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Abstract 
Background: Capillary blood flow supplies oxygen and nutrients to tissues 
throughout the body and removes metabolic waste; however, it declines with 
unhealthy lifestyles and aging. Therefore, maintaining adequate capillary 
blood flow is important. In this study, we aimed to evaluate the effects of con-
suming food containing pine bark extract on capillary blood flow in healthy 
adults. Methods: A randomized, double-blind, placebo-controlled, parallel-
group study was conducted to evaluate the effect of pine bark extract on capil-
lary blood flow in healthy participants. Fifty healthy women aged 40 - 59 years 
who were troubled by cold sensitivity were enrolled and randomly assigned to 
two groups. The active food group consumed food containing pine bark ex-
tract (2.4 mg/day as procyanidins B1 and B3) for 8 weeks, whereas the placebo 
food group consumed food without pine bark extract for the same period. The 
primary outcome was capillary blood flow velocity. The secondary outcome 
was capillary congestion, which was evaluated by a physician using a visual 
analog scale (VAS) based on capillary images. Results: After 8 weeks, com-
pared with the placebo food group, the active food group showed a significant 
increase in capillary blood flow velocity and a significant decrease in capillary 
congestion. No adverse events related to the test food were observed. Conclu-
sions: Intake of food containing pine bark extract may improve capillary 
blood flow in healthy women troubled by cold sensitivity. 
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1. Introduction 

The vasculature consists of arteries, veins, and capillaries distributed throughout 
the body. Capillaries supply oxygen and nutrients to tissues and collect metabolic 
waste [1]. 

Unhealthy dietary habits, smoking, sleep deprivation, aging, and obesity have 
been associated with reduced capillary blood flow velocity and volume [2] [3]. A 
decline in capillary blood flow reduces cellular metabolism and adversely affects 
tissue function [3] [4]. Furthermore, when the transport of heat produced in deep 
body sites to peripheral regions is hindered by reduced blood flow, skin tempera-
ture is not maintained, resulting in cold extremities [5]. Cold extremities cause 
neck and shoulder stiffness, fatigue, and impaired sleep quality [6] [7], thereby 
reducing quality of life (QOL). In Japan, many adult women across all age groups 
report awareness of cold extremities [8]. Therefore, maintaining normal capillary 
blood flow through lifestyle improvements is considered important for preserving 
QOL and overall health. 

Pine bark extract has been reported to be rich in polyphenols, particularly oli-
gomeric proanthocyanidins [9]. The main polyphenols in pine bark extract are 
procyanidins B1 and B3 [10]. Various physiological effects of pine bark extract 
have been reported, including antioxidant activity [11], cholesterol reduction [12], 
improvement of vascular endothelial function [13], and inhibition of platelet ag-
gregation [14]. In our exploratory open-label study, 8-week consumption of pine 
bark extract by healthy Japanese women aged 40 - 59 years with cold sensitivity 
significantly improved capillary blood flow velocity at the nailfold [15]. Therefore, 
in the present study, we aimed to confirm these findings using a randomized, dou-
ble-blind, placebo-controlled, parallel-group design in healthy Japanese women 
with cold sensitivity to confirm whether consumption of pine bark extract im-
proves capillary blood flow. 

2. Materials and Methods 
2.1. Study Design 

This study was conducted as a randomized, double-blind, placebo-controlled, 
parallel-group trial with an allocation ratio of 1:1 over an 8-week intake period. 
No methodological changes were made after study initiation. 

2.2. Study Participants and Setting 

Paid volunteers were recruited for this study. Healthy adults who met the inclu-
sion criteria and did not meet any of the exclusion criteria were eligible to partic-
ipate. Before study initiation, prospective participants received a full explanation 
of the study and provided written informed consent. 

