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Abstract

Introcuction: This study aimed to evaluate the effects of dark chocolate consumption on physical functions
(blood pressure, the fasting serum lipid profile, cognitive function, and markers of oxidative stress and inflammation)
in Japanese subjects.

Methods: The clinical trial included 385 healthy Japanese subjects aged 45-69 years, who were not taking
regular medication and had no history of allergy to cacao. All subjects ate 25 g of dark chocolate for 4 weeks, and 347
subjects completed the study.

Results: The backgrounds of the subjects are as follows; the average age was 55.0 + 6.5 years, and BMI was
22.5 + 3.2 kg/m2. Body weight and BMI remained almost unchanged during the 4 weeks. Consumption of dark
chocolate was found to decrease systolic and diastolic blood pressure significantly, increase HDL-cholesterol, and
improve a marker of cognitive function (brain-derived neurotrophic factor [BDNF]). Subjects with 8-hydroxy-2’-
deoxyguranosin (8-OHdG) concentration > 10.52 ng/mg creatinine at baseline (the highest quartile) were found to
have a reduction of 8-OHdG (a marker of oxidative stress) at the end of the study. We also observed a reduction of
high-sensitivity C-reactive protein (hs-CRP) concentration after consumption of dark chocolate by subjects in the
highest quartile (hs-CRP = 620 pg/L) at baseline. We assessed quality of life using SF-36v2®, and the scores indicated
improvement in the health-related quality of life.

Conclusion: Our study has shown that daily consumption of dark chocolate decreased blood pressure, and
increased HDL-cholesterol, BDNF and the score for quality of life. It is anticipated that regular consumption of
polyphenol-rich foods should lead to a decrease in the incidence of atherosclerotic disease and improvement of

cognitive function.
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Introduction

Cacao beans are used as an ingredient in cocoa and chocolate and are known to be rich in polyphenols, such
as catechin, epicatechin, procyanidin B2, procyanidin B5, procyanidin C1, cinnamtannin A2, and other oligomeric
procyanidins [1,2].

These compounds are antioxidants [3,4]. In a previous study, we showed that consumption of polyphenol-
rich fractions derived from cocoa powder increased the resistance of low density lipoprotein (LDL) to oxidation,
reduced LDL-cholesterol, and elevated HDL-cholesterol [5]. Marusu et al. reported that the cacao polyphenols
increased the HDL-cholesterol concentlation [6]. Many epidemiological studies have shown that cacao polyphenols
reduce the risk of coronary heart disease [7]. Either short-term administration of 100 g dark chocolate [8] or habitual
intake of 6.3 g dark chocolate [9] decreased blood pressure. Meta-analyses of randomized, controlled trials have been
performed to examine the effect of high-polyphenol chocolate on cardiovascular risk and hypertension [10-13]. In
addition, Hollenberg et al. (2009) reported that the Kuna Indians of Panama, who frequently drink cacao, have low
risks of cardiovascular disease and hypertension [14,15]. In addition, intake of cacao products and chocolate improved
the age-related cognitive disfunction [16] and cerebral blood flow [17]. However, these reports described the results of
clinical studies carried out in Europe and the United States. In Japan, the effects of dark chocolate have not been
evaluated. As exemplified by the difference in glucose tolerance between Asian Indians and Caucasians, ethnicity can
have significant effects on body metabolism [18]. Therefore, the aim of the present study was to examine the effects of

dark chocolate on blood pressure, oxidative stress, and inflammation in Japanese.
Materials and Methods

This pre-post trial was conducted at the Healthcare Systems, Aichi Gakuin University, Gamagori City
Hospital and Meiji. The study protocol was approved by the Human Ethics Committee of Gamagori City Hospital and
the study was conducted in accordance with the International Ethical Guidelines and Declaration of Helsinki
(UMIN000022168). We recruited subjects for public relations in Gamagori city. All subjects gave written informed
consent, and the study had full ethical and regulatory approval. Subjects were screened according to the following
criteria: age 45-69 years; no regular medication; no allergy to cacao. Three hundred and eighty-five subjects entered
the run-in period. Fourteen were later excluded because they had consumed less than 80 per cent of the prescribed

amount of chocolate, and another 24 were excluded on account of a contravention of the protocol.

