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ABSTRACT 

Background: There is mounting evidence that the intake of polyphenols can help prevent cardiovascular complications. 

Furthermore, multiple intakes of different polyphenol compounds are expected to have a synergistic effect. However, few 

studies have examined the preventive effect of simultaneous polyphenol intake on cardiovascular complications in 

healthy adults.  
 

Objective: The present study aimed to evaluate the efficacy of daily intake of 70 mg of monoglucosyl hesperidin (MH) 

alone, or in combination with 140 mg of monoglucosyl rutin (MR), in improving vascular flexibility. 
 

Methods: This 8-week study was conducted on 66 healthy male and female participants with a relatively high body mass 

index (BMI) and low vascular flexibility. The participants were randomly assigned to an MH group (MH alone), MHMR 

group (combination of MH and MR), or placebo group by a computer-generated list (each n = 22). Participants took two 

tablets per day of either MH, MHMR or placebo during the intervention. Outcomes included vascular function indices, 

capillary flow, and inflammatory markers. Assessment points were at 4 weeks (4w) and 8 weeks (8w) of the intervention. 
 

Results: The primary outcome was flow-mediated dilation. In an analysis including participants whose left brachial-ankle 

pulse wave velocity (baPWV) was ≥1232.5 cm/s at baseline in the per-protocol set, the MHMR group showed significant 

improvement compared with the placebo group in flow-mediated dilation, maximum post-avascularization artery 

diameter, baPWV (each and average of both legs), and E-selectin at 8w. 

 

Conclusion: These results indicated that MH, in combination with MR, may act on vascular endothelial cells to improve 
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INTRODUCTION 

Rutin is a flavonol glycoside and a polyphenol found in 

plant-derived products, such as buckwheat [1], tea, 

apples [2], and asparagus [3]. Another polyphenol, 

hesperidin, is found primarily in citrus fruits [4]. Despite 

the antioxidant properties of rutin and hesperidin 

(sometimes referred collectively as vitamin P) and their 

potential in preventing lifestyle-related diseases, such as 

heart disease, arteriosclerosis, and hypertension [5,6], 

they have a low water solubility and largely limited usage 

due to their poor bioavailability. Following oral ingestion, 

a low amount of hesperidin and rutin is absorbed in the 

small and large intestine after being reduced to their 

aglycons by β-glucosidase and intestinal bacteria [7]. 

α-glycosyl-rutin (4G-α-D-glucopyranosyl rutin, 

monoglucosyl rutin [MR]) and α-glycosyl-hesperidin (4G-

α-D-glucopyranosyl hesperidin, monoglucosyl hesperidin 

[MH]) are manufactured by enzymatic glycosylation of 

rutin and hesperidin, respectively. This process increased 

the water solubility of the flavonoids by approximately 

30,000-fold for rutin [8] and approximately 10,000-fold 

for hesperidin [9], translating to improved bioavailability 

[10,11]. Both MR and MH have been used in food and 

beverage products for their antioxidative functions and 

stability. It is suggested that increased water solubility 

facilitates their decomposition of aglycons by digestive 

enzymes and intestinal bacteria. 

Flow-mediated dilation (FMD) is an indicator of 

change in artery diameter in response to reactive 

hyperemia [12] and has been shown to have a borderline 

range of endothelial dysfunction ranging from 4–7% [13]. 

It is evaluated by measuring vasodilation associated with 

relaxation of vascular smooth muscles via endothelium-

derived nitric oxide (NO due to the stimulation of shear 

vascular flexibility in healthy adults with a relatively low vascular flexibility. (UMIN000046054). 
 

Keywords: Monoglucosyl hesperidin; Monoglucosyl rutin; flow-mediated dilation; E-selectin; pulse wave velocity, body 

mass index, vascular flexibility 
 

 
©FFC 2024.  This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0 License 
(http://creativecommons.org/licenses/by/4.0) 
 

http://www.ffhdj.com/
http://creativecommons.org/licenses/by/4.0


Functional Foods in Health and Disease 2024; 14(5): 346-365                                    FFHD                                  Page 348 of 365 
 

 

stress between the vascular endothelium and blood 

produced by increased blood flow following released 

avascularization. There are several human studies on the 

effects of hesperidin on FMD [14], peripheral blood flow, 

and blood pressure [15]. In one of those studies, a dose 

of 159.5 mg of hesperidin and 21.5 mg of narirutin per 

day was found to improve FMD. Moreover, MH, reported 

to be three times more bioavailable than hesperidin [9], 

improved capillary flow in a clinical trial [16]. As for MR, 

no research was found on its intake’s effect on FMD.  

FMD has been used to evaluate vascular endothelial 

function. As for brachial-ankle pulse wave velocity 

(baPWV), it has been used to quantify vascular arterial 

stiffness and predict the risk of cardiovascular events. 

baPWV has been shown to have a borderline value of 14 

to 18 m/sec for predicting cardiovascular events [17]. 

baPWV increases with aging and is higher with risk 

factors, such as hypertension and diabetes [18]. Notably, 

a baPWV value of 1220 cm/s or lower indicates the absence 

of vascular stiffness upon evaluation [22] 

Rutin and hesperidin are reported to act on vascular 

endothelial cells to produce nitric oxide (NO) [15,20]. 

Rutin is known to have a higher DPPH radical scavenging 

activity than hesperidin [21]. Therefore, we believe that 

MH produces NO by improving capillary flow, while MR 

protects endothelial cells from stress and maintains the 

function of nitric oxide production through its antioxidant 

effect.  

In this 8-week study, we examined the effects of the 

intake of MH alone (70 mg per day), or in combination 

with MR (140 mg per day), on vascular flexibility. 

 

METHODS 

Study design: A randomized, placebo-controlled, double-

blind, parallel-group study was approved by the 

independent ethical committee of Takara Clinic, Medical 

Corporation Seishinkai (Tokyo, Japan) on October 27, 

2021 (Approval number: 2110-00334-0033-14-TC). This 

study was conducted in accordance with the Declaration 

of Helsinki (2013) and strictly followed the Ethical 

Guidelines for Medical and Biological Research Involving 

Human Subjects of the Ministry of Education, Culture, 

Sports, Science, and Technology; the Ministry of Health, 

Labor, and Welfare; and the Ministry of Economy, Trade, 

and Industry of Japan. The protocol was registered with 

the University Hospital Medical Information Network 

Clinical Trials Registry (UMIN000046054). 

 

Study participants: The inclusion criteria were as follows: 

(a) healthy men and women aged ≥20 years; (b) ≥18.5 

kg/m2 body mass index (BMI), (c) low FMD value at 

screening (before consumption; Scr), and (d) agreement to 

participate in the study and meeting the eligibility criteria. 

The exclusion criteria were as follows: (a) any medical 

history of a malignant tumor, heart failure, or myocardial 

infarction; (b) current treatment for a chronic disease 

(cardiac arrhythmia, liver failure, kidney failure, 

cerebrovascular disorder, rheumatism, diabetes mellitus, 

dyslipidemia, hypertension, hypotension, hemorrhagic 

disease, or other chronic disease); (c) daily intake of 

“Foods for Specified Health Uses,” “Foods with Function 

Claims,” or other functional foods/beverages; (d) regular 

use of medications, including herbal medicines and 

supplements; (e) allergic reactions to medications and/or 

products associated with the study substances, 

particularly citrus fruits; (f) expected/planned surgery; (g) 

COVID-19 history, pregnancy, lactation, or an 

expected/planned pregnancy during the study period; (h) 

participation in another clinical study within the last 28 

days prior to signing the study’s informed consent 

document; and (i) identification as ineligible to 

participate in this study by the principal investigator. 

