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Abstract

A new pea-derived plant-based milk (pea milk) drink has been developed, and its nutritional function is being explored. Pre-
vious study reported that consuming vegetable juice 30 minutes before a meal suppresses postprandial glucose increases,
but no reports on plant-based milk have been published. We therefore hypothesized that consuming pea milk before a meal
would have a similar effect. In addition, as dinner is associated with an increased glucose level compared to breakfast, we in-
vestigated the effect of consuming pea milk before dinner in terms of suppressing the subsequent increase in glucose levels.
This study was an open-label randomized crossover study with five trials set up; pea milk 0, 15, 30, or 60 minutes before a
meal and water as a control. Twenty-three healthy adult male and female participants were analyzed for this study. All parti-
cipants wore a continuous glucose monitoring device, and they consumed pea milk or water before dinner served at 19:00.

We analyzed the time course of the glucose levels, maximum glucose levels, and total area under the curve (total AUC).

Compared with no intake, pea milk consumed 60 min before dinner significantly attenuated postprandial glucose levels
from 20:00 to 21:00. Pea milk consumed 15 min before dinner also reduced glucose levels at 20:00 and 20:15. Compared
with no intake, pea milk consumption 30 and 15 min before dinner significantly reduced maximum postprandial glucose

levels. Furthermore, total AUC was significantly lower in the 15-min pre-dinner intake group. The suppression of glucose

©2026 The Authors. Published by the JScholar under the terms of the Crea-tive Com-
mons Attribution License http://creativecommons.org/licenses/by/3.0/, which per-

mits unrestricted use, provided the original author and source are credited.
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quires further research.

levels was observed in males but not in females, suggesting that gender differences should be taken into account when con-
ducting studies on blood glucose levels. Although the mechanism of action is unknown, it is suggested that taking pea milk

before dinner may suppress the subsequent glucose increase.

Although 24 participants were recruited, only 23 were analyzed due to one exclusion. Sex-specific subgroup analyses were

based on small samples (12 men and 11 women); therefore, the findings should be interpreted cautiously. This pilot study re-
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Introduction

In recent years, the market for plant-based milk
has been expanding in Japan, following trends in the EU
and the USA [1]. It has been reported that this increase in
plant-based milk consumption is also related to sustainabili-
ty and animal welfare considerations through decreasing
the use of animal milk [2, 3]. Pulses are considered the most
important raw material for plant-based milk analogues due
to their high protein and nutritional value [4]. The most
popular and commercially available plant-based milk substi-
tute is soy milk [5]. Soybeans are one of the richest sources
of protein among legumes, but soy allergies limit the intake
of soy products [6]. Pea is gaining attention as it is becom-
ing a promising alternative to soy in the production of plan-
t-based milk analogues due to its hypoallergenicity, wide-
spread availability and high nutritional value [7]. Milk
made from yellow peas (pea milk) is one of the plant-based
milks available on the market. Although there are several re-
ports on its physical properties and odor, there have been al-
most no studies on its physiological function [4, 8, 9, 10].
As the simultaneous intake of pea protein and sugar sup-
presses blood glucose levels [11], yellow peas may help to at-
tenuate sugar-induced high blood glucose levels. We have
now developed a new pea milk in Japan and are exploring

its effect on glucose levels.

When a blood glucose increase is maintained, in-
sulin release is also maintained; such excessive insulin re-
lease results in the conversion of glucose to fat, leading to
obesity [12]. Postprandial hyperglycemia and glucose
spikes, which are rapid increases in postprandial blood glu-
cose levels, even when fasting blood glucose levels are nor-

mal, are now known to be a risk factor for vascular disease
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[13, 14]. In addition, preventing sudden increases in blood
glucose levels improves the prognosis of vascular diseases
[15]. Thus, reducing the time for which the peak blood glu-
cose level is maintained is important for glucose level man-
agement. Prolonged fasting is known to cause a sudden in-
crease in blood glucose levels [16]; therefore, we should be
careful about the glucose level when dinner time is delayed.
Previous studies have shown that eating a snack between
lunch and dinner can slow down the increase in blood glu-
cose levels after dinner, as compared to not eating a snack,
and this is known as the second meal effect [17]. The glu-
cose level after dinner is significantly higher than that after
breakfast, even when identical meals are consumed for
breakfast and dinner [18]. Thus, in general, we should take
care in managing glucose levels at dinner time. The second
meal effect is a concept that was proposed by Jenkins et al.
in 1982 [19]. The idea is that the first meal affects the post-
prandial blood glucose levels that occur after the second
meal [20]. In recent years, research has been reported on
the application of this second meal effect to beverages, show-
ing that consuming vegetable juice suppresses subsequent
increases in blood glucose levels [21]. In other words, drink-
ing a beverage before a meal may be beneficial for con-

trolling blood glucose levels.