The intervention lasted four weeks, at the beginning and end of which the subjects were submitted to clinical
and nutritional assessment. All were instructed to consume 25 g of dark chocolate (Meiji Co. Ltd., Tokyo, Japan;
containing 18 g of cacao, a total of 650 mg of polyphenols, and 150 kcal of energy). Subjects ate the chocolate freely.
The nutrient and polyphenols content are shown in Table 1. All subjects were admitted at the same time into the
Gamagori City Hospital. At baseline and four weeks, measurements were made of body weight, ambulatory blood
pressure, the fasting serum lipid profile (triglycerides, total cholesterol, HDL-cholesterol, and LDL-cholesterol), a
biomarker inflammation (high-sensitivity C-reactive protein, hs-CRP), and a biomarker of cognitive function (brain
derived neurotrophic factor, BDNF). Urine samples were collected at baseline and after four weeks at home and used
for analysis of creatinine and 8-hydroxy-2’-deoxyguanosine (8-OHdG), a biomarker of antioxidant status.

Lipid profile, serum hs-CRP, and urinary creatinine were assayed using standard laboratory techniques (LSI
Medience Corporation, Tokyo, Japan). Health-related quality of life was assessed using the validated Japanese
version MOS 36-Item Short-Form Health Survey (SF-36v2®) [19,20], which includes 36 items distributed in eight

dimensions: Physical Functioning, Role Physical, Bodily Pain, Vitality, Social Functioning, Role Emotional, Mental
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Health, and General Health. The results are scaled between 0 and 100, with higher values representing a higher
subjective quality of life.

Table 1: The nutrient content in dark chocolate

nutrient/100 g chocolate Content
Energy (kcal) 569
Protein (g) 10.7

Fat (g) 41.1
Carbohydrate (g) 33.5

Fiber (g) 11.5

Total polyphenols™ (g) 2.6

Total procyanidins™ (mg) 289
Catechin (mg) 40
Epicatechin (mg) 114
Procyanidin B2 (mg) 61
Procyanidin B5 (mg) 12
Procyanidin C1 (mg) 39
Cinnamtannin A2 (mg) 24
Theobromine (mg) 93
“iPrussian Blue method (epicatechin equivalent)

“2Total Procyanidins are the sum of catechin, epicatechin,
procyanidin b2, procyanidin c1 and ciinamtannin A2.These
substances were analyzed as epicatechin equivalent.

Blood pressure

At baseline and four weeks, blood pressure was measured using an automated sphygmomanometer (HBP-
9020, Omron, Japan) after at least 10 min in the sitting position.
Biomarkers

Quantitation of 8-OHdG in urine was measured by antibody chips (Healthcare Systems, Aichi, Japan) [21].
In brief, 8-OHdG-BSA conjugate was immobilized on the chip. The sample and the biotin-labeled anti-8-OHdG
antibody were applied to the chip, and a competitive reaction occurred between the immobilized 8-OHdG-BSA and
free 8-OHdG in the sample. Unbound anti-8-OHdG antibody was washed away, and alkaline phosphatase-labeled
streptavidin was applied. The amount of bound antibody was determined by chemiluminescence. 8-OHdG is a widely
used marker for oxidative damage to DNA. Quantitation of BDNF in serum was performed in the same manner as 8-
OHAG, except that the competitive reaction was replaced by a sandwich reaction. BDNF plays a role in the survival,
growth and maintenance of neurons.
Safety assessment

The following variables were measured in the blood samples collected at baseline and four weeks: serum
total protein, albumin, glucose, uric acid, urea nitrogen, creatinine, total bilirubin, aspartate aminotransferase,
alanine aminotransferase, gamma-glutamyl transpeptidase, alkaline phosphatase, lactate dehydrogenase, sodium
potassium, chloride, and calcium. All were assayed using standard laboratory techniques (LSI Medience
Corporation).
Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics for Windows, Version 22 (IBM, Tokyo,
Japan). Data were expressed as mean + SD (Standard Deviation). We compared data obtained at baseline with those
obtained at four weeks. Two readings for hs-CRP at baseline and one at four weeks were below the detection limit
(<40 pg/L) and seven at baseline and six at four weeks were above the limit (>5000 pg/L). Therefore, three

readings below the limit were converted to 20 pg/L and 13 above the limit were converted to 5000 pg/L. The
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Wilcoxson signed rank test was used for variables not having a normal distribution. We also performed two-way
repeated measures analysis of variance (ANOVA) to determine differences in blood pressure between the groups
(normal blood pressure or hypertension) and over time. When there are significant interactions between groups and
time, multiple comparisons are performed by unpaired t-tests with groups, and by paired t-tests with time. In all
analyses, P<0.05 was considered to be significant.