All participants signed an informed consent 

document at the office of ORTHOMEDICO Inc. (Tokyo, 

Japan) prior to their participation in the study. The 

examinations were conducted at Takara Clinic (Medical 

Corporation Seishinkai, Tokyo, Japan). No members of 

sponsors participated in the study. 

No study has yet evaluated the effects of an 8-week 

intervention using only MH or MHMR on FMD in healthy 

people. We assumed a significant difference in FMD 

values between the MH or MHMR group and the placebo 
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group. The effect size (d) was set as 1.00 [22]. Therefore, 

the sample size was calculated with an assumed effect 

size (d) of 1.00, significance level (α) of 0.05, and 

statistical power (1−β) of 0.80, thus requiring 17 

participants per group. To maximize the statistical power 

(1−β) as much as possible, the sample size was set to 20 

participants per group, and statistical power (1−β) was 

recalculated to be 87.9%. Eventually, considering dropout 

or deviation from the protocol during this trial, the 

number of participants was set to 22 per group. 

A total of 66 participants signed the informed 

consent form and participated in the study. The 

intervention foods were provided by Toyo Sugar Refining 

Co., Ltd. (Tokyo, Japan) to the contract research 

organization (CRO), ORTHOMEDICO Inc. Due to 

indistinguishability between the intervention foods, the 

person in charge of shipping from the CRO provided the 

intervention food code to an allocation controller who 

was not directly involved in the study. Participants were 

randomly allocated to either the MR group, MHMR 

group, or placebo group (each group, n = 22; assigned 

ratio, 1:1:1) based on stratified randomized allocation of 

FMD, age, and gender. The allocation was performed 

according to a computer-generated randomization list. 

The allocation table with the coded intervention foods 

was only provided to the person in charge of shipping, 

and this person sent the intervention foods to each of the 

participants. The allocation controller sealed the 

allocation table until the key-opening day. No individual 

related to the study was aware of the group assignments 

or involved in allocation. 

 

Intervention: αG Rutin PS™ (glycosylated rutin) and αG 

Hesperidin PA-T™ (glycosylated hesperidin) were 

manufactured by Toyo Sugar Refining Co., Ltd. (Tokyo, 

Japan). These materials were used to prepare tablets 

containing MH and MHMR as test foods. The participants 

were divided into the following three groups according to 

the intervention received: MH group (MH alone), MHMR 

group (combination of MH and MR), and placebo group 

(placebo). Participants took 2 tablets with water before 

breakfast or on fasting (2 tablets/day). Based on 

preclinical date (unpublished), The daily intakes of MH 

and MR were equivalent to 70 mg and 140 mg, 

respectively. The intervention period was 8 weeks. MR 

tablets, MHMR tablets, and placebo tablets could not be 

distinguished by color, smell, or flavor. αG Rutin PS™ and 

αG Hesperidin PA-T™ are considered functional foods 

defined by the Functional Food Center [23,24]. 
 

Outcomes: Efficacy and safety assessments were 

conducted at Scr, at 4 weeks (4w) and 8 weeks (8w) of 

intervention. 
 

Primary outcome: The measured value of FMD at 8w 

FMD was measured in the right upper brachial artery 

using the ultrasound device UNEXEF18VG (UNEX Co., 

Aichi, Japan). The procedure for FMD measurement 

followed the report of Mućka et al. [12] and the 

guidelines by the Japanese Circulation Society [25]. In 

brief, the ultrasound terminal was applied to the upper 

right arm region while the participant was in the supine 

position, and the resting artery diameter (rAD) was first 

measured. After 5 minutes of avascularization, the 

change in vessel diameter in the subsequent 2 minutes 

was observed, and the maximum post-avascularization 

artery diameter (maxAD) was measured. FMD was 

calculated using the following formula: 

 

𝐹𝑀𝐷(%) =
𝑚𝑎𝑥𝐴𝐷(𝑚𝑚) − 𝑟𝐴𝐷(𝑚𝑚)

𝑟𝐴𝐷(𝑚𝑚)
× 100⋯(1) 

 

Secondary outcomes:  

(a) Vascular endothelial function: In addition to the 

primary outcome, we measured FMD values at Scr and 

4w, and maxAD and rAD values at Scr, 4w, and 8w. 

As with the primary outcome, FMD, rAD, and 

maxAD were measured using the UNEXEF18VG system 

(UNEX Co.). 

(b) baPWV and blood flow: baPWV was measured with a 

volume-plethysmographic apparatus using FORM-5 

(FUKUDA COLIN Co., Ltd., Tokyo, Japan) at Scr, 4w, and 8w. 

Pulse wave velocity (PWV) is considered the gold 
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standard for arterial stiffness assessment, and this 

parameter is determined from the time elapsed between 

two pressure waveforms in the supine position from two 

different anatomic sites [28,29]. In this study, we 

obtained measurements in the radial and posterior tibial 

arteries. 

Capillary blood flow was measured using the 2D 

laser blood flow imager OMEGAZONE (Omegawave Inc., 

Tokyo, Japan) at Scr, 4w, and 8w. The measurement 

principle is based on the report by Kashima et al. [26] . 

The procedure for measuring blood flow was based on 

previous studies using the same device [27,28]. The palm 

of the dominant hand was projected by the camera 

dedicated to the device, and blood flow was measured 

according to the instruction manual of the device. 

(c) High-sensitivity C-reactive protein (h-CRP), soluble 

vascular cell adhesion molecule 1 (sVCAM-1), and E-

selectin: h-CRP, sVCAM-1, and E-selectin in the blood 

were measured by LSI Medience Corporation (Tokyo, 

Japan) at Scr, 4w, and 8w. 

To confirm the health status of the participants, 

interviews and a dietary survey using the Calorie and 

Nutrition Diary (CAND) [29] were conducted on each 

examination day. Additionally, all participants were asked 

to record in a diary their daily living conditions, such as 

consumption of test foods, changes in physical condition, 

and use of medications. 

 

Statistical method: All statistical analyses in this study 

were two-sided, and the significance level was set at 5%, 

with no adjustment for multiple comparisons. Data 

analyses were performed using Windows SPSS version 

23.0 (IBM Japan, Ltd., Tokyo, Japan). 

The participants’ characteristics were 

demographically aggregated according to the analyzed 

participants. The participants’ age, height, body weight, 

BMI, body fat percentage, blood pressure, and pulse rate 

in each group were compared using a general linear 

model with group as a factor. Gender in each group was 

compared using the chi-square test. 