The inclusion criteria were as follows: 1) Healthy females aged 40 to 59 years-
old.; 2) Subjects who aware of coldness.; 3) Subjects who can make self-judgment 
and are voluntarily giving written informed consent. 
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The exclusion criteria were as follows: 1) Subjects who were diagnosed with 
serious disease (e.g., diabetes, liver disease, kidney disease, digestive disease, heart 
disease, respiratory disease and/or peripheral vascular disease); 2) Subjects who 
had a gastrointestinal surgery; 3) Subjects with strange finger conditions at meas-
urement points (like inflammation or injury); 4) Subjects with a disease currently 
under treatment; 5) Subjects with food allergies; 6) Subjects with anemic; 7) 
Women who are/might be pregnant or lactating during the current study periods; 
8) Subjects who play high intensity sports and/or are on a diet; 9) Subjects who 
have an extremely irregular eating habit, are shiftworker and/or midnight-shift 
worker; 10) Subjects who can’t stop using functional foods (including Food for 
Specified Health Uses or Foods with Function Claims) and/or Specified quasi-
drugs during the current study periods; 11) Subjects who are under treatment with 
medications (including OTC and/or pre-scribed medications); 12) Subjects who 
have excessive alcohol intake more than approximately 60 g/day of pure alcohol 
equivalent, habit of drinking not less than 5 days a week, or can’t stop drinking 
from the days before each measurement; 13) Subjects who smoke 21 or more cig-
arettes a day, or cannot quit smoking during from waking to inspection com-
pleted; 14) Subjects who can’t stop their manicure or false nail during the current 
study periods; 15) Subjects who are participating in other studies or planning to 
participate at the start of the current study; 16) Subjects who are judged as unsuit-
able for the current study by the investigator for other reasons. 

This study was approved by “The Ethics Committee of Miura Clinic, Medical 
Corporation Kanonkai” (Chair: Masaaki Nishi) (approval date: January 30, 2025) 
and was conducted in accordance with the “Declaration of Helsinki” (amended 
October 2013) and “Ethical Guidelines for Medical and Biological Research In-
volving Human Subjects” (partially revised March 27, 2023). The study was per-
formed under physician supervision at the Miura Clinic. The study protocol was 
registered with the clinical trial registry operated by the University Hospital Med-
ical Information Network (UMIN000057143; trial name: “A Study on the Effect 
of Food Containing Plant Extract on Capillary Blood Flow-A Randomized, Dou-
ble-blind, Placebo controlled, Parallel-group Study-”). 

2.3. Intervention 

During the study, the intervention consisted of continuous intake of the test food 
for 8 weeks. The active food was prepared by tableting a mixture of pine bark 
extract (Toyo Shinyaku Co., Ltd.), powdered reduced maltitol, microcrystalline 
cellulose, sucrose fatty acid ester, and silicon dioxide. For the placebo food, the 
pine bark extract in the active formulation was replaced with caramel coloring to 
ensure indistinguishable appearance from the active food. 

The daily intake of both the active food and placebo food was two tablets (250 
mg × 2 tablets). During the intake period, participants consumed two tablets of 
the assigned test food once daily with water or lukewarm water. The caloric and 
nutrient compositions per recommended daily intake are shown in Table 1. The 
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amounts of pine bark-derived procyanidins B1 and B3 in the active food were 2.4 
mg per day. 

 
Table 1. Analysis of nutrient composition values of test food. 

 
Placebo food 

(2 tablets) 
Active food 
(2 tablets) 

Energy (kcal)a 2 2 

Protein (g)b 0 0 

Fat (g) 0.02 0.02 

Carbohydrate (g) 0.5 0.5 

Sodium (g) 0.004 0.0002 

Pine Bark-Derived Procyanidins B1 and B3 (mg) 0.000 2.4 

a. Calorie conversion factors: protein, 4; fat, 9; carbohydrates, 4. b. Nitrogen protein con-
version factor: 6.25. 

2.4. Test Items 

The primary outcome was capillary blood flow velocity, and the secondary out-
come was capillary congestion. These parameters were evaluated at three time 
points: before intake (baseline), after 4 weeks, and after 8 weeks. No changes to 
the outcome measures were made after study initiation. Capillary blood flow ve-
locity was measured at the nailfold of the ring finger on the non-dominant hand 
in the seated position after a rest period, using a capillary imaging device (GOKO 
Bscan-ZD; GOKO Imaging Devices Co., Ltd.). Image analyses were performed 
using analysis software (GOKO-VIP and GOKO Measure Plus; GOKO Imaging 
Devices Co., Ltd.). Capillary congestion was evaluated by a physician using a 100-
mm visual analog scale (VAS) based on capillary images, with the left end labeled 
“not congested at all” and the right end labeled “very congested.” The VAS score 
was quantified as the distance from the left end. 