It has been reported that males have higher fasting
plasma glucose levels and a higher prevalence of subsequent
glucose metabolism disorders than females [22, 23, 24, 25].
On the other hand, it has been reported that females often
show higher blood glucose levels in the 75 g oral glucose tol-
erance test (OGTT) because of the differences in body size
between males and females [22, 23, 25, 26]. It has also been
reported that females have different blood glucose control

during the follicular and luteal phases by sex hormones
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[27].

Therefore, in this study, we conducted an experi-
ment based on the hypothesis that the newly developed pea
milk may be able to suppress the subsequent increase in
blood glucose levels if consumed before dinner. We also

conducted a subgroup analysis focusing on gender.

Materials and Methods
Study Procedures

The subjects were recruited by Calbee, Inc., and
were (1) healthy individuals aged 18 years or older who (2)
provided written consent to participate in the study. Howev-
er, the following individuals were excluded from the study:
(1) individuals with allergies to the foods used in the study;
(2) individuals with metabolic syndrome such as fasting
high blood glucose levels (>110 mg/dl) and/or high body
mass index (BMI) (>30 kg/m2), and/or medication of anti-
hypertensive drugs; (3) individuals with severe liver disease,
kidney disease, heart disease, lung disease, mental illness, or
blood disease; (4) pregnant females or females who wish to
become pregnant or breastfeeding females; and (5) individu-
als whom the principal investigator deemed inappropriate

to participate in the study.

G*Power was used to determine the sample size.
The effect size was calculated using one-way repeated ANO-
VA with an effect size of 0.4, alpha error of 0.05, and beta er-
ror of 0.8, the required sample size was calculated to be 24
participants. Based on this calculation, we recruited 24 sub-
jects. The crossover trials were set up; one trial group drank
water, and the other four trial groups drank pea milk. The
control water group (also called the None group) drank wa-
ter 0 minutes before dinner at 19:00; the pea milk groups
drank the milk 60 minutes before at 18:00 (-60 min group),
30 minutes before at 18:30 (-30 min group), 15 minutes be-
fore at 18:45 (-15 min group), or immediately before at
19:00 (-0 min group) dinner. To eliminate bias due to the or-
der of the test foods, five test groups were set up and 24 sub-
jects were randomly assigned to consume the test foods in

different orders (Figure 1). The subjects took lunch at
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12:00-13:00 and drank water or pea milk between 18:00 and
19:00, with a prescribed dinner at 19:00. On the first day of
the study, subjects were fitted with a continuous glucose
monitoring (CGM) device (Freestyle Libre Pro, Abbott Ja-
pan LLC, Tokyo, Japan). After the CGM device was ins-
talled, an observation period of at least one day was set to
stabilize the blood glucose monitoring [28]. The permitted
meals were breakfast, lunch, and the prescribed dinner, and
participants were permitted to drink water only from wake-
up until 22:00; no other foods or drinks except for the exper-
imental water and pea milk were permitted from lunch un-
til the following morning. The washout period in this study

is set to one day.

The information on the test foods in this study is
as follows. Pea milk was purchased from Calbee Inc.'s e--
commerce website. The water used is natural water from
Suntory Ltd. The pea milk was a 200 mL drink containing
6.6 g pea protein, 4.7 g sugar (starch syrup and sucrose),
and 4.6 g vegetable oil (Table S1). For dinner each of the
five days, rice (Sato Foods Co., Ltd., Niigata, Japan), a main
dish (hamburger steak set meal, Nichirei, Tokyo, Japan),
and miso soup (Marukome, Tokyo, Japan) were prepared
(Supplemental Table S1) as same contents, energy 602 kcal,
protein 20.8 g, fat 14.7 g, carbohydrate 96.4 g.

This study was registered in the University Hospi-
tal Medical Information Network Clinical Trial Registry Sys-
tem (UMIN-CRT) (registration number: UMIN000054832)
and was conducted in accordance with the Declaration of
Helsinki and with respect to the human rights of the sub-
jects. It was approved by the Aikoku Gakuen Junior College
Ethics Committee (approval number: 2022-02). The sub-
jects were given a verbal explanation of the outline, pur-
pose, and contents of the survey and the protection of their
personal information, and their written consent was ob-
tained. At that time, it was explained to the subjects that all
data obtained would be coded and individuals would not be
identified, that the data would be analyzed collectively, that
they would not be used for purposes other than research,
that there would be no disadvantage for the subjects, and

that participation in the study was voluntary.
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Table 1: Subjects Information

Number Age (years) BMI (kg/m”)
Total analysis All subjects 40.8+9.9 222+27
Subgroup analysis Males 38.1+9.2 23.3+3.0
Females 425+11.2 214+22

Values are the means * standard deviations. BMI, body mass index.