Results

Three hundred and forty-seven (male 123, female 224) participants completed the study, and were included
in the final analysis. Their average age was 55.0 + 6.5 years, and BMI was 22.5 + 3.2 kg/m?2.

Body weight and BMI remained almost unchanged during the four weeks (Table 2). The mean of systolic and
diastolic blood pressure was significantly lower at four weeks than at baseline, respectively (Table 2). When we
compared subjects with normal blood pressure and those with hypertension (diastolic = 140 mmHg or systolic > 90
mmHg), the induced changes differed significantly between the groups (Table 3) (P<0.001).

Table 2: Changes in characteristics of subjects during dark chocolate intake

tem ‘ All subjects (n=347%)
Baseline 4 weeks p-value?
Body weight (Kg) 58.44 + 11.06 58.46 + 10.92 0.601
BMI 22.54 + 3.23 22.56 + 3.20 0.601
Blood Pressure (mmHg)
Systolic 125.30 + 16.39 122.68 + 16.32 <0.001
Diastolic 78.76 + 12.90 76.88 + 12.55 <0.001
Pulse 72.75 £ 10.09 72.59 + 10.02 0.554
Cholesterol (mmol/L)
Total 212.69 + 31.38 213.61 + 31.13 0.279
HDL 67.86 £ 16.23 69.66 £ 16.39 <0.001
LDL 131.14 + 29.28 131.59 + 29.30 0.676
Triglyceride (mmol/L) 88.63 + 57.61 87.03 + 47.15 0.688
hs-CRP (ng/L) 0.058 + 0.090 0.058 + 0.082 0.134
S'Qigg;i/;ng 7.77 + 6.22 7.77 + 4.15 0.154
BDNF (ng/mL) 6.07 + 3.13 7.39 £ 5.87 0.005
Mean + SD, SD: Standard Deviation;
*Insulin:n=346, Hs-CRP: n=345, 8-OHdG: n=344;
aWilcoxon signed rank test

Table 3: Startified analyses of blood pressure

systolic BP 2 140 or diastolic | systolic BP<140 & diastolic
BP 2 90 BP<90 p-value»
Clinical test item
(n=82%) (n=265)
Baseline 4 weeks Baseline 4 weeks Time? | Groupc | Time x Group
systolic blood pressure (mmHg) 145.60 + 12.47 | 139.74 +13.99 | 119.02 * 11.69 117 + 13.05 <0.0014 | <0.001¢ 0.001
diastolic blood pressure (mmHg) 94.65 + 9.37 89.99 + 10.49 73.85 + 9.40 72.8 £10.14 | <0.001f | 0.001¢ 0.001

Mean+SD, SD: Standard Deviation;

aTwo-way repeated measure ANOVA;

bBaseline vs 4 weeks; multiple comparisons are performed by paired t-tests and calculation of Bonferroni-adjusted p-values with p<0.05;

csystolic BP 2 140 or diastolic BP = 90 vs systolic BP<140 & diastolic BP<90; multiple comparisons are performed by unpaired ¢-tests and

calculation of p-values with p<0.05 Bonferroni-adjusted;

dp=0.009 (systolic BP<140 & diastolic BP<90); p<0.001 (systolic BP = 140 or diastolic BP 2 90);

ep<0.001 at Baseline and gweeks, respectively;

fp=0.052 (systolic BP<140 & diastolic BP<90); p<0.001 (systolic BP = 140 or diastolic BP = 90)
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Serum total-cholesterol, HDL-cholesterol, LDL-cholesterol, and triglyceride concentrations at baseline and
four weeks are summarized in Table 2. HDL-cholesterol increased during the four-week period. The concentrations of
8-OHdG in urine, and of hs-CRP and BDNF in serum at baseline and four weeks are shown in Table 2. The
concentration of BDNF increased significantly, but those of 8-OHdG and hs-CRP did not change significantly.
Stratified analysis of 8-OHdG = 10.52 ng/mg creatinine, which concentration is the highest quartile of 8-OHdG
concentration at baseline in all subjects, showed that 8-OHdG concentrations at four weeks were significantly lower
than at baseline (Table 4). Stratified analysis of hs-CRP concentrations > 620 pg/L, which concentration is the
highest quartile of hs-CRP concentration at baseline in all subjects, showed that hs-CRP at four weeks was
significantly lower than at baseline (Table 4).