The primary and secondary outcomes have been 

presented as mean ± standard deviation (SD) at Scr and 

as estimated marginal mean (EMM) ± standard deviation 

after the intervention. Group differences have been 

presented as the difference values of mean or EMM 

between groups (MH group or MHMR group minus 

placebo group) and its 95% confidence interval (CI). The 

baseline values of the primary and secondary outcomes 

were compared between groups using the general linear 

model with group as a factor. The measured values and 

changed values from the baseline of the primary and 

secondary outcomes at 4w and 8w were analyzed using a 

linear mixed model, with the baseline values used as 

covariates and with time, group, group–time interaction, 

baseline value–time interaction, and participants used as 

factors. 

For the safety endpoints, the occurrence of side 

effects and adverse events was shown as the number and 

percentage of affected participants in the group, and 

between-group comparisons were performed using the 

chi-square test. Intergroup comparisons were indicated 

by percentage difference (MH group or MHMR group 

minus placebo group) and the 95% CI of the difference. 

The safety assessment items, and blood and urine test 

results were coded “1” for within reference values and 

“0” for outside reference values, and the numbers for 

each group were tabulated. These items were compared 

using the chi-square test. Furthermore, the principal 

investigator evaluated and checked the data case-by-case 

to confirm that there were no medical problems 

associated with the consumption of the test foods. 

A subgroup analysis was also conducted in this 

study. The analysis methods were the same as for the per-

protocol set (PPS). 

The analysis dataset was constructed based on the 

following definitions. The intention-to-treat set involved 

all participants enrolled in the present study. Next, a full 

analysis set (FAS) defined when cases were excluded, that 

is they did not receive the allocated intervention, did not 

meet eligibility criteria, never received an intervention 

after allocation, and had no post-allocation data. In 

addition, among the FAS, the data set was the PPS when 

individuals meeting the following criteria were excluded: 

(1) cases whose intake rate of the test food was less than 

80%; (2) cases with behavior that affected the reliability 

of the test results, such as missing diary records; (3) cases 
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found to meet the exclusion criteria after enrollment; (4) 

cases found to have violated compliance rules during the 

study period; (5) cases who took foods or medications 

that could be expected to significantly affect the test 

results; (6) cases engaged in activities that were 

significantly different from their lifestyle at the time of 

enrollment; and (7) other cases in which there were clear 

reasons why exclusion was deemed appropriate. 

 

Table 1-1. Demographic characteristics (Intention to treat; ITT). 
 

 

 

Data other than gender are presented as mean, standard deviation (SD), median, minimum, and maximum. The data in 

the gender row indicate the corresponding number of relevant subjects. *P < 0.05

  Placebo group 

(n = 22) 

MH group 

(n = 22) 

MHMR group 

(n = 22) 

Gender Male 7 (31.8%) 7 (31.8%) 7 (31.8%) 

Female 15 (68.2%) 15 (68.2%) 15 (68.2%) 

Age (year) Mean (SD) 45.7 (13.4) 45.4 (13.0) 45.5 (11.6) 

Medium 50.0 43.0 45.0 

Minimum–Maximum 24–66 28–78 26–63 

P value - 0.924 0.943 

Height (cm) Mean (SD) 163.5 (10.2) 162.7 (10.7) 164.0 (9.8) 

Medium 160.50 160.00 163.00 

Minimum–Maximum 147.0–183.0 145.0–186.1 147.0–188.8 

P value - 0.791 0.871 

Body weight (kg) Mean (SD) 69.9 (14.3) 68.7 (11.4) 65.5 (14.1) 

Medium 69.80 67.40 66.35 

Minimum–Maximum 43.9–102.8 51.9–94.8 48.5–106.8 

P value - 0.758 0.275 

BMI (kg/m2) Mean (SD) 25.9 (3.0) 25.8 (2.0) 24.1 (3.1) 

Medium 26.9 25.7 23.6 

Minimum–Maximum 20.3–30.7 21.9–29.6 18.9–30.0 

P value - 0.908 0.036* 

Body fat percentage 

(%) 

Mean (SD) 29.3 (4.1) 28.7 (6.1) 26.2 (5.0) 

Medium 29.6 29.8 25.7 

Minimum–Maximum 22.9–35.9 12.9–38.0 18.8–36.7 

P value - 0.694 0.050* 

Systolic blood 

pressure (mmHg) 

Mean (SD) 119.3 (12.5) 119.4 (10.4) 125.4 (17.1) 

Medium 122.5 118.5 123.0 

Minimum–Maximum 94–142 101–139 101–163 

P value - 0.991 0.146 

Diastolic blood 

pressure (mmHg) 

Mean (SD) 75.9 (8.4) 77.9 (7.9) 81.5 (11.5) 

Medium 76.5 78.0 80.5 

Minimum–Maximum 58–91 63–93 62–103 

P value - 0.492 0.051 

Pulse rate (bpm) Mean (SD) 71.4 (9.4) 71.4 (8.0) 66.5 (5.7) 

Medium 70.0 73.0 67.0 

Minimum–Maximum 55–91 54–83 54–75 

P value - 0.985 0.045* 
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Table 1-2. Demographic characteristics (Per-protocol set; PPS). 
 

  Placebo group 

(n = 20) 

MH group 

(n = 22) 

MHMR group 

(n = 22) 

Gender Male 7 (35.0%) 7 (31.8%) 7 (31.8%) 

Female 13 (65.0%) 15 (68.2%) 15 (68.2%) 

Age (year) Mean (SD) 44.7 (13.6) 45.4 (13.0) 45.5 (11.6) 

Medium 48.0  43.0  45.0  

Minimum–Maximum 24–66 28–78 26–63 

P value - 0.856  0.838  

Height (cm) Mean (SD) 164.4 (10.3) 162.7 (10.7) 164.0 (9.8) 

Medium 161.00  160.00  163.00  

Minimum–Maximum 147.0–183.0 145.0–186.1 147.0–188.8 

P value - 0.588  0.901  

Body weight (kg) Mean (SD) 70.9 (14.6) 68.7 (11.4) 65.5 (14.1) 

Medium 71.50  67.40  66.35  

Minimum–Maximum 43.9–102.8 51.9–94.8 48.5–106.8 

P value - 0.590  0.195  

BMI (kg/m2) Mean (SD) 26.0 (3.0) 25.8 (2.0) 24.1 (3.1) 

Medium 26.90  25.65  23.55  

Minimum–Maximum 20.3–30.7 21.9–29.6 18.9–30.0 

P value - 0.841  0.034* 

Body fat percentage 

(%) 

Mean (SD) 29.0 (4.1) 28.7 (6.1) 26.2 (5.0) 

Medium 28.9  29.8  25.7  

Minimum–Maximum 22.9–35.8 12.9–38.0 18.8–36.7 

P value - 0.877  0.091  

Systolic blood 

pressure (mmHg) 

Mean (SD) 118.5 (12.8) 119.4 (10.4) 125.4 (17.1) 

Medium 121.5  118.5  123.0  

Minimum–Maximum 94–142 101–139 101–163 

P value - 0.830  0.109  

Diastolic blood 

pressure (mmHg) 

Mean (SD) 75.5 (8.6) 77.9 (7.9) 81.5 (11.5) 

Medium 76.0  78.0  80.5  

Minimum–Maximum 58–91 63–93 62–103 

P value - 0.414  0.042* 

Pulse rate (bpm) Mean (SD) 72.3 (9.4) 71.4 (8.0) 66.5 (5.7) 

Medium 71.5  73.0  67.0  

Minimum–Maximum 55–91 54–83 54–75 

P value - 0.712  0.019* 
 

Data other than gender are presented as mean, standard deviation (SD), median, minimum, and maximum. The data in 

the gender row indicate the corresponding number of relevant subjects. *P < 0.05 
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Table 1-3. Demographic characteristics (Sub-group). 
 

