vs. fast eating manner;
p <0.05% p <0.01**, p <0.001 ** by a paired ¢-test.

3.2. Results of Experiment 2

Twenty-two participants were initially enrolled in Experiment 2. Four participants
were excluded from the final analysis due to COVID-19 infection (1 = 2) or malfunction of
the isCGM device (n = 2). As a result, data from eighteen participants were included in
the final analysis (age: 21.5 £ 0.6 years, BMI: 20.3 £ 2.3 kg/mZ, HbAlc: 5.2 £+ 0.2%, FPG:
94.6 £ 12.3 mg/dL; mean =+ SD). The mean blood glucose profiles in the young, healthy
women under the two different eating manners were analyzed (Figure 4). Key parameters,
including the SD, MAGE, MAX, LAGE, %CV, GP during lunch and dinner, and IAUC for
glucose at 30, 60, 120, and 180 min, were all significantly lower for the full-course meal
manner compared to the fast eating manner (Table 2). Despite the significant reduction in
glycemic variability and related parameters, no significant differences were observed in the
mean blood glucose and the 24 h IAUC between the two eating manners.

150 .
Breakfast Lunch Dinner

140 || | &

130 : -

120

110

100
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Figure 4. The mean plasma glucose profiles of the young healthy women (n = 18) under the fast
eating manner and the full-course meal manner in Experiment 2. Each participant consumed the
same meals in the fast eating manner (10 min) or the full-course meal manner (60 min) on the fourth
and the fifth day in a randomized crossover study. Solid green line: full-course meal manner; red
dotted line: fast eating manner.
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Table 2. The glycemic parameters of the young healthy women under the full-course meal manner
and fast eating manner in Experiment 2, using an isCGM (n = 18).

Full-Course Meal Manner Fast Eating Manner

(60 min) (10 min)
MBG (mg/dL) 100.8 4 2.4 102.0 +-2.2
SD (mg/dL) 15.6 4 0.9 *** 184 +1.2
MAGE (mg/dL) 450 +£26* 52.3 +3.8
MAX (mg/dL) 143.2 4 3.7 #*+t 159.1 + 4.7
LAGE (mg/dL) 64.7 4 3.4 #tt 82.7 £5.3
%CV (%) 15.7 4+ 1.1 *** 182 +14
Breakfast GP (mg/dL) 113.1+ 3.8 1204 + 3.3
Lunch GP (mg/dL) 138.6 + 3.9 **+t 154.0 + 4.9
Dinner GP (mg/dL) 135.4 + 3.6+t 1489 + 4.8
Breakfast IAUC 30 min (mg/dL x min) 139 4 17 =#=tt 288 + 38
TAUC 60 min (mg/dL x min) 421 + 62 #xxttt 956 + 120
TAUC 120 min (mg/dL x min) 1108 + 171 #*+tt 1778 + 159
TAUC 180 min (mg/dL x min) 1875 =+ 247 **t 2672 4 246
Lunch TAUC 30 min (mg/dL x min) 131 £ 19 =ttt 557 4 73
TAUC 60 min (mg/dL x min) 484 + 68 wxttt 1796 + 213
TAUC 120 min (mg/dL x min) 2005 = 274 *+t 3190 =+ 365
TAUC 180 min (mg/dL x min) 3548 4 392 * 4643 + 451
Dinner IAUC 30 min (mg/dL x min) 164 = 25 =ttt 463 £ 63
TAUC 60 min (mg/dL x min) 489 + 84 wxttt 1429 + 201
TAUC 120 min (mg/dL x min) 1683 + 327 * 2609 + 425
TAUC 180 min (mg/dL x min) 3040 =+ 509 * 4050 + 528
24 h TAUC (mg/dL x min) 14823 + 341 15,987 + 294

The data are the mean + SEM. MBG: mean blood glucose; SD: standard deviation for glucose; MAGE: mean
amplitude of glycemic excursion; MAX: maximum blood glucose; LAGE: large amplitude of glycemic excursion;
%CV: coefficient of variation; GP: glucose peak; IAUC: incremental area under the curve for glucose. Full-course
meal manner vs. fast eating manner; p < 0.05*, p < 0.01 **, p <0.001 *** by a paired t-test. Full-course meal manner
vs. fast eating manner; p < 0.05 t p<0.01 1 p <0.001 Tt by a t-test.