Table 4: Startified analyses of hs-CRP and 8-OHdG

Baseline 4 weeks p-value?
hs-CRP mg/dL 0.158 + 0.134 0.119 + 0.111 0.002
8-OHdG ng/mg creatinine 16.17 + 6.48 9.57 + 4.67 <0.001
Mean + SD, SD: Standard Deviation; * 8-OHdG: n=86; aWilcoxon signed rank test

The scores of SF-36v2 are shown in Table 5. The scores for bodily pain, general health perceptions, vitality,

role emotional, mental health and mental component score were significantly higher at four weeks than at baseline.

Table 5: Results of SF36-V2

Baseline 4 weeks p-value?

Physical functioning 52.53 £ 5.77 52.67 + 6.65 0.194
Role physical 53.18 + 5.62 53.28 £ 6.38 0.607
Bodily pain (BP) 52.4 + 8.51 54.56 + 8.35 <0.001
Social functioning 52.82 + 7.53 52.89 + 7.80 0.849
General health perceptions 52.67 + 8.71 53.53 + 8.18 0.032
Vitality 52.92 + 7.48 54.14 + 6.46 0.001
Role emotional 52.21 + 7.26 54.71 + 5.79 <0.001
Mental health 52.69 + 8.02 53.96 + 7.75 <0.001
Physical component summary 52.06 + 6.80 51.92 + 7.42 0.851
Mental component score 52.2 + 8.39 53.31+ 8.35 0.001
Role social component score 52.01 £ 7.62 53.01 + 7.23 0.071
aWilcoxon signed rank test

Discussion

We found that consumption of 25 g of dark chocolate daily for four weeks reduced systolic and diastolic
blood pressures in Japanese subjects. This result is consistent with the evidence from meta-analyses of randomized
trials that eating dark chocolate lowers blood pressure [10-13]. It has been suggested that the improvement of blood
pressure by chocolate is owing to its content of polyphenols. In previous studies, 100 g dark chocolate daily for two
weeks [8] and 6.3 g of dark chocolate daily for 18 weeks [9] reduced blood pressure. One hundred g of dark chocolate
contains 500 mg procyanidins (from monomer to pentamer) and 6.3 g of dark chocolate contains 30 mg
procyanidins. Twenty-five g of dark chocolate in the present study contained 75 mg cacao procyanidins (from
monomer to tetramer). So, improvement in blood pressure is estimated if subjects obtained a certain amount or more

with the amount procyanidins for the intake and duration.

Page 5 of 9 Volume 2, Article ID: 100012



Natsume M, Ishikawa H, Kawabe Y, Watanabe T, Osawa T (2018) Effects of dark chocolate Intake on Physical Functions in Japanese
Subjects. Adv Clin Transl Res 2: 100012.

The present study recorded a 3 mmHg reduction in systolic blood pressure and a 2 mmHg reduction in
diastolic. It has been estimated that a 3-mmHg reduction in systolic blood pressure would reduce the relative risk of
stroke mortality by eight per cent [22]. In hypertensive subjects (diastolic blood pressure > 140 mmHg or systolic
blood pressure > 90) there was a 5.9 mmHg reduction in systolic blood pressure and a 4.7 mmHg reduction in
diastolic.

Our study also showed that HDL-cholesterol concentration was increased by consumption of dark chocolate.
Other studies have provided evidence that the increase in plasma HDL-cholesterol produced by dark chocolate is
owing to the presence of cacao polyphenols [6]. Furthermore, our previous study found that consumption of 26 g
cocoa enriched with polyphenols for 12 weeks decreased LDL-cholesterol and LDL-oxidation, and increased HDL-
cholesterol [5]. The content of procyanidins in 26 g cocoa is 164.5 mg. The present study observed an increase in
HDL-cholesterol but did not observe a reduction of LDL-cholesterol or LDL oxidation. This may be owing to the fact
that the amount of procyanidins consumed was smaller, and the duration of the study shorter, than in the previous
study. We also observed a reduction of 8-OHdG concentration > 10.52 ng/mg creatinine which concentration is the
highest quartile of 8-OHdG concentration at baseline in all subjects. Urinary 8-OHdG concentration has been
reported to be correlated with atherosclerotic plaques in humans [23]. Oxidative stress in the body was reduced, and
reduction of the oxidative modification of LDL inferred. Subjects with hs-CRP concentration > 620 pg/L which
concentration is the highest quartile of hs-CRP concentration at baseline in all subjects were found to have a

reduction of hs-CRP, which is known to be a risk factor for future coronary heart disease [24].