Participants were provided with a diary and instructed to record daily through-
out the intake period the following information: (1) test food intake status; (2) 
physical condition; (3) intake of medicines and health foods; and (4) alcohol con-
sumption, exercise, and smoking status. 

2.5. Number of Cases 

The target sample size was determined based on a previous report in which con-
tinuous intake of pine bark extract for 8 weeks (2.4 mg/day as pine bark-derived 
procyanidins B1 and B3) improved skin elasticity through improved blood flow 
as the mechanism of action because no randomized controlled trials (RCTs) ex-
isted evaluating capillary blood flow in healthy adults after administration of pine 
bark extract at the typical intake levels found in Japanese functional foods. The 
calculation used the change in skin elasticity from baseline (placebo food group: 
−0.073 ± 0.015; active food group: −0.003 ± 0.011) [16], with a significance level 
of 0.05 and statistical power of 80%. To account for potential dropouts and dis-
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continuations, the sample size was set at 25 participants per group (50 participants 
in total). 

2.6. Research Methods 

Paid volunteers were recruited, and participants were enrolled by the principal 
investigator according to the inclusion and exclusion criteria. A statistical analyst 
used computer-generated random numbers to allocate participants by block ran-
domization (block size of four), with age, body mass index (BMI), and capillary 
blood flow velocity used as adjustment factors. An allocation manager who was 
not directly involved in the study assigned the randomized participants to the ac-
tive food group or placebo food group. The allocation manager prepared and 
sealed a key code table listing the allocation results and kept it sealed until the 
analysis population was determined, thereby ensuring blinding of all study per-
sonnel except the allocation manager. Test food were individually packaged as 
two-tablet sachets in plain aluminum bags and distributed to ensure blinding of 
both participants and intervention providers. 

During the study, participants were instructed to avoid substantial changes in 
lifestyle habits, including diet, alcohol consumption, exercise, bedtime, and smok-
ing; refrain from excessive exercise and extreme dieting or overeating; and, in prin-
ciple, avoid the use of medicines (including OTC and prescription medicines), 
designated quasi-drugs, and health foods (including Foods for Specified Health 
Uses and Foods with Function Claims). Participants were also instructed, in prin-
ciple, to avoid topical medicines and to consult the testing institution in advance 
if unavoidable intake was necessary due to poor physical condition. Participants 
were required to abstain from alcohol consumption and excessive exercise from 
the day before until completion of each visit; to finish eating by 22:00 on the day 
before each visit and fast until the end of the visit (water or lukewarm water per-
mitted); to avoid pungent and stimulatory foods (e.g., curry, chili pepper, ginger, 
and Tabasco) at dinner on the day before each visit; to refrain from smoking from 
waking until the end of testing on visit days; and not to take the test food on visit 
days before coming to the clinic. In addition, participants were instructed to rec-
ord the amount of water consumed from waking on visit days and consume a 
similar amount at subsequent visits, as well as to avoid bathing (including show-
ers), devices that could excessively warm or cool the body, and massages before 
clinic visits. Except in emergency situations, participants were permitted to use 
medicines only with approval from the principal investigator or sub-investigator. 

2.7. Statistical Analysis 

The population analyzed was a Per-Protocol Set (PPS). Repeated-measures anal-
ysis of variance was performed to assess group-by-time interactions. Between-
group comparisons at each visit were conducted using two-tailed unpaired t-tests 
for both measured values and changes from baseline, and end-of-intake results 
were evaluated. The significance level was set at 5% for all tests. Statistical analyses 
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were performed using IBM SPSS Statistics version 28. Participant background 
characteristics are presented as mean ± standard deviation, whereas other data are 
presented as mean ± standard error. No additional analyses were conducted. 