Table S1: Nutrition Information

Pea milk Dinner
Energy (kcal) 82.0 602
Protein (g) 6.6 20.8
Fat (g) 4.0 14.7
Carbohydrate (g) 4.4 96.4
Total dietary fiber (g) 0.4 6.5
Rice, hamburger steak with demi-glace sauce, sauteed onions, omelet with
Contents Peamilk | tomato sauce, mashed potatoes, sauteed spinach and corn, broccoli, miso
soup.

Glucose Levels Measurement

The participants' glucose levels were monitored us-
ing the FreeStyle Libre Pro, a sensor that measures intersti-
tial glucose levels every 15 minutes for 14 consecutive days.
Blood glucose levels and interstitial glucose levels have been
reported to correlate well [29]. The Freestyle Libre sensor is
accurate in measuring glucose levels when compared to glu-
cose levels measured by capillary self-monitoring of blood
glucose testing and laboratory-obtained serum glucose in pa-
tients on HD [30]. Flash glucose monitoring using the
Freestyle Libre can be a feasible alternative to reflect post-
prandial glycaemia (AUCs) in healthy adults [31]. It can be
said that blood glucose assessment using Freestyle Libre has
a certain degree of reliability. After the study was complet-
ed, the glucose sensors were collected, and the data were
read using a dedicated device. The glucose levels were moni-
tored and analyzed every 15 minutes from 60 minutes be-
fore (18:00) to 150 minutes after dinner (21:30). Analyses

were performed on three parameters: (1) the glucose levels
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every 15 minutes until 18:00 to 21:30 pea milk, (2) the maxi-
mum glucose levels until 18:00 to 21:30, and (3) the total
area under the curve (total AUC) until 18:00 to 21:30. The
total AUC was calculated using the trapezoidal method. The
primary objective of this study is to monitor real-time glu-

cose dynamics using a CGM system.
Statistical Analysis

We used the Anderson-Darling test to check
whether the data obtained followed a normal distribution,
and then decided whether to conduct parametric or non-
parametric tests. A two-way repeated analysis of variance
was used to analyze the random glucose levels over time,
and Dunnett’s test was used for multiple comparisons.
Friedman ranks were used to analyze the maximum glucose
levels and total AUC, and Dunn’s test was used for multiple
comparisons. GraphPad Prism ver.8.4.3 was used as the sta-
tistical software for analysis; a significance trend was set at p

< 0.10, with significance at p < 0.05.
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Results
Glucose Levels Fluctuation Analysis

Twenty-four participants were randomly assigned
to five groups (Group A-E) and participated in five
crossover trials in which they consumed either water or pea
milk drinks at different timepoints (Figure 1). All 24 sub-
jects completed the study, but 1 subject was excluded from
the analysis due to a CGM measurement error; therefore,

the following analysis was performed on 23 subjects.

In the analysis of glucose levels, postprandial glu-
cose increase after dinner following pea milk intake was low-
er in the -60 min group at 20:00, 20:15, 20:30, 20:45, and
21:00 compared to the None group (Figure 2A, Supplemen-
tal Table S2, 20:00; 156.6 + 32.7 mg/dL, p<0.05, 20:15; 142.5
+ 34.7 mg/dL, p<0.01, 20:30; 130.9 + 30.1 mg/dL, p<0.01,
20:45; 122.7 + 23.0 mg/dL, p<0.01, 21:00; 117.6 + 19.1
mg/dL, p<0.05). On the other hand, the glucose levels of pea
milk intake in the -60 min group were higher at 18:15, 18:30
and 18:45 before dinner (18:15; 92.2 + 8.1 mg/dL, p<0.05,

18:30; 96.5 = 7.3 mg/dL, p<0.01, 18:45; 93.7 + 7.4 mg/dL,
p<0.01). In the -30 min group, the glucose level was higher
at 18:45 before dinner and 19:00, 19:15 after dinner com-
pared to the None group (18:45; 91.2 + 9.2 mg/dL, p<0.05,
19:00; 100.8 = 10.9 mg/dL, p<0.01, 19:15; 116.7 + 16.2
mg/dL, p<0.05). In the -15 min group, the glucose level was
lower at 20:00 and 20:15 after dinner compared to the None
group (20:00; 147.6 + 36.7 mg/dL, p<0.01, 20:15; 143.0 +
37.0 mg/dL, p<0.05). On the other hand, the glucose levels
of pea milk intake in the -15 min group were higher at 19:00
and 19:15 after dinner (19:00; 93.7 £ 9.5 mg/dL, p<0.05,
19:15; 115.0+ 14.3 mg/dL, p<0.01). In the analysis of the
maximum glucose levels, the -30 min and -15 min groups
showed lower values compared to the None group (Figure
2B, Supplemental Table S3, None; 179.4 + 32.7 mg/dL, -30
min group; 164.0 + 28.2 mg/dL, p<0.05, -15 min group;
160.1 + 30.4 mg/dL, p<0.01). In the analysis of the total
AUC, the -15 min group showed a decrease when com-
pared to the None group (Figure 2C, Supplemental Table
S3, None; 26393 * 3328 mg*min/dL, -15 min group; 24903
+ 3296 mg*min/dL, p<0.05).

| Assessed for eligibility (n=24) |

'

Excluded (n=0)

Randomized (n=24)

L]

v

]

|
!