These combined data showing an increase in HDL-cholesterol, a reduction of hs-CRP, and a reduction of 8-
OHAG suggest that chocolate consumption can contribute to the prevention of atherosclerosis and coronary heart

disease.

We assessed quality of life using the SF-36 v2. The scores for bodily pain, general health perceptions, vitality,
role emotional, mental health, and mental component were significantly increased by consumption of chocolate.
Others have found that consumption of cocoa of high polyphenol content reduced mental fatigue [25] and chronic
fatigue [26]. Thus, intake of dark chocolate may improve the quality of life. Additionally, we observed an increase in
the concentration of BDNF, a member of the neutrophic factor family that plays a key role in regulating the survival,
growth and maintenance of neurons [27]. A decrease in BDNF concentration in the brain and plasma has been
observed in patients with depression [28] and in those with Alzheimer’s disease [29], while an epidemiologic study
has provided evidence of a positive association between polyphenol intake and cognitive function [30]. Recently,
several reports found that consumption of cacao products with high polyphenol content improved cognitive function
[25,31-33]. Moreover, flavonoid-rich cocoa was found to increase cerebral blood flow measured by transcranial
doppler in healthy elderly humans [34]. The blood flow relates to endothelial NO synthesis [35]. Ingestion of cocoa
with enriched cacao polyphenols was associated with acute elevations of circulating NO species [36]. An increase in
plasma NO was also observed after consumption of cocoa with enriched cacao polyphenols for four weeks [37].
Epicatechin, the principal component of cacao polyphenol, elevated NO in endothelial cells [38]. A previous study
defined the relation between the consumption of procyanidins and the increase of BDNF [39]. Thus, the intake of
diets rich in polyphenols may increase the synthesis of NO in endothelial cells, lower blood pressure, increase BDNF
in plasma and brain, and improve cognitive function.

Our study found that consumption of dark chocolate had no effect on BMI or body weight. Although several
plasma biochemical analytes at four weeks were significantly higher than at baseline, they nevertheless remained

within the normal range.
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In conclusion, our study has shown that daily consumption of dark chocolate decreased blood pressure, and

increased HDL-cholesterol, BDNF and the score for quality of life. It is anticipated that regular consumption of

polyphenol-rich foods, such as cocoa, dark chocolate, fruits and vegetables, should lead to a decrease in the incidence

of atherosclerotic disease and improvement of cognitive function.

Acknowledgments

We sincerely thank Yukio Ohshiba, MD, Taketo Yamaji, Ph.D, Hiroyuki Ito, Ph.D, Meiji Co., Ltd.) and

Yosuke Takimoto (Healthcare Systems Co., Ltd.,) for the technical support and helpful suggestions in this study.

References

1.

10.

11.

12.

13.

Hatano T, Miyatake H, Natsume M, Osakabe N, Takizawa T, et al. (2002) Proanthocyanidin glycosides and
related polyphenols from cacao liquor and their antioxidant effects. Phytochemistry 59: 749-758.

Natsume M, Osakabe N, Yamagishi M, Takizawa T, Nakamura T, et al. (2000) Analyses of polyphenols in
cacao liquor, cocoa, and chocolate by normal-phase and reversed-phase HPLC. Biosci Biotechnol Biochem
64: 2581-2587.

Osakabe N, Yasuda A, Natsume M, Takizawa T, Terao J, et al. (2002) Catechins and their oligomers linked
by C4 --> C8 bonds are major cacao polyphenols and protect low-density lipoprotein from oxidation in vitro.
Exp Biol Med (Maywood) 227: 51-56.

Sanbongi C, Osakabe N, Natsume M, Takizawa T, Gomi S, et al. (1998) Antioxidative polyphenols isolated
from Theobroma cacao. J Agric Food Chem 46: 454-457.

Baba S, Osakabe N, Kato Y, Natsume M, Yasuda A, et al. (2007) Continuous intake of polyphenolic
compounds containing cocoa powder reduces LDL oxidative susceptibility and has beneficial effects on
plasma HDL-cholesterol concentrations in humans. Am J Clin Nutr 85: 709-717.