3. Results 
3.1. Analysis Participants 

A total of fifty participants were enrolled. No dropouts occurred after randomiza-
tion, and the allocated interventions were implemented in 25 participants per 
group. During the study period, one participant in the active food group discon-
tinued participation for personal reasons unrelated to the test food, resulting in 
49 completers. After completion of the study, five participants met the rejection 
criteria, leaving 44 participants for analysis. The reasons for rejection were viola-
tions of study precautions during the study period (active food group, n = 1; pla-
cebo food group, n = 4). Analyses were performed according to the original group 
allocation. 

Recruitment through completion of follow-up was conducted from March 2025 
to July 2025, and the study was terminated after all participants completed follow-
up. The baseline characteristics of the analysis population are presented in Table 2, 
and the flow of participants from enrollment to analysis is shown in Figure 1.  
 

 
Figure 1. Flow diagram of progress through phases of randomized, double-blind, placebo-controlled, parallel-group study. 
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Table 2. Participant characteristics. 

Parameter 
Placebo food group Active food group 

(n = 21) (n = 23) 

Age (years old) 51.1 ± 5.3 51.1 ± 5.6 

Height (cm) 158.6 ± 6.5 158.6 ± 5.0 

Body weight (kg) 51.2 ± 9.6 53.0 ± 10.8 

BMI 20.3± 3.5 21.1 ± 3.9 

Capillary blood flow velocity (μm/s) 263.92 ± 188.87 230.27 ± 126.99 

Values are expressed as means ± SDs. No significant difference was observed.  

3.2. Analysis Results 

Capillary blood flow velocities are presented in Table 3. A significant group-by-
time interaction was observed. Between-group comparisons of both the measured 
values and changes from baseline showed that, at 8 weeks, the measured value and 
change from baseline were significantly higher in the active food group than in the 
placebo food group (measured value, P = 0.040; change from baseline, P = 0.011). 

 
Table 3. Test results for capillary blood flow velocity. 

Domain Group  Baseline 4 Weeks 8 Weeks 
P-value (Interactions 
between Groups and 

Time Points) 

Capillary 
blood flow 

velocity 
(µm/s) 

Placebo food 
(n = 21) 

Measured 263.92 ± 41.21 270.77 ± 41.16 249.89 ± 34.92 

P = 0.026 
Changes from baseline  6.84 ± 46.53 −14.04 ± 41.68 

Active food 
(n = 23) 

Measured 230.27 ± 26.48 359.18 ± 43.38 376.32 ± 47.36* 

Changes from baseline  128.90 ± 44.72 146.05 ± 43.39* 

Values are expressed as means ± SEs. *Significantly different from the placebo food group (P < 0.05). 
 

Capillary congestion results are presented in Table 4. A significant group-by-
time interaction was also observed. Between-group comparisons indicated that, at 
8 weeks, the change from baseline was significantly lower in the active food group 
than in the placebo food group (P = 0.025). 

 
Table 4. Test results for capillary congestion. 

Domain Group  Baseline 4 Weeks 8 Weeks 
P-value (Interactions 
between Groups and 

Time Points) 

Capillary 
congestion 

(mm) 

Placebo food 
(n = 21) 

Measured 51.78 ± 4.86 49.99 ± 4.39 50.16 ± 4.60 

P = 0.037 
Changes from baseline  −1.79 ± 2.11 −1.62 ± 1.50 

Active food 
(n = 23) 

Measured 56.85 ± 4.78 47.21 ± 4.28 46.86 ± 4.68 

Changes from baseline  −9.64 ± 3.30 −9.98 ± 3.16* 

Values are expressed as means ± SEs. *Significantly different from the placebo food group (P < 0.05). 
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3.3. Adverse Events 

During the study period, adverse events such as sore throat, rhinorrhea, and cold-
like symptoms were reported. All events were judged by the principal investigator 
to be unrelated to the test food. No serious adverse events were observed. 