¥

Allocated to Group A (n=5)

Peamilk

¢ 60min before meal (Day 1)
30min before meal (Day 2)
15min before meal (Day 3)
Just before meal (Day 4)
No peamilk (Day5)

Allocated to Group B (n=5)

Peamilk
*  30min before meal (Day 1)
15min before meal (Day 2)
Just before meal (Day 3)
No peamilk (Day 4)
60min before meal (Day 5)

Allocated to Group C (n=5)

Peamilk
¢ 15min before meal (Day 1)
Just before meal (Day 2)
No peamilk (Day 3)
60min before meal (Day 4)
30min before meal (Day 5)

Allocated to Group D (n=5)

Peamilk
¢ Just before meal (Day 1)
No peamilk (Day 2)
60min before meal (Day 3)
30min before meal (Day 4)
15min before meal (Day 5)

Allocated to Group E (n=4)

Peamilk
¢ No peamilk (Day 1)
60min before meal (Day 2)
30min before meal (Day 3)
15min before meal (Day 4)
Just before meal (Day 5)
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data (n=1)

Analyzed (n=23)

‘

Allocated to group of gender
* Males (n=12)
* Females (n=11)

|

Analyzed in each group

Figure 1: Flow Chart Showing Subject Classification

Values are the means + standard deviations. BMI, body mass index.
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Figure 2: Response of glucose levels

Time course monitoring of glucose levels (A). Maximal glucose levels and AUCs of glucose levels (B, C). Glucose (mg/dL) was
measured by FreeStyle Liber Pro. Values are means + standard deviation. Monitoring of glucose levels, Two way-repeat-
ed-ANOVA was used for glucose data, and Dunnet's was used for multiple testing vs None group, * p < 0.05, ** p < 0.01. Maxi-
mal glucose and AUCs, Friedman test was used and Dunn's was used for multiple testing vs None group, * p < 0.05, ** p < 0.01.

AUC, area under the curve of glucose.

Table S2: Values of Monitoring Glucose Level in the Total Analysis

Time None -60 min -30 min -15 min 0 min
18.00 85.2+64 86.7+7.5 85.0+7.9 82971 87.2+8.7
18.15 859+54 92.2 + 8.1** 84.3+8.1 83.6 6.9 87.6+£9.2
18.30 86.3+6.0 96.5 £ 7.3 85.1+8.5 843 +6.9 86.8+7.6
18.45 85.1+6.0 93.7 £ 7.4+ 91.2 +£9.2% 85173 86.0 + 6.4
19.00 86.2+7.0 90.7 + 7.8 100.8 £ 10.9** 93.7 £9.5%* 87.1+6.4
19.15 102.6 + 14.6 107.0 £ 14.3 116.7 £ 16.2* 115.0+ 14.3** 100.1 £7.3
19.30 137.3 £ 25.7 140.7 £ 19.9 138.9 £ 26.2 139.5 +19.7 129.8 £ 16.7
19.45 166.0 £ 30.0 160.6 £ 26.0 153.2 £33.6 150.8 £27.8 153.1 £30.5
20.00 172.8 £34.1 156.6 £ 32.7% 153.8 £34.4 147.6 £ 36.7** 157.3 £ 38.8
20.15 166.3 £ 36.5 142.5 £ 34.7%* 150.4 £ 32.4 143.0 £ 37.0* 152.5+ 40.2
20.30 157.9 £ 33.9 130.9 £ 30.1** 145.1 £27.5 139.3 £31.3 145.4 £ 35.0
20.45 147.7 £29.7 122.7 £23.0** 134.7 £22.6 132.3 £28.8 139.3 £30.0
21.00 1359 £ 33.9 117.6 £ 19.1* 1253 £21.6 126.3 £ 26.1 133.3£27.5
21.15 127.1 £27.6 114.8 + 18.8 119.2+19.3 120.9 + 20.0 126.2 £ 23.8
21.30 119.7 £24.1 110.5+18.9 111.1+£17.3 1141+ 17.7 1204 £21.1

Glucose (mg/dL) was measured by FreeStyle Liber Pro. Values are means + standard deviation. Two way-repeated-ANOVA

was used for glucose data (Time; F = 107.7, p <0.001, Group; F = 1.67, p = 0.18, Interaction; F , ,,,,= 4.27, p < 0.001.), and
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Dunnet's was used for multiple testing vs None group, * p < 0.05, ** p < 0.01.
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Table S3: Values of Glucose Response in the Total Analysis