Mursu J, Voutilainen S, Nurmi T, Rissanen TH, Virtanen JK, et al. (2004) Dark chocolate consumption
increases HDL cholesterol concentration and chocolate fatty acids may inhibit lipid peroxidation in healthy
humans. Free Radic Biol Med 37: 1351-1359.

Buijsse B, Feskens EM, Kok FJ, Kromhout D (2006) Cocoa intake, blood pressure, and cardiovascular
mortality: The zutphen elderly study. Arch Intern Med 166: 411-417.

Grassi D, Lippi C, Necozione S, Desideri G, Ferri C (2005) Short-term administration of dark chocolate is
followed by a significant increase in insulin sensitivity and a decrease in blood pressure in healthy persons.
Am J Clin Nutr 81: 611-614.

Taubert D, Roesen R, Lehmann C, Jung N, Schomig E (2007) Effects of low habitual cocoa intake on blood
pressure and bioactive nitric oxide: a randomized controlled trial. JAMA 298: 49-60.

Buitrago-Lopez A, Sanderson J, Johnson L, Warnakula S, Wood A, et al. (2011) Chocolate consumption and
cardiometabolic disorders: systematic review and meta-analysis. BMJ 343: d4488.

Ried K, Sullivan TR, Fakler P, Frank OR, Stocks NP (2012) Effect of cocoa on blood pressure. Cochrane
Database Syst Rev 8: Cd008893.

Shrime MG, Bauer SR, McDonald AC, Chowdhury NH, Coltart CE, et al. (2011) Flavonoid-rich cocoa
consumption affects multiple cardiovascular risk factors in a meta-analysis of short-term studies. J Nutr 141:
1982-1988.

Taubert D, Roesen R, Schomig E (2007) Effect of cocoa and tea intake on blood pressure: a meta-analysis.
Arch Intern Med 167: 626-634.

Page 7 of 9 Volume 2, Article ID: 100012


https://www.ncbi.nlm.nih.gov/pubmed/11909632
https://www.ncbi.nlm.nih.gov/pubmed/11909632
https://www.ncbi.nlm.nih.gov/pubmed/11210120
https://www.ncbi.nlm.nih.gov/pubmed/11210120
https://www.ncbi.nlm.nih.gov/pubmed/11210120
https://www.ncbi.nlm.nih.gov/pubmed/11788784
https://www.ncbi.nlm.nih.gov/pubmed/11788784
https://www.ncbi.nlm.nih.gov/pubmed/11788784
https://www.ncbi.nlm.nih.gov/pubmed/10554262
https://www.ncbi.nlm.nih.gov/pubmed/10554262
https://www.ncbi.nlm.nih.gov/pubmed/17344491
https://www.ncbi.nlm.nih.gov/pubmed/17344491
https://www.ncbi.nlm.nih.gov/pubmed/17344491
https://www.ncbi.nlm.nih.gov/pubmed/15454274
https://www.ncbi.nlm.nih.gov/pubmed/15454274
https://www.ncbi.nlm.nih.gov/pubmed/15454274
https://www.ncbi.nlm.nih.gov/pubmed/16505260
https://www.ncbi.nlm.nih.gov/pubmed/16505260
https://www.ncbi.nlm.nih.gov/pubmed/15755830
https://www.ncbi.nlm.nih.gov/pubmed/15755830
https://www.ncbi.nlm.nih.gov/pubmed/15755830
http://www.ncbi.nlm.nih.gov/pubmed/17609490
http://www.ncbi.nlm.nih.gov/pubmed/17609490
http://www.ncbi.nlm.nih.gov/pubmed/21875885
http://www.ncbi.nlm.nih.gov/pubmed/21875885
https://www.ncbi.nlm.nih.gov/pubmed/22895979
https://www.ncbi.nlm.nih.gov/pubmed/22895979
https://www.ncbi.nlm.nih.gov/pubmed/21956956
https://www.ncbi.nlm.nih.gov/pubmed/21956956
https://www.ncbi.nlm.nih.gov/pubmed/21956956
http://www.ncbi.nlm.nih.gov/pubmed/17420419
http://www.ncbi.nlm.nih.gov/pubmed/17420419

Natsume M, Ishikawa H, Kawabe Y, Watanabe T, Osawa T (2018) Effects of dark chocolate Intake on Physical Functions in Japanese

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25,

26.

27.

28.

29,

30.

31.