4. Discussion

In Experiment 1, the postprandial blood glucose and insulin levels at 40 min, as well
as the IAUC at 40 min for glucose and the IAUC at both 40 and 80 min for insulin, were
significantly lower for the full-course meal manner compared to the fast eating manner.
This difference was due to the delayed consumption of the carbohydrate dish in the full-
course meal manner at these time points. Thus, the design of Experiment 1 did not allow
for an assessment of the prolonged effects of consuming meals in a certain manner, nor did
it facilitate continuous monitoring of postprandial glucose excursions over an extended
period, thereby limiting its ability to capture long-term glycemic variations.

To address this limitation, Experiment 2 was conducted using an isCGM to track blood
glucose fluctuations over a 24 h period. The results demonstrated that glycemic parameters,
including the SD, MAGE, MAX, LAGE, %CV, and IAUC for glucose at 30, 60, 120, and
180 min, were all significantly lower for the full-course meal manner compared to the
fast eating manner. Conversely, no significant differences were observed in mean blood
glucose levels or the 24 h IAUC between the two eating manners. This finding is consistent
with previous studies investigating the effects of different eating speeds or food orders,
likely because the participants consumed the same test meals on both study days [11,12,22].
Notably, in Experiment 1, the improved postprandial glucose and insulin levels observed at
40 and 80 min, and in Experiment 2, the reductions in the IAUC for glucose at 30 and 60 min,
are clearly attributable to the delayed or incomplete consumption of carbohydrates at those
time points. However, the results findings in Experiment 2 underscore the importance of
promoting a full-course meal approach, in which each dish is served sequentially, with
intervals between courses.
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Numerous epidemiological studies have revealed that eating in a short period of
time shows a positive correlation with increments in body weight [18,19], blood glucose,
insulin resistance [26], the risk of T2DM [17], cardiovascular diseases [20], and metabolic
syndrome [21]. We previously reported that eating meals in 10 min was associated with
higher glycemic and insulin responses than eating meals in 20 min [12]. However, previous
research showed that if a meal was consumed with the food order of vegetables first and
carbohydrates last, amelioration could be achieved in postprandial blood glucose and
insulin concentrations, even if the meal was consumed in 10 min [22].

One possible explanation for the improvement in glycemic and insulin parameters
observed for the full-course meal manner is the dietary fiber contained in the vegetables
consumed first, which slows the digestion and absorption of carbohydrates [27]. Some
researchers suggest that individuals who eat quickly tend to consume meals in a short
period and are more likely to choose ultra-processed foods, which are low in dietary
fiber and require minimal chewing, rather than fiber-rich foods that necessitate thorough
mastication [28]. These studies indicate that eating manner and chewing frequency may
influence insulin, glucagon-like peptide-1 (GLP-1), and satiety-related hormones [29-31].
Thus, different eating manners may be associated with meal satisfaction related to GLP-1
and satiety hormones that delay gastric emptying rate and regulate appetite and satiety.
Additionally, the effectiveness of the full-course meal manner observed in this study can
be explained by the small portions and intervals of the meal taken during one hour of
mealtime. Because the amount of nutrients in each bite when eating over a long period
of time was smaller than that when eating fast, the concentration of early postprandial
glucose and insulin was reduced, while GLP-1 and glucose-dependent insulinotropic
polypeptide (GIP) might have been induced intermittently in the one-hour mealtime, as we
have reported in the paper [13,32].

A key strength of this study lies in its design as the first randomized controlled
crossover interventional trial to demonstrate the amelioration of the MAGE through the
consumption of a meal in a full-course meal manner, over one hour. This eating pattern
effectively replicates the traditional full-course meal approach, in which dishes are served
sequentially over an extended period. The observed reductions in glycemic responses
may be beneficial for individuals both with and without T2DM, as higher MAGE levels
have been associated with an increased risk of T2DM, arteriosclerosis, cardiovascular
diseases [33], and dementia [34], even before the onset of T2DM [35]. Therefore, reducing
MAGE may contribute to lowering the risk of developing impaired glucose tolerance,
T2DM, and cardiovascular diseases in the long term [36-39].