None -60 min -30 min -15 min 0 min P Value
Glucose max (mg/dL) | 179.4 £32.7 | 166.9 £27.4 | 164.0 + 28.2% | 160.1 £ 30.4** | 165.6 +35.2 | <0.01
Total AUC 26393 + 24903 + 25328 +
+ +
(mg*min/dL) 3328 24975 + 2686 | 25451 + 3031 3296+ 3368 <0.05

Values are means + standard deviation. Friedman test was used and Dunn's was used for multiple testing vs None group, * p <

0.05, ** p < 0.01. AUC, area under the curve.
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Figure 3: Gender differences in response of glucose levels

Time course monitoring of glucose levels (A-B). Values are means + standard deviations. Maximal glucose levels and AUCs of

glucose levels (C-F). AUC, area under the curve of glucose. Monitoring of glucose levels, Two way-repeated-ANOV A was used

for glucose data, and Dunnet's was used for multiple testing vs None group, * p < 0.05, ** p < 0.01. Maximal glucose and AUCs,
Friedman test was used and Dunn's was used for multiple testing vs None group, * p < 0.05, ** p < 0.01. AUC, area under the

curve of glucose.

Gender Differences in Glucose Levels Fluctuation males, 11 females.

Analysis
An analysis of the glucose levels in male partici-
As mentioned above, there are gender differences pants showed that the -60 min group had lower values at
in fasting blood glucose levels and OGTT results [22, 23, 25, 20:15, 20:30, and 20:45 after dinner compared to the None

26]. Therefore, a subgroup analysis was conducted focusing group (Figure 3A, Supplemental Table S4, 20:15; 145.8 +

on gender. In this analysis, there were three groups: 12 34.3 mg/dL, p<0.05, 20:30; 133.8 + 29.3 mg/dL, p<0.05,
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20:45; 123.3 + 22.5 mg/dL, p<0.05). On the other hand, the
glucose levels in males of pea milk intake in the -60 min
group were higher at 18:15, 18:30 and -18:45 before dinner
(18:15; 93.0 + 8.3 mg/dL, p<0.01, 18:30; 97.8 + 7.7 mg/dL,
p<0.01, 18:45; 94.2 + 5.2 mg/dL, p<0.01).The -30 min group
had lower glucose values at 20:00, 20:15, 20:30, and 20:45 af-
ter dinner compared to the None group (20:00; 150.0 + 29.8
mg/dL, p<0.05, 20:15; 143.7 = 25.2 mg/dL, p<0.01, 20:30;
134.2 + 19.7 mg/dL, p<0.01, 20:45; 124.0 + 15.5 mg/dL,
p<0.01). In the -30 min group, the glucose level in males
was higher at 18:45 and 19:00 before dinner compared to
the None group (18:45; 95.3 + 9.7 mg/dL, p<0.05, 19:00;
104.4 £+ 11.9 mg/dL, p<0.01). The -15 min group had lower
values at 20:00 and 20:15 after dinner compared to the
None group (20:00; 145.3 + 39.8 mg/dL, p<0.05, 20:15;
140.6 + 42.0 mg/dL, p<0.05). In the -30 min group, the glu-
cose level in males was higher at 19:00 and 19:15 after dinn-

er compared to the None group (19:00; 96.7 + 11.4 mg/dL,

8

p<0.01, 19:15; 119.8 + 16.1 mg/dL, p<0.05). In the maxi-
mum glucose levels, males participants in the -30 min and
-15 min groups had lower values than those in the None
group (Figure 3B, Supplemental Table S5, None; 184.4 +
29.1 mg/dL, -30 min group; 156.9 + 26.8 mg/dL, p<0.01, -15
min group; 161.4 + 34.7 mg/dL, p<0.05). In the total AUC,
male in the -30 min and -15 min groups showed a tendency
of a lower value when compared to those in the None group
(Figure 3C, Table S5, None; 26858 + 3120 mg*min/dL, -30
min group; 24883 + 2663 mg*min/dL, p=0.06, -15 min
group; 24806 + 3494 mg*min/dL, p=0.07).

An analysis of the glucose levels in female partici-
pants showed that none of the groups had changed values af-
ter dinner compared to the None group (Figure 3D, Supple-
mental Table S6). Similarly, no differences were observed in
maximum blood glucose levels and total AUC due to pea
milk intake in females (Figure 3 F,G, Supplemental Table
S5).