Subjects. Adv Clin Transl Res 2: 100012.

Hollenberg NK, Fisher ND, McCullough ML (2009) Flavanols, the Kuna, cocoa consumption, and nitric
oxide. J Am Soc Hypertens 3: 105-112.

McCullough ML, Chevaux K, Jackson L, Preston M, Martinez G, et al. (2006) Hypertension, the Kuna, and
the epidemiology of flavanols. J Cardiovasc Pharmacol 47 Suppl 2: S103-109.

Mastroiacovo D, Kwik-Uribe C, Grassi D, Necozione S, Raffaele A, et al. (2015) Cocoa flavanol consumption
improves cognitive function, blood pressure control, and metabolic profile in elderly subjects: the Cocoa,
Cognition, and Aging (CoCoA) Study--a randomized controlled trial. Am J Clin Nutr 101: 538-548.

Lamport DJ, Pal D, Moutsiana C, Field DT, Williams CM, et al. (2015) The effect of flavanol-rich cocoa on
cerebral perfusion in healthy older adults during conscious resting state: a placebo controlled, crossover,
acute trial. Psychopharmacology (Berl) 232: 3227-3234.

Raji A, Seely EW, Arky RA, Simonson DC (2001) Body fat distribution and insulin resistance in healthy
Asian Indians and Caucasians. J Clin Endocrinol Metab 86: 5366-5371.

Ware JE Jr., Gandek B (1998) Overview of the SF-36 Health Survey and the International Quality of Life
Assessment (IQOLA) Project. J Clin Epidemiol 51: 903-912.

Ware JE Jr., Sherbourne CD (1992) The MOS 36-item short-form health survey (SF-36). I. Conceptual
framework and item selection. Med Care 30: 473-483.

Hoshino F, Watanabe O, Wu X, Takimoto Y, Osawa T (2014) Low-cost and easy-to-use "on-chip ELISA" for
developing health-promoting foods. Subcell Biochem 77: 151-161.

Whelton PK, He J, Appel LJ, Cutler JA, Havas S, et al. (2002) Primary prevention of hypertension: clinical
and public health advisory from The National High Blood Pressure Education Program. Jama 288: 1882-
1888.

Wu LL, Chiou CC, Chang PY, Wu JT (2004) Urinary 8-OHdG: a marker of oxidative stress to DNA and a risk
factor for cancer, atherosclerosis and diabetics. Clinica Chimica Acta 339: 1-9.

Rifai N, Ridker PM (2001) High-sensitivity C-reactive protein: a novel and promising marker of coronary
heart disease. Clin Chem 47: 403-411.

Scholey AB, French SJ, Morris PJ, Kennedy DO, Milne AL, et al. (2010) Consumption of cocoa flavanols
results in acute improvements in mood and cognitive performance during sustained mental effort. J
Psychopharmacol 24: 1505-1514.

Sathyapalan T, Beckett S, Rigby AS, Mellor DD, Atkin SL (2010) High cocoa polyphenol rich chocolate may
reduce the burden of the symptoms in chronic fatigue syndrome. Nutr J 9: 55.

Mattson MP, Maudsley S, Martin B (2004) BDNF and 5-HT: a dynamic duo in age-related neuronal
plasticity and neurodegenerative disorders. Trends Neurosci 27: 589-594.

Chen B, Dowlatshahi D, MacQueen GM, Wang JF, Young LT (2001) Increased hippocampal BDNF
immunoreactivity in subjects treated with antidepressant medication. Biol Psychiatry 50: 260-265.

Phillips HS, Hains JM, Armanini M, Laramee GR, Johnson SA, et al. (1991) BDNF mRNA is decreased in the
hippocampus of individuals with Alzheimer's disease. Neuron 7: 695-702.

Nurk E, Refsum H, Drevon CA, Tell GS, Nygaard HA, et al. (2009) Intake of flavonoid-rich wine, tea, and
chocolate by elderly men and women is associated with better cognitive test performance. J Nutr 139: 120-
127.

Field DT, Williams CM, Butler LT (2011) Consumption of cocoa flavanols results in an acute improvement in

visual and cognitive functions. Physiol Behav 103: 255-260.