  Placebo group 
(n = 9) 

MH group 
(n = 9) 

MHMR group 
(n = 12) 

Gender Male 2 (22.2%) 3 (33.3%) 3 (25.0%) 

Female 7 (77.8%) 6 (66.7%) 9 (75.0%) 

Age (year) Mean (SD) 53.2 (9.3) 56.2 (11.1) 51.3 (8.8) 

Medium 56.0  57.0  53.5  

Minimum–Maximum 37–66 36–78 33–63 

P value - 0.516  0.648  

Height (cm) Mean (SD) 162.1 (10.2) 162.6 (8.3) 162.6 (7.3) 

Medium 160.00  160.00  161.00  

Minimum–Maximum 147.0–183.0 148.0–176.0 150.0–174.5 

P value - 0.917  0.897  

Body weight (kg) Mean (SD) 67.7 (16.1) 68.1 (8.0) 62.9 (11.0) 

Medium 68.20  68.80  66.35  

Minimum–Maximum 43.9–102.8 55.3–78.5 48.5–82.9 

P value - 0.946  0.371  

BMI (kg/m2) Mean (SD) 25.4 (3.1) 25.7 (1.6) 23.7 (3.3) 

Medium 24.50  25.30  22.95  

Minimum–Maximum 20.3–30.7 23.3–27.9 18.9–28.9 

P value - 0.823  0.183  

Body fat 
percentage (%) 

Mean (SD) 30.0 (3.8) 30.2 (3.8) 26.6 (6.0) 

Medium 30.4  29.7  26.4  

Minimum–Maximum 23.9–35.8 24.1–35.5 18.8–36.7 

P value - 0.927  0.126  

Systolic blood 
pressure (mmHg) 

Mean (SD) 127.3 (8.3) 125.2 (10.7) 134.3 (16.3) 

Medium 125.0  128.0  138.5  

Minimum–Maximum 117–142 108–139 108–163 

P value - 0.728  0.229  

Diastolic blood 
pressure (mmHg) 

Mean (SD) 79.2 (7.7) 83.4 (7.4) 88.3 (9.8) 

Medium 80.0  85.0  89.0  

Minimum–Maximum 68–91 72–93 72–103 

P value - 0.305  0.024* 

Pulse rate (bpm) Mean (SD) 72.2 (12.1) 73.2 (6.1) 66.6 (6.0) 

Medium 68.0  74.0  68.0  

Minimum–Maximum 55–91 63–80 54–75 

P value - 0.800  0.135  
 

Data other than gender are presented as mean, standard deviation (SD), median, minimum, and maximum. The data in 

the gender row indicate the corresponding number of relevant subjects. *P < 0.05 
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Figure 1. Flowchart of participants in this study

 

Assigned to MH group (n = 22) 
Received the assigned group (n = 22) 
Did not receive the assigned group (n = 0) 

Lost to follow-up (n = 0) 
Discontinued intervention (n = 0) 

【Effective and safety evaluation】 
Analyzed (n = 22) 
Excluded from analysis (n = 0) 

Did not receive the intervention after 
allocation (n = 0) 

【Effective and safety evaluation】 
Analyzed (n = 20) 
Excluded from analysis (n = 2) 

Did not receive the intervention after 
allocation (n = 2) 

Lost to follow-up (n = 2) 
Discontinued intervention (n = 2) 

Assigned to placebo group (n = 22) 
Received the assigned group (n = 22) 
Did not receive the assigned group (n = 0) 

Excluded (n = 29) 
Not meeting including criteria (n = 27) 
Declined to participate (n = 2) 
Other reasons (n = 0) 
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【Effective and safety evaluation】 
Analyzed (n = 22) 
Excluded from analysis (n = 0) 

Did not receive the intervention after 
allocation (n = 0) 

Lost to follow-up (n = 0) 
Discontinued intervention (n = 0) 

Assigned to MHMR group (n = 22) 
Received the assigned group (n = 22) 
Did not receive the assigned group (n = 0) 

Randomized (n = 66) 

Assessed eligibility (n = 95) 
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Table 2. Variations in vascular function indicators in PPS. 
 

  Scr   4w   8w  

n 

Mean (SD) 
P 

value 
n 

EMM (SE) 
P 

value 
n 

EMM (SE) 
P 

value Difference 

(95% CI) 

Difference 

(95% CI) 

Difference 

(95% CI) 

FMD (%) Placebo group 20 6.0 (1.8) - 20 5.0 (0.6) - 20 5.2 (0.6) - 

MH group 22 6.1 (1.9) - 22 6.3 (0.6) - 22 6.0 (0.6) - 

MHMR group 22 6.1 (1.9) - 21 5.8 (0.6) - 22 6.1 (0.6) - 

MH group vs. 

Placebo group 
- 

0.1 

(–1.0, 1.3) 
0.814 - 

1.3 

(–0.4, 3.1) 
0.141 - 

0.8 

(–1.0, 2.5) 
0.371 

MHMR group 

vs. Placebo 

group 

- 
0.1 

(–1.0, 1.2) 
0.876 - 

0.8 

(–1.0, 2.6) 
0.375 - 

0.9 

(–0.9, 2.6) 
0.323 

Maximum 

expansion 

width of 

the blood 

vessel 

(mm) 

Placebo group 20 0.23 (0.07) - 20 0.21 (0.02) - 20 0.20 (0.02) - 

MH group 20 0.23 (0.07) - 22 0.23 (0.02) - 22 0.23 (0.02) - 

MHMR group 20 0.22 (0.07) - 21 0.20 (0.02) - 22 0.23 (0.02) - 

MH group vs. 

Placebo group 
- 

0.00 

(–0.04, 0.05) 
0.820 - 

0.03 

(–0.03, 0.08) 
0.370 - 

0.02 

(–0.03, 0.08) 
0.440 

MHMR group 

vs. Placebo 

group 

- 
0.00 

(–0.05, 0.04) 
0.866 - 

–0.01 

(–0.06, 0.05) 
0.818 - 

0.02 

(–0.04, 0.08) 
0.455 

Resting 

vessel 

diameter 

(mm) 

Placebo group 20 3.8 (0.6) - 20 4.1 (0.1) - 20 4.0 (0.1) - 

MH group 20 3.9 (0.8) - 22 3.8 (0.1) - 22 3.9 (0.1) - 

MHMR group 20 3.7 (0.6) - 21 3.7 (0.1) - 22 3.8 (0.1) - 

MH group vs. 