Table S4: Values of Monitoring Glucose Level in the Male (N=12)

Time None -60 min -30 min -15 min 0 min
18.00 845+54 86.8£6.2 87.7+79 80.5+7.5 85.8+7.6
18.15 85.8+6.4 93.0 + 8.3%* 87.2+7.9 81.6+7.3 86.2+9.6
18.30 86.6+7.5 97.8 £ 7.7%* 88.9+8.8 82.7+72 86.6 + 8.1
18.45 853+74 94.2 + 5.2%* 95.3 +9.7%* 85.1+8.3 86.0+ 6.3
19.00 86.8 + 8.6 92.8+7.2 104.4 £ 11.9** 96.7 + 11.4%* 86.8 +6.4
19.15 105.1 +16.3 113.3 £ 16.2 119.6 +18.3 119.8 £ 16.1* 100.3 £7.4
19.30 142.3 £ 27.7 147.0 £ 20.2 138.7 +27.9 143.3 £21.2 129.4 + 18.6
19.45 171.8 £ 30.1 163.1 +26.2 149.6 + 31.7 151.5+30.1 151.1 £ 36.4
20.00 178.2 + 34.2 158.2 + 31.8 150.0 + 29.8* 145.3 + 39.8* 155.8 + 44.6
20.15 170.4 + 34.2 145.8 + 34.3* 143.7 £ 25.2*% 140.6 + 42.0* 151.3 £+ 44.6
20.30 161.3 £ 26.0 133.8 £ 29.3* 134.2 £ 19.7** 139.8 £ 354 145.2 + 34.3
20.45 150.0 + 26.3 123.3 £ 22.5* 124.0 £ 15.5** 132.8 + 30.6 142.1 £ 28.1
21.00 138.0 +29.5 115.8 £ 19.6 116.3 + 16.8 124.8 £ 27.6 135.3 £ 24.2
21.15 128.1 £ 30.3 110.6 £ 17.6 111.4 £ 14.8 116.7 £ 21.2 123.2 £ 23.1
21.30 117.2 +27.3 104.1 £ 14.9 103.8 +13.0 105.6 £ 16.5 112.3 £ 20.0

Glucose (mg/dL) was measured by FreeStyle Liber Pro. Values are means + standard deviation. Two way-repeated-ANOVA

was used for glucose data, and Dunnet's was used for multiple testing vs None group, * p < 0.05, ** p < 0.01.
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Table S5: Values of Glucose Response in the Subgroup Analysis

Gender None -60 min -30 min -15 min 0 min P value
184.4 + 171.0 £ 156.9 + 1614 + 164.3 +
Male | Glucose max (mg/dL) 0.1 951 26.8%% 34.7% 393 <0.05
Total AUC 26858 + 25259 + 24883 + 24806 + 25172 + 0.05
(mg*min/dL) 3120 2477 2663 3494 3643 ’
186.0 £ 1619 + 157.5 + 165.6 £
Female | Glucose max (mg/dL) 36,2 304 170.6 +22.3 28.9 30.8 0.15
Total AUC 26993 + 24904 + 26128 + 24980 + 25688 + 0.19
(mg*min/dL) 3615 2809 2925 3424 2903 ’

Values are means * standard deviation. Friedman test was used and Dunn's was used for multiple testing vs None group, * p <

0.05, ** p < 0.01. AUC, area under the curve.

Table S6: Values of Monitoring Glucose Level in the Female (N=11)

Time None -60 min -30 min -15 min 0 min
18:00 89.0 £ 3.6 87.7+2.5 81.3+0.6 79.3+7.2 87.7+9.3
18:15 88.0£2.6 92.3+0.6 823+1.2 80.7 £ 4.9 88.0 £8.9
18:30 86.0 1.7 96.0 £5.3 813+74 80.0 £3.6 86.0 £8.5
18:45 84.0+2.0 95.0£11.5 88.3+£9.1 78.7£4.0 843+64
19:00 843+25 90.0 £9.5 99.0 £12.3 853+1.5 84.3+5.0
19:15 923+21 101.3+11.2 112.3 +21.1 107.0 £ 7.5 95.7+1.2
19:30 115.7 +10.4 137.0 £ 21.9 140.7 + 31.4 135.0 + 14.0 131.7 + 14.6
19:45 139.0 £ 13.1 159.0 + 30.5 168.0 +42.4 1523 +24.1 162.3 +32.3
20:00 138.3+15.1 151.7 + 45.7 167.7 £ 61.6 157.3 + 31.0 161.0 + 46.6
20:15 128.0 + 16.6 133.0 +43.5 156.0 + 67.5 151.7 £ 26.7 149.3 £+ 51.9
20:30 126.0 £ 13.5 121.3+35.3 150.0 + 52.7 143.0 +24.4 139.7 £ 49.7
20:45 1203+ 154 117.3 £28.3 140.0 £ 33.4 139.7 £ 34.5 132.7 £ 48.8
21:00 111.3 +24.7 111.0 + 19.7 1253 +22.5 134.0 + 37.7 126.7 + 49.7
21:15 113.3+31.6 103.3 + 20.6 118.3+19.6 126.3 +29.7 120.7 + 37.5
21:30 116.0 + 28.0 99.3 +£23.1 115.7 £ 10.3 123.7 £ 23.0 119.7 + 24.9

Glucose (mg/dL) was measured by FreeStyle Liber Pro. Values are means + standard deviation. Two way-repeated-ANOVA

was used for glucose data, and Dunnet's was used for multiple testing vs None group, * p < 0.05, ** p < 0.01.