Furthermore, the delayed consumption of the carbohydrate dish, which resulted in
reduced early postprandial insulin secretion, may be particularly beneficial for East Asian
populations, including Japanese individuals. This is because early-phase and total insulin
secretion in East Asians is significantly lower than in Caucasians [40]. The suppression of
excessive insulin may help to maintain the function of {3 cells in the pancreas, consequently
helping to lower the risk of T2DM [41]. Insulin modulates vascular function through its
effects on vasoreactivity, lipid metabolism, and inflammation, and through these multiple
pathways, insulin dysregulation could contribute to neurodegeneration [42]. Because
insulin plays a critical role in proteostasis, it has been reported to influence the clearance
of amyloid 3 peptides and the phosphorylation of tau, both of which are hallmarks of
Alzheimer’s disease [42]. Additionally, hyperinsulinemia is a key etiological factor in the
development of metabolic syndrome, type 2 diabetes mellitus (T2DM), cardiovascular
disease, and cancer [43].

One of the key characteristics of traditional Japanese cuisine (Washoku), recognized
as an Intangible Cultural Heritage by UNESCO, is its emphasis on home-cooked meals
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and the practice of spending extended periods enjoying food with others [44]. However,
traditional dietary patterns have increasingly shifted toward Western-style eating habits,
which prioritize fast food and ultra-processed products over the enjoyment and sharing
of home-cooked meals. Modern lifestyles and globalization have further contributed
to changes in eating behaviors, resulting in meals being consumed quickly and with
diminished social interaction in many countries, including Japan. Meal satisfaction is not
solely determined by portion size or caloric intake [45]; instead, the act of taking time
to eat and sharing food and beverages with others are critical components. In contrast,
consuming fast food in a short period of time, with limited social engagement, is often
associated with reduced meal satisfaction [46,47]. Our findings underscore the importance
of not only the composition of macro- and micronutrients, but also different eating manners,
in maintaining optimal metabolic responses. Occasionally taking the time to enjoy each
dish individually, with friends and family, can be considered a factor that enriches life. In
the present study, the specific effects of food order on glycemic response were not directly
evaluated, as numerous studies have already demonstrated that consuming vegetables
first and carbohydrates last plays a significant role in mitigating glycemic and insulin
excursions [9,11,12,22]. However, it is important to emphasize that food order—consuming
vegetables first and carbohydrates last—is a crucial factor. Even when eating in a full-
course meal manner, consuming carbohydrates first elevates postprandial glucose and
insulin responses, thereby diminishing the beneficial effects of eating over a long period of
time [11,12,22].

Several limitations of the present study should be acknowledged. First, this study
was designed as an acute interventional trial to examine the effects of consuming a meal
in a full-course meal manner, replicating the prolonged mealtimes characteristic of social
gatherings, such as parties or banquets. However, the study protocol did not include the
consumption of alcohol, which is typically present during parties or banquets, nor did it
incorporate social interactions, such as conversations with others. As a result, the findings
may not fully capture the metabolic responses associated with these additional factors,
limiting the generalizability of the results. Second, the study population consisted of small
number of young, healthy Japanese women; therefore, it is uncertain whether these results
are applicable to individuals with T2DM, different genders, elderly people, or other racial
groups. Third, GLP-1 and other incretin hormones may play a role in the regulation of
blood glucose and insulin levels, as well as in delaying gastric emptying, in individuals
both with and without T2DM, when meals are consumed one dish at a time, with intervals
between courses. However, GLP-1, GIP, and gastric emptying rate were not investigated in
this study; the role of incretin hormones when eating in a full-course meal manner remains
unclear. Therefore, future investigations, particularly large-scale clinical studies, are worth
conducting to confirm the overall mechanisms and effectiveness of eating in a full-course
meal manner regarding glycemic and hormone responses in individuals with and without
T2DM.

5. Conclusions

Our findings indicate that consuming meals in a full-course meal manner for one hour,
with intervals between courses, improves the MAGE in young healthy women. However,
future studies, particularly large-scale clinical trials, are warranted to further elucidate
the underlying mechanisms and evaluate the efficacy of consuming meals in a full-course
meal manner regarding glycemic and hormonal responses in individuals with and without
T2DM.
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