Placebo group 
- 

0.1 

(–0.4, 0.5) 
0.798 - 

–0.3 

(–0.7, 0.0) 
0.077 - 

–0.1 

(–0.4, 0.3) 
0.776 

MHMR group 

vs. Placebo 

group 

- 
–0.1 

(–0.5, 0.3) 
0.629 - 

–0.5 

(–0.8, –0.1) 
0.015* - 

–0.1 

(–0.5, 0.2) 
0.470 

Blood flow 

volume 

(mL/min) 

Placebo group 20 12.0 (5.6) - 20 10.8 (1.8) - 20 8.8 (1.8) - 

MH group 20 10.1 (3.3) - 22 14.9 (1.7) - 22 9.9 (1.7) - 

MHMR group 20 10.3 (3.0) - 21 14.4 (1.7) - 22 8.9 (1.7) - 

MH group vs. 

Placebo group 
- 

–1.9 

(–4.4, 0.6) 
0.133 - 

4.2 

(–0.8, 9.1) 
0.100 - 

1.1 

(–3.9, 6.0) 
0.671 

MHMR group 

vs. Placebo 

group 

- 
–1.7 

(–4.3, 0.8) 
0.172 - 

3.6 

(–1.4, 8.6) 
0.155 - 

0.1 

(–4.9, 5.0) 
0.978 

 

Data at time point “Scr” are presented as mean and standard deviation (SD). Data after the intervention (at “4w” and 

“8w”) are presented as estimated marginal mean (EMM) and standard error (SE). *P < 0.05 
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Table 2. Variations in vascular function indicators in PPS (Continued).  
 

  Scr   4w   8w  

n 

Mean (SD) 

P 

value 
n 

EMM (SE) 

P 

value 
n 

EMM (SE) 

P 

value 
Difference 

(95% CI) 

Difference 

(95% CI) 

Difference 

(95% CI) 

Average of 

right and 

left in 

baPWV 

(cm/s) 

Placebo group 20 1186.3 (208.0) - 20 1292.0 (25.0) - 20 1270.9 (25.0) - 

MH group 20 1231.0 (299.8) - 22 1308.1 (23.7) - 22 1284.2 (23.7) - 

MHMR group 20 1273.9 (271.5) - 21 1220.4 (24.4) - 22 1222.7 (23.8) - 

MH group vs. 

Placebo group 
- 

44.7 

(–118.5, 207.9) 
0.586 - 

16.1 

(–52.3, 84.5) 
0.641 - 

13.3 

(–55.1, 81.7) 
0.701 

MHMR group 

vs. Placebo 

group 

- 
87.6 

(–75.6, 250.8) 
0.287 - 

–71.6 

(–141.3, –1.9) 
0.044* - 

–48.3 

(–117.1, 20.6) 
0.168 

Right in 

baPWV 

(cm/s) 

Placebo group 20 1194.2 (210.0) - 20 1280.6 (24.2) - 20 1264.2 (24.2) - 

MH group 20 1224.7 (297.9) - 22 1296.4 (23.0) - 22 1271.0 (23.0) - 

MHMR group 20 1269.4 (263.5) - 21 1218.1 (23.6) - 22 1222.0 (23.0) - 

MH group vs. 

Placebo group 
- 

30.5 

(–130.8, 191.9) 
0.706 - 

15.7 

(–50.3, 81.8) 
0.638 - 

6.8 

(–59.3, 72.8) 
0.839 

MHMR group 

vs. Placebo 

group 

- 
75.2 

(–86.2, 236.5) 
0.355 - 

–62.5 

(–129.8, 4.7) 
0.068 - 

–42.2 

(–108.6, 24.2) 
0.211 

Left in 

baPWV 

(cm/s) 

Placebo group 20 1177.7 (213.4) - 20 1301.6 (28.7) - 20 1276.0 (28.7) - 

MH group 20 1236.9 (305.2) - 22 1319.5 (27.2) - 22 1297.0 (27.2) - 

MHMR group 20 1277.9 (281.6) - 21 1223.4 (27.9) - 22 1223.7 (27.3) - 

MH group vs. 

Placebo group 
- 

59.2 

(–108.3, 226.8) 
0.482 - 

17.9 

(–60.5, 96.3) 
0.652 - 

21.0 

(–57.4, 99.4) 
0.596 

MHMR group 

vs. Placebo 

group 

- 
100.2 

(–67.3, 267.8) 
0.236 - 

–78.2 

(–158.1, 1.7) 
0.055 - 

–52.4 

(–131.4, 26.7) 
0.192 

h-CRP 

(mg/dL) 

Placebo group 20 0.09 (0.15) - 20 0.20 (0.12) - 20 0.14 (0.12) - 

MH group 20 0.09 (0.10) - 22 0.36 (0.12) - 22 0.09 (0.12) - 

MHMR group 20 0.06 (0.08) - 21 0.03 (0.12) - 22 0.05 (0.12) - 

MH group vs. 

Placebo group 
- 

0.00 

(–0.07, 0.07) 
0.959 - 

0.16 

(–0.17, 0.50) 
0.334 - 

–0.05 

(–0.38, 0.29) 
0.780 

MHMR group 

vs. Placebo 

group 

- 
–0.03 

(–0.10, 0.04) 
0.382 - 

–0.17 

(–0.51, 0.17) 
0.336 - 

–0.09 

(–0.42, 0.25) 
0.614 

 

Data at time point “Scr” are presented as mean and standard deviation (SD). Data after the intervention (at “4w” and 

“8w”) are presented as estimated marginal mean (EMM) and standard error (SE). *P < 0.05 
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Table 2. Variations in vascular function indicators in PPS (Continued).  

  Scr   4w   8w  

n 

Mean (SD) 
P 

value 
n 

EMM (SE) 
P 

value 
n 

EMM (SE) 
P 

value 
Difference 

(95% CI) 

Difference 

(95% CI) 

Difference 

(95% CI) 

sVCAM-1 

(ng/mL) 

Placebo group 20 525.7 (77.5) - 20 563.3 (28.1) - 20 525.7 (28.1) - 

MH group 20 577.3 (112.2) - 22 584.2 (26.3) - 22 548.4 (26.3) - 

MHMR group 20 579.2 (111.4) - 21 541.5 (26.7) - 22 527.7 (26.3) - 

MH group vs. 

Placebo group 
- 

51.6 

(–11.6, 114.9) 
0.108 - 

20.9 

(–56.3, 98.2) 
0.591 - 

22.7 

(–54.4, 99.9) 
0.559 

MHMR group 

vs. Placebo 

group 

- 
53.6 

(–9.7, 116.8) 
0.095 - 

–21.7 

(–99.8, 56.4) 
0.581 - 

2.0 

(–75.3, 79.3) 
0.958 

E-selectin 

(ng/mL) 

Placebo group 20 25.3 (9.1) - 20 24.0 (1.1) - 20 23.5 (1.1) - 

MH group 20 26.4 (11.1) - 22 24.9 (1.0) - 22 24.0 (1.0) - 

MHMR group 20 27.6 (13.6) - 21 24.4 (1.0) - 22 22.8 (1.0) - 

MH group vs. 

Placebo group 
- 

1.1 

(–6.0, 8.2) 
0.757 - 

0.8 

(–2.1, 3.7) 
0.585 - 

0.5 

(–2.4, 3.5) 
0.710 

MHMR group 

vs. Placebo 

group 

- 
2.3 

(–4.8, 9.4) 
0.513 - 

0.3 

(–2.6, 3.3) 
0.837 - 

–0.7 

(–3.6, 2.2) 
0.644 

 

Data at time point “Scr” are presented as mean and standard deviation (SD). Data after the intervention (at “4w” and 

“8w”) are presented as estimated marginal mean (EMM) and standard error (SE). *P < 0.05 

 

RESULTS  

Analysis Set: Figure 1 shows the flowchart of this study. 