Discussion

In this study, pea milk intake before dinner sup-

and smell of pea milk [4, 8, 9, 10], the present results are the
first evidence that pea milk strongly attenuates glucose lev-

els after dinner.

pressed the postprandial increase in glucose levels. Al-

though there have been reports on the physical properties
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In a previous study, participants consumed veg-
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etable juice before a meal, and the subsequent glucose in-
crease was suppressed; the mechanism for this suppression
was due to the dietary fiber in the vegetable juice [21]. In
another report, the increase in glucose levels after eating bis-
cuits was suppressed in groups who consumed a mulberry
leaf drink or a young barley leaf drink, both of which are
rich in dietary fiber [32]. Pea milk contained 0.4 g of dietary
fiber, which is lower than the amounts found in previous
studies, making it unlikely that the suppression of blood glu-

cose levels is due to dietary fiber.

Pea protein has been reported to contain an a-glu-
cosidase inhibitor in the intestinal brush border [33]. It has
also been reported that the glycoprotein-2 isolated from
peas inhibits the activity of a-amylase and a-glucosidase, re-
sulting in incomplete starch digestion and reduced glucose
absorption [34]. The peptides contained in pea protein en-
hance the secretion of glucagon-like peptide-1 (GLP-1), and
the enhancement in insulin secretion caused by GLP-1 con-
tributes to the suppression of blood glucose levels. The pep-
tides contained in pea protein enhance the secretion of
glucagon-like peptide-1 (GLP-1), and the enhancement in
insulin secretion caused by GLP-1 contributes to the sup-
pression of blood glucose levels. Examples of protein-target-
ed second meal effect studies include the following. In a
study of T2D patients treated with metformin, the consump-
tion of soy yogurt (30 g of soy beans and 75 g of yogurt) two
hours before breakfast reduced the post-breakfast glucose in-
crease by about 40% [35]. In healthy subjects, when 100 g of
three different protein drinks (whey, egg white, and soy pro-
tein) were consumed 30 min before glucose loading, the
iAUC was lower for the whey and soy proteins compared to
the control drink [36]. When considering the second-meal
effect with a focus on protein, it is important to consider the
time of intake as well as the constituent raw materials in de-
tail. In order to clarify pea milk’s mechanism of action, it is
necessary to measure the activity of digestive enzymes and

peptides contained in pea milk.

In previous study, we had reported the effect of su-
gar and carbohydrate amount on the second meal effect
[37]. Insulin secretion is also affected by carbohydrate and
sugar intake [38]. The 200 mL serving of pea milk con-
sumed in this study contained 4.7 g of sugar (Supplemental

Table S1). This study confirmed that consuming pea milk
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30 and 15 minutes before a meal suppressed the rise in maxi-
mum postprandial glucose levels. In these groups, glucose
levels at 19:00, the time when dinner begins, were signifi-
cantly higher than in the None group. This mild prepran-
dial hyperglycemia may have triggered early-phase insulin
secretion (“priming effect”) and stimulated incretin release
such as GLP-1, both of which contribute to blunting post-
prandial glucose excursions [39]. This mechanism is consis-
tent with the concept of the “second meal effect,” where
pre-meal intake of carbohydrates or protein lowers the
glycemic response of the subsequent meal by stimulating in-
sulin and incretin pathways in advance. Pea milk contains
both sugar and pea protein, nutrients known to trigger th-
ese hormonal responses [11,40]. Thus, consuming pea milk
prior to dinner may have functioned as a metabolic primer,
helping attenuate the postprandial glucose peak. Future
studies should include measurements of insulin, GLP-1,

and gastric emptying to further elucidate these mechanisms.

Previous studies and this study, as well as other
studies examining the second meal effect of beverages, have
conducted the tests at dinner time. It has been pointed out
that insulin resistance is higher in the evening compared to
the morning, which may lead to a greater rise in blood su-
gar levels [18]. The glucose level after dinner is significantly
higher than that after breakfast, even when identical meals
are consumed for breakfast and dinner [18]. Consuming ex-
cess energy at a late dinner promotes glucose metabolism
and lipid synthesis, increasing the risk of lifestyle-related dis-
eases [41,42]. Previous reports have suggested that consum-
ing a moderate amount of carbohydrates and/or sugar be-
fore a dinner meal can help lower blood glucose levels at
dinner [37]. A 200 mL volume of pea milk contains 4.7 g of
sugar (starch syrup and sucrose). The glucose levels of pea
milk intake in the -60 min, -30 min, -15 min groups were
higher before dinner, which is thought to be influenced by
the sugars contained in pea milk. Although, it is possible
that the sugar content of pea milk may be the cause of high
glucose levels at 19:15 after dinner in -30 min and 15 min
group. And it is possible that insulin might be secreted in ad-
vance due to this carbohydrate intake 15 minutes before din-
ner, which then contributed to the decrease in the maxi-
mum blood glucose level and total AUC after dinner. Pea
milk may be beneficial as a way to control blood glucose lev-