4. Discussion 

In this randomized, double-blind, placebo-controlled, parallel-group study of 
healthy women aged 40 - 59 years with cold sensitivity, an 8-week intake of food 
containing pine bark extract significantly increases capillary blood flow velocity 
compared with the placebo food group and significantly improves capillary con-
gestion. Congestion, defined as stagnation of blood flow, refers to a state in which 
blood flow within capillaries or veins is impeded by factors such as thrombosis or 
microvascular dysfunction, resulting in increased residual blood volume at the af-
fected site. When congestion occurs, normal blood flow is hindered, leading to an 
insufficient supply of oxygen and nutrients to tissues [17]. Therefore, improve-
ments in capillary congestion support enhanced capillary blood flow. The ob-
served improvements in capillary blood flow velocity and congestion indicate that 
pine bark extract improves capillary blood flow. 

As blood moves from arteries to veins, it passes through the capillary network 
to deliver oxygen and nutrients to tissues. Blood flow depends on vascular char-
acteristics such as capillary diameter and density, blood viscosity, and vasoactive 
factors, including endothelial nitric oxide [1] [18]. Blood flow velocity and volume 
are known to decrease with aging, obesity, and unhealthy lifestyle habits [2] [3]. 
The mechanisms underlying the observed improvement in capillary blood flow 
following pine bark extract intake can be considered in light of existing 
knowledge. 

The low-density lipoprotein (LDL)-lowering and antioxidant effects on LDL 
provide one plausible explanation. LDL transports cholesterol in the blood; exces-
sive LDL increases blood viscosity and impairs blood fluidity or accumulates in 
vessel walls to cause stenosis, thereby reducing blood flow [19]. Elevated LDL lev-
els also increase oxidative stress, such as reactive oxygen species (ROS), which 
oxidize LDL and increase circulating oxidized LDL levels. In rats, intravenous ad-
ministration of oxidized LDL reduces microcirculatory blood flow [20] [21]. Hu-
man studies on pine bark extract report LDL-lowering and antioxidant effects [12] 
[22]. Therefore, pine bark extract may improve capillary blood flow through LDL 
reduction, suppression of oxidized LDL, and antioxidant effects on LDL. 

Another plausible mechanism involves improvement in platelet aggregation. 
Platelet aggregation, defined as the adhesive and aggregative function of platelets, 
is a determinant of blood fluidity and consequently influences blood flow velocity 
[23]. Pine bark extract improves platelet aggregation in healthy adults with high 
baseline platelet aggregation [14]. Thus, improvement of platelet aggregation may 
contribute to the observed enhancement of capillary blood flow. 

Improvements in vascular endothelial function also provide a plausible expla-
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nation. The endothelium regulates vascular structure and maintains the balance 
between vasoconstriction and vasodilation [3] [24], thereby modulating blood 
flow velocity and volume to ensure efficient delivery of oxygen and nutrients to 
peripheral tissues. Pine bark extract improves vascular endothelial function in 
healthy adults [13]. Therefore, enhancement of endothelial function may contrib-
ute to the observed improvement in capillary blood flow. 

Taken together, pine bark extract appears to improve capillary blood flow 
through LDL reduction, suppression of oxidized LDL, antioxidant effects on LDL, 
and improvements in platelet aggregation and endothelial function. 

The safety of pine bark extract is also confirmed. No adverse events attributable 
to the intake of food containing pine bark extract were observed, suggesting that 
long-term intake does not raise safety concerns. 

This study has several limitations. The study targets healthy women aged 40 - 
59 years with cold sensitivity; therefore, the effects in younger and older popula-
tions remain unclear. Future studies should include broader populations to fur-
ther confirm the effects of pine bark extract on capillary blood flow. Furthermore, 
since this study did not concurrently perform biomarkers tests or biochemical 
blood analyses—specifically blood tests measuring LDL levels, platelet aggrega-
tion capacity and vascular endothelial function—nor vascular function tests, the 
proposed mechanisms of action are speculative. 

5. Conclusion 

Food containing pine bark extract improves capillary blood flow in healthy women 
aged 40 - 59 years who are troubled by cold sensitivity. 
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