Two participants in the placebo group failed to show up 

for the examination at 4w and hence were excluded from 

the analysis dataset. The 64 participants in the final 

efficacy and safety analysis datasets were included in the 

PPS (22 participants in the MR group, 22 in the MHMR 

group, and 20 in the placebo group).  

Furthermore, we exploratorily selected and 

analyzed a subgroup of participants whose left baPWV 

was ≥1232.5 cm/s at baseline in the PPS. The baPWV of 

1232.5 cm/s was the average value for the entire PPS. 

Table 1 provides a summary of the participants’ 

background factors. BMI, diastolic blood pressure, and 

pulse rate were significantly different between groups. 

 

PPS: We did not detect group differences in vascular 

endothelial function, blood flow, h-CRP, sVCAM-1, and E-

selectin. However, the average of the right and left 

baPWV at 4w was significantly lower in the MHMR group 

than in the placebo group (Placebo group, 1292.0 ± 

25.0 cm/s; MHMR group, 1220.4 ± 24.4 cm/s; Group 

difference and 95%CI, –71.6 cm/s [–141.3, – 1.9]; P = 

0.044; Table 2). This finding suggested that MHMR 

partially improved vascular function. 

 

Subgroup (baPMW ≥1232.5 cm/s in PPS): Results in the 

subgroup showed that MHMR group significantly 

improved FMD (8w: Placebo group, 4.0 ± 0.7%; MHMR 

group, 5.9 ± 0.6%; Group difference and 95% CI, 1.9% 

[0.1, 3.6]; P = 0.041), maxAD (8w: Placebo group, 0.15 
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±0.02 mm; MHMR group, 0.22 ± 0.02 mm; Group 

difference and 95% CI, 0.07 mm [0.00, 0.13]; P = 0.040), 

baPWV (Average of both legs at 4w: Placebo group, 

1529.3 ± 40.2 cm/s; MHMR group, 1405.0 ± 34.2 cm/s; 

Group difference and 95% CI, –124.2 cm/s [–230.8, –

17.7]; P = 0.023; Average of both legs at 8w: Placebo 

group, 1528.7 ± 40.2 cm/s; MHMR group, 1391.1 ± 34.2 

cm/s; Group difference and 95% CI, –137.6 cm/s [–244.1, 

–31.1]; P = 0.012; Right leg at 8w: Placebo group, 1525.5 

± 39.9 cm/s; MHMR group, 1399.2 ± 34.0 cm/s; Group 

difference and 95% CI, –126.3 cm/s [–232.0, –20.7]; P = 

0.020; Left leg at 4w: Placebo group, 1543.7 ± 45.9 cm/s; 

MHMR group, 1400.9 ± 39.0 cm/s; Group difference and 

95% CI, –142.7 cm/s [–264.5, –21.0]; P = 0.023; Left leg at       

 

8w: Placebo group, 1531.6 ± 45.9 cm/s; MHMR group, 

1382.4 ± 39.0 cm/s; Group difference and 95% CI, –149.1 

cm/s [–270.9, –27.4]; P = 0.017) and E-selectin (8w: 

Placebo group, 27.1 ± 1.4 ng/mL; MHMR group, 23.2 ± 

1.2 ng/mL; Group difference and 95% CI, –3.8 ng/mL [–

7.5, –0.1]; P = 0.043) compared with the placebo group 

(Table 3).  

The subgroup analysis results suggested that MHMR 

had a more beneficial effect on vascular function than 

MH alone. 

 

Safety Assessment: The continuous ingestion of the test 

foods did not result in any side effects or adverse effects 

during the study. 

 

Table 3. Variations in vascular function indicators in the subgroup (baPMW≥1232.5 cm/s in PPS). 
 

  Scr   4w   8w  

n 

Mean (SD) 
P 

value 
n 

EMM (SE) 
P 

value 
n 

EMM (SE) 
P 

value 
Difference 

(95% CI) 

Difference 

(95% CI) 

Difference 

(95% CI) 

FMD (%) Placebo 

group 
9 6.0 (1.0) - 9 5.3 (0.7) - 9 4.0 (0.7) - 

MH group 9 6.0 (2.5) - 9 7.1 (0.7) - 9 4.9 (0.7) - 

MHMR 

group 
12 6.1 (2.2) - 12 5.2 (0.6) - 12 5.9 (0.6) - 

MH group 

vs. Placebo 

group 

- 
0.0 

(–1.9, 2.0) 
0.982 - 

1.8 

(–0.1, 3.7) 
0.060 - 

0.9 

(–1.0, 2.8) 
0.369 

MHMR 

group vs. 

Placebo 

group 

- 
0.2 

(–1.7, 2.0) 
0.864 - 

–0.1 

(–1.9, 1.7) 
0.928 - 

1.9 

(0.1, 3.6) 
0.041* 

Maximum 

expansion 

width of 

the blood 

vessel 

(mm) 

Placebo 

group 
9 0.22 (0.06) - 9 0.21 (0.02) - 9 0.15 (0.02) - 

MH group 9 0.24 (0.08) - 9 0.25 (0.02) - 9 0.19 (0.02) - 

MHMR 

group 
12 0.22 (0.08) - 12 0.20 (0.02) - 12 0.22 (0.02) - 

MH group 

vs. Placebo 

group 

- 
0.01 

(–0.06, 0.09) 
0.679 - 

0.04 

(–0.03, 0.11) 
0.276 - 

0.04 

(–0.03, 0.11) 
0.284 
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  Scr   4w   8w  

n 

Mean (SD) 
P 

value 
n 

EMM (SE) 
P 

value 
n 

EMM (SE) 
P 

value 
Difference 

(95% CI) 

Difference 

(95% CI) 

Difference 

(95% CI) 

MHMR 

group vs. 

Placebo 

group 

- 
0.00 

(–0.07, 0.06) 
0.898 - 

–0.01 

(–0.07, 0.06) 
0.764 - 

0.07 

(0.00, 0.13) 
0.040* 

Resting 

vessel 

diameter 

(mm) 

Placebo 

group 
9 3.7 (0.6) - 9 4.1 (0.2) - 9 4.0 (0.2) - 

MH group 9 4.1 (0.6) - 9 3.8 (0.2) - 9 4.1 (0.2) - 

MHMR 

group 
12 3.6 (0.6) - 12 3.9 (0.2) - 12 3.9 (0.2) - 

MH group 

vs. Placebo 

group 

- 
0.3 

(–0.2, 0.9) 
0.227 - 

–0.3 

(–0.9, 0.4) 
0.405 - 

0.1 

(–0.5, 0.8) 
0.692 

MHMR 

group vs. 