els after dinner.
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In a study conducted on Japanese subjects to clari-
fy the differences in glucose tolerance based on gender and
age, apparent sex differences in glucose tolerance were ob-
served. The difference is caused by decreased -cell function
represented by fasting plasma insulin levels, homeostasis
model assessment-B (HOMA-B), and increased BMI [43].
Glucose tolerance was better in young females than in
males, but the difference narrowed in middle-aged females
[43]. It has been reported that early insulin secretion de-
creases with age, especially in females [44]. HOMA-B also
declined with age [45]. The average age of the study partici-
pants was 38.1 + 9.2 years for males and 42.5 + 11.2 years
for females, suggesting that insulin secretion and HOMA-f
may decline with age. Females have different blood glucose
control during the follicular and luteal phases by sex hor-
mones [27]. It has been reported that, in females, blood glu-
cose levels are less likely to increase during the follicular
phase but more likely to increase during the luteal phase
[46]. OGTT and insulin tolerance tests have also shown that
hypoglycemia under insulin loading is reduced during the
follicular phase, and glucose tolerance is slightly improved
[47,48]. This is due to the increased secretion of proges-
terone during the luteal phase; progesterone is reported to
increase insulin resistance, making blood glucose levels
more likely to increase [49]. Conversely, estrogen and estro-
gen receptor alpha has been reported to promote insulin se-
cretion, regulate glucose utilization, and improve insulin
sensitivity. [50, 51]. Some reported indicate that amenor-
rhea symptoms are significantly correlated with insulin resis-
tance [52]. The study included three females who menstruat-
ed during the study period and eight females who did not
menstruate during the study period. These factors may be
one of the reasons why pea milk did not have an effect of
suppressing postprandial blood glucose elevation in fe-
males. In future studies, it will be necessary to design tests
that take into account the effects of the menstrual cycle and

sex hormone secretion.

Limitation

There are a number of research limitations in this
study. Because this study was conducted in Japanese individ-
uals and the intervention period was only single intake test,
its application to a racial group other than the Japanese pop-

ulation and its contribution to a long-term strategy are un-
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clear. No comparisons were made with other plant-based
milks, so it is unclear whether the effects apply to all plan-
t-based milks or if they are specific to pea milk. In this
study, we only collected real-time blood glucose data using
Libre pro, so we were unable to clarify the mechanism be-
hind the reduction in blood glucose levels. In addition, it
would be desirable to collect blood samples at various time
points and measure blood glucose levels and related hor-
mones such as GLP-1 and insulin to elucidate the mech-
anism of action. In order to clarify pea milk’s mechanism of
action, it is necessary to measure the activity of digestive en-
zymes and peptides contained in pea milk. As the gender
and age ranges were limited, it would be desirable to
conduct tests taking age and gender into consideration in
the future. Additionally, separate studies could be conduct-
ed on females at different stages of their menstrual cycle.
The calculated sample size was 24 participants, and 24 parti-
cipants were recruited. However, because one participant
met the exclusion criteria, data from only 23 participants
could be analyzed; therefore, the results should be interpret-
ed with caution. Furthermore, the subgroup analysis by sex
included 12 men and 11 women, and the results should be
interpreted with even greater caution. Therefore, this study
should be considered a pilot study, and further research is

needed.

Conclusion

In this study, compared with no intake, pea milk
consumed 60 min before dinner significantly attenuated
postprandial glucose levels from 20:00 to 21:00. Pea milk
consumed 15 min before dinner also reduced glucose levels
at 20:00 and 20:15. Compared with no intake, pea milk con-
sumption 30 and 15 min before dinner significantly re-
duced maximum postprandial glucose levels. Furthermore,
total AUC was significantly lower in the 15-min pre-dinner
intake group. This study suggests that consuming pea milk
before dinner may suppress subsequent increases in glucose
levels. The suppression of glucose levels was observed in
males but not in females, suggesting that gender differences
should be taken into account when conducting studies on
blood glucose levels. Although the mechanism of action is
unknown, these results may help understand the relation-
ship between plant-based milks, including pea milk, and im-

proved health. Although 24 participants were recruited, on-
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ly 23 were analyzed due to one exclusion. Sex-specific sub-
group analyses were based on small samples (12 men and 11
women) Therefore, this study should be regarded as a pilot
study, and the results should be interpreted with utmost cau-

tion.
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