Page 8 of 9 Volume 2, Article ID: 100012


http://www.ncbi.nlm.nih.gov/pubmed/20409950
http://www.ncbi.nlm.nih.gov/pubmed/20409950
http://www.ncbi.nlm.nih.gov/pubmed/16794446
http://www.ncbi.nlm.nih.gov/pubmed/16794446
https://www.ncbi.nlm.nih.gov/pubmed/25733639
https://www.ncbi.nlm.nih.gov/pubmed/25733639
https://www.ncbi.nlm.nih.gov/pubmed/25733639
https://www.ncbi.nlm.nih.gov/pubmed/26047963
https://www.ncbi.nlm.nih.gov/pubmed/26047963
https://www.ncbi.nlm.nih.gov/pubmed/26047963
https://www.ncbi.nlm.nih.gov/pubmed/11701707
https://www.ncbi.nlm.nih.gov/pubmed/11701707
http://www.ncbi.nlm.nih.gov/pubmed/9817107
http://www.ncbi.nlm.nih.gov/pubmed/9817107
https://www.ncbi.nlm.nih.gov/pubmed/1593914
https://www.ncbi.nlm.nih.gov/pubmed/1593914
http://www.ncbi.nlm.nih.gov/pubmed/24374926
http://www.ncbi.nlm.nih.gov/pubmed/24374926
https://www.ncbi.nlm.nih.gov/pubmed/12377087
https://www.ncbi.nlm.nih.gov/pubmed/12377087
https://www.ncbi.nlm.nih.gov/pubmed/12377087
https://www.ncbi.nlm.nih.gov/pubmed/14687888
https://www.ncbi.nlm.nih.gov/pubmed/14687888
http://www.ncbi.nlm.nih.gov/pubmed/11238289
http://www.ncbi.nlm.nih.gov/pubmed/11238289
https://www.ncbi.nlm.nih.gov/pubmed/19942640
https://www.ncbi.nlm.nih.gov/pubmed/19942640
https://www.ncbi.nlm.nih.gov/pubmed/19942640
http://www.ncbi.nlm.nih.gov/pubmed/21092175
http://www.ncbi.nlm.nih.gov/pubmed/21092175
https://www.ncbi.nlm.nih.gov/pubmed/15374669
https://www.ncbi.nlm.nih.gov/pubmed/15374669
https://www.ncbi.nlm.nih.gov/pubmed/11522260
https://www.ncbi.nlm.nih.gov/pubmed/11522260
http://www.ncbi.nlm.nih.gov/pubmed/1742020
http://www.ncbi.nlm.nih.gov/pubmed/1742020
http://www.ncbi.nlm.nih.gov/pubmed/19056649
http://www.ncbi.nlm.nih.gov/pubmed/19056649
http://www.ncbi.nlm.nih.gov/pubmed/19056649
https://www.ncbi.nlm.nih.gov/pubmed/21324330
https://www.ncbi.nlm.nih.gov/pubmed/21324330

Natsume M, Ishikawa H, Kawabe Y, Watanabe T, Osawa T (2018) Effects of dark chocolate Intake on Physical Functions in Japanese

32.

33.

34.

35.

36.

37

38.

39.

Subjects. Adv Clin Transl Res 2: 100012.

Desideri G, Kwik-Uribe C, Grassi D, Necozione S, Ghiadoni L, et al. (2012) Benefits in cognitive function,
blood pressure, and insulin resistance through cocoa flavanol consumption in elderly subjects with mild
cognitive impairment: the Cocoa, Cognition, and Aging (CoCoA) study. Hypertension 60: 794-801.

Sokolov AN, Pavlova MA, Klosterhalfen S, Enck P (2013) Chocolate and the brain: Neurobiological impact of
cocoa flavanols on cognition and behavior. Neurosci Biobehav Rev 37: 2445-2453.

Sorond FA, Lipsitz LA, Hollenberg NK, Fisher ND (2008) Cerebral blood flow response to flavanol-rich
cocoa in healthy elderly humans. Neuropsychiatr Dis Treat 4: 433-440.

Rassaf T, Preik M, Kleinbongard P, Lauer T, Heiss C, et al. (2002) Evidence for in vivo transport of bioactive
nitric oxide in human plasma. J Clin Invest 109: 1241-1248.

Schroeter H, Heiss C, Balzer J, Kleinbongard P, Keen CL, et al. (2006) (-)-Epicatechin mediates beneficial
effects of flavanol-rich cocoa on vascular function in humans. Proc Natl Acad Sci U S A 103: 1024-1029.
Heiss C, Jahn S, Taylor M, Real WM, Angeli FS, et al. (2010) Improvement of