Placebo 

group 

- 
–0.1 

(–0.7, 0.4) 
0.681 - 

–0.2 

(–0.8, 0.4) 
0.459 - 

–0.1 

(–0.7, 0.5) 
0.685 

Blood flow 

volume 

(mL/min) 

Placebo 

group 
9 12.0 (3.0) - 9 10.3 (3.1) - 9 9.1 (3.1) - 

MH group 9 8.8 (2.9) - 9 16.4 (3.1) - 9 9.8 (3.1) - 

MHMR 

group 
12 10.6 (2.9) - 12 13.9 (2.6) - 12 8.6 (2.6) - 

MH group 

vs. Placebo 

group 

- 
–3.2 

(–6.1, –0.4) 
0.028* - 

6.2 

(–3.0, 15.4) 
0.184 - 

0.7 

(–8.5, 9.9) 
0.882 

MHMR 

group vs. 

Placebo 

group 

- 
–1.4 

(–4.1, 1.3) 
0.290 - 

3.7 

(–4.4, 11.7) 
0.364 - 

–0.4 

(–8.5, 7.6) 
0.918 

 

Data at time point “Scr” are presented as mean and standard deviation (SD). Data after the intervention (at “4w” and 

“8w”) are presented as estimated marginal mean (EMM) and standard error (SE). *P < 0.05 

 

Table 3. Variations in vascular function indicators in the subgroup (baPMW≥1232.5 cm/s in PPS (Continued).  

  Scr   4w   8w  

n 

Mean (SD) 
P 

value 
n 

EMM (SE) 
P 

value 
n 

EMM (SE) 
P 

value 
Difference 

(95% CI) 

Difference 

(95% CI) 

Difference 

(95% CI) 

Average 

of right 

and left 

in 

Placebo 

group 
9 1,365.9 (135.0) - 9 1,529.3 (40.2) - 9 1,528.7 (40.2) - 

MH group 
9 1,497.1 (292.1) - 9 1,521.5 (39.9) - 9 1,496.6 (39.9) - 
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  Scr   4w   8w  

n 

Mean (SD) 
P 

value 
n 

EMM (SE) 
P 

value 
n 

EMM (SE) 
P 

value 
Difference 

(95% CI) 

Difference 

(95% CI) 

Difference 

(95% CI) 

baPWV 

(cm/s) 

MHMR 

group 
12 1,456.3 (226.9) - 12 1,405.0 (34.2) - 12 1,391.1 (34.2) - 

MH group 

vs. Placebo 

group 

- 
131.2 

(–88.6, 351.0) 
0.231 - 

–7.7 

(–123.0, 107.6) 
0.893 - 

–32.1 

(–147.4, 83.2) 
0.578 

MHMR 

group vs. 

Placebo 

group 

- 
90.4 

(–115.2, 296.1) 
0.375 - 

–124.2 

(–230.8, –17.7) 
0.023* - 

–137.6 

(–244.1, –31.1) 
0.012* 

Right in 

baPWV 

(cm/s) 

Placebo 

group 
9 1,366.2 (154.8) - 9 1,512.6 (39.9) - 9 1,525.5 (39.9) - 

MH group 9 1,490.9 (289.7) - 9 1,507.9 (39.7) - 9 1,477.4 (39.7) - 

MHMR 

group 
12 1,444.8 (216.3) - 12 1,409.4 (34.0) - 12 1,399.2 (34.0) - 

MH group 

vs. Placebo 

group 

- 
124.7 

(–93.8, 343.1) 
0.252 - 

–4.7 

(–119.1, 109.8) 
0.935 - 

–48.0 

(–162.5, 66.4) 
0.403 

MHMR 

group vs. 

Placebo 

group 

- 
78.6 

(–125.8, 283.0) 
0.437 - 

–103.2 

(–208.9, 2.4) 
0.055 - 

–126.3 

(–232.0, –20.7) 
0.020* 

Left in 

baPWV 

(cm/s) 

Placebo 

group 
9 1364.8 (123.1) - 9 1543.7 (45.9) - 9 1531.6 (45.9) - 

MH group 9 1502.9 (295.6) - 9 1535.9 (45.4) - 9 1515.4 (45.4) - 

MHMR 

group 
12 1467.4 (239.5) - 12 1400.9 (39.0) - 12 1382.4 (39.0) - 

MH group 

vs. Placebo 

group 

- 
138.1 

(–86.1, 362.4) 
0.217 - 

–7.8 

(–139.3, 123.7) 
0.905 - 

–16.2 

(–147.7, 115.3) 
0.806 

MHMR 

group vs. 

Placebo 

group 

- 
102.6 

(–107.1, 312.4) 
0.324 - 

–142.7 

(–264.5, –21.0) 
0.023* - 

–149.1 

(–270.9, –27.4) 
0.017* 

h-CRP 

(mg/dL) 

Placebo 

group 
9 0.07 (0.07) - 9 0.25 (0.26) - 9 0.10 (0.26) - 

MH group 9 0.11 (0.09) - 9 0.82 (0.26) - 9 0.11 (0.26) - 

MHMR 

group 
12 0.07 (0.09) - 12 0.02 (0.22) - 12 0.05 (0.22) - 

MH group 

vs. Placebo 

group 

- 
0.04 

(–0.04, 0.12) 
0.301 - 

0.57 

(–0.17, 1.32) 
0.127 - 

0.00 

(–0.74, 0.75) 
0.996 

MHMR 

group vs. 
- 

0.00 

(–0.08, 0.07) 
0.987 - 

–0.23 

(–0.92, 0.45) 
0.495 - 

–0.06 

(–0.74, 0.63) 
0.872 
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  Scr   4w   8w  

n 

Mean (SD) 
P 

value 
n 

EMM (SE) 
P 

value 
n 

EMM (SE) 
P 

value 
Difference 

(95% CI) 

Difference 

(95% CI) 

Difference 

(95% CI) 

Placebo 

group 
 

Data at time point “Scr” are presented as mean and standard deviation (SD). Data after the intervention (at “4w” and 

“8w”) are presented as estimated marginal mean (EMM) and standard error (SE). *P < 0.05 

 

Table 3. Variations in vascular function indicators in the subgroup (baPMW≥1232.5 cm/s in PPS (Continued). 

  Scr   4w   8w  

n 

Mean (SD) 
P 

value 
n 

EMM (SE) 
P 

value 
n 

EMM (SE) 
P 

value 
Difference 

(95% CI) 

Difference 

(95% CI) 

Difference 

(95% CI) 

sVCAM-1 

(ng/mL) 

Placebo group 9 558.2 (74.5) - 9 575.3 (53.2) - 9 510.2 (53.2) - 

MH group 9 535.3 (75.6) - 9 633.8 (53.9) - 9 577.9 (53.9) - 

MHMR group 
12 576.7 (86.1) - 12 433.5 (623.1) - 12 

422.9 

(612.5) 
- 

MH group vs. 

Placebo group - 
–22.9 

(–100.0, 54.2) 
0.548 - 

58.5 

(–95.6, 212.6) 
0.445 - 

67.8 

(–86.4, 

221.9) 

0.377 

MHMR group 

vs. Placebo 

group 

- 
18.4 

(–53.7, 90.6) 
0.604 - 

–47.0 

(–190.9, 96.9) 
0.511 - 

7.5 

(–136.4, 

151.5) 

0.916 

E-selectin 

(ng/mL) 

Placebo group 9 26.8 (9.1) - 9 26.7 (1.4) - 9 27.1 (1.4) - 

MH group 9 32.6 (10.1) - 9 25.2 (1.4) - 9 25.5 (1.4) - 

MHMR group 12 28.2 (9.7) - 12 24.3 (1.2) - 12 23.2 (1.2) - 

MH group vs. 

Placebo group 
- 

5.7 

(–3.6, 15.0) 
0.218 - 

–1.5 

(–5.5, 2.6) 
0.466 - 

–1.6 

(–5.6, 2.5) 
0.436 

MHMR group 

vs. Placebo 

group 

- 
1.4 

(–7.3, 10.1) 
0.747 - 

–2.3 

(–6.0, 1.3) 
0.205 - 

–3.8 

(–7.5, –0.1) 
0.043* 

 

Data at time point “Scr” are presented as mean and standard deviation (SD). Data after the intervention (at “4w” and“ 8w”) 

are presented as estimated marginal mean (EMM) and standard error (SE). *P < 0.05

  

DISCUSSION 

In this study, we examined the effect of MH alone, or in 

combination with MR, on FMD. The PPS analysis showed 

that post-intervention FMD was consistently higher in  

 

 

both the MHMR and MH groups than in the placebo 

group. In addition, the left and right baPWV averages at 

4w were significantly lower in the MHMR group than in 
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the placebo group. The left and right baPWV at 4w also 

tended to be lower in the MHMR group than in the 

placebo group. 

PWV is a highly reproducible measure for evaluating 

vascular endothelial dysfunction and arterial stiffness. A 

pulsatile wave is transmitted to the periphery by the 

arterial pulsation produced by the ejection of blood from 

the heart. Arteries with superior extensibility buffer the 

pulsatile component. As a marker for arterial stiffness, 

PWV rises with loss of elasticity and intimal thickening of 

arteries caused by age-related changes such as (1) 

rupture of elastin in the arterial tunica media, (2) increase 

in extracellular matrix in the endothelium, and (3) 

hypertrophy and proliferation of vascular smooth 

muscles [17]. Although PWV has the disadvantage of 

including the effects of changes in blood pressure, it is a 

widely used clinical indicator because of its simplicity 

[17]. A 100 cm/s increase in baPWV has been reported to 

increase the risk of developing vascular disease by 12% 

[30].  

Compared with the placebo group, the MHMR 

group had a lower baPWV (−71.6 cm/s), suggesting an 

improvement in vascular function. Although some 

studies suggest a baPWV borderline of 14 to 18 m/s 

[31,32], others recommend a cut-off value of about 12 

m/s [33–36]. Since the mean value of baPWV in this study 

was 1232.5 cm/s, we performed an additional analysis in 

participants with baPWV values higher than that mark. 

FMD values at 8w were significantly higher in the MHMR 

group than in the placebo group. No difference was 

observed in the MH group. In this subgroup, placebo 

increased baPWV; it may be due to aging and 

cardiovascular risk factors [17]. Conversely, MHMR intake 

significantly decreased baPWV.  

The normal endothelial function cutoff value of 

FMD for the brachial arteries was considered to be 7.1% 

by Maruhashi et al. [37], and Kajikawa and Higashi [38] 

assessed vascular dysfunction and the border zone 

according to FMD as follows: abnormal, <4.0%; 

borderline, between ≥4.0% and <7.0%; and normal, 

≥7.0%. Although our data in the subgroup analysis 

showed that the mean FMD of both the MHMR and 

placebo groups was at the borderline level, the value of 

the placebo group was close to the abnormal level, and 

the value of the MHMR group was within the borderline 

range. A meta-analysis by Inada et al. [39] reported that 

a 1% increase in FMD was associated with a 13% 

reduction in the risk of developing cardiovascular events. 

The between-group difference (MHMR group minus 

placebo group) in FMD at 8w was 1.9%; hence, we 

considered that the significant difference in FMD 

between the MHMR group and the placebo group was 

medically meaningful. 

Possible mechanisms for the effects on FMD include 

antioxidant and anti-inflammatory effects, stimulation of 

NO production in vascular endothelial cells, 

sympathomimetic effects, and suppression of damage 

involving vascular endothelial cells by MH and/or MR. 

Oxidative stress and inflammatory cytokines are known 

factors that impair vasodilatory function [40]. Hesperidin 

has been shown to exhibit antioxidant and anti-

inflammatory effects in various cell and animal studies 

[15]. MH, a derivative of hesperidin, has been found to 

enhance the gene expression of endothelial NO synthase 

(eNOS), a NOS characteristic of the vascular endothelium, 

and promote NO production in cellular studies using 

human umbilical vein endothelial cells (HUVECs) [41]. 

Furthermore, in animal studies, MH has been reported to 

inhibit sympathetic nerves that control the perfusion of 

skin surface capillaries [42]. Another cell study using 

bovine aortic endothelial cells suggested that hesperidin 

inhibits vascular cell adhesion of monocytes and damage 

to the vascular endothelium via suppression of vascular 

cell adhesion molecule expression induced by 

inflammatory cytokines [43]. An inhibitory effect on 

vascular cell adhesion molecules was also confirmed in 
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this study with E-selectin, a type of vascular cell adhesion 

molecule, being significantly lower in the MHMR group 

than in the placebo group at 8w. Rutin and rutin 

glycosides (MR included) have exhibited radical 

scavenging activity in in vitro studies and been shown to 

inhibit the production of inflammatory cytokines, such as 

tumor necrosis factor-α and interleukin-6, in 

macrophage-like cell lines [44]. In HUVECs, Ugusman et 

al. [20] reported that rutin promoted the expression and 

activity of eNOS. Moreover, in a model of contraction 

stimulation of the aortic rings in rats, rutin was found to 

relax the aortic rings in a concentration-dependent 

manner [45].  

One of the limitations of this study was that the 

improvement in FMD by MH in combination with MR was 

observed in the subgroup only. Further studies on 

vascular function targeting other biomarkers may 

elucidate the beneficial effects of MH in combination 

with MR.  

 

CONCLUSION 

This study examined the effects of 8 weeks continuous 

intake of MH alone, or in combination with MR, on 

vascular function in healthy individuals. Although the 

results showed that there was no effect on FMD in the 

PPS, the left-right average of baPWV after the 4-week 

intervention was significantly lower in the group that 

consumed MH in combination with MR (MHMR), 

suggesting an improvement in vascular function. When 

the effects of MHMR were examined in the PPS with 

participants having baPWV ≥1232.5 cm/s, FMD was 

significantly higher, and baPWV and E-selectin, an 

inflammatory marker, were significantly lower after the 8-

week intervention. These results indicate that 

consumption of MHMR improves vascular flexibility and 

may help reduce cardiovascular risks.  
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NO, nitric oxide; baPWV, brachial-ankle pulse wave 
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contract research organization; 4w, 4 weeks; 8w, 8 weeks; 

rAD, resting artery diameter; maxAD, maximum post-

avascularization artery diameter, h-CRP, high-sensitivity 

C-reactive protein; sVCAM-1, soluble vascular cell 

adhesion molecule 1; SD, standard deviation; EMM, 

estimated marginal mean; CI, confidence interval; eNOS, 

endothelial nitric oxide synthase; HUVECs, human 

umbilical vein endothelial cells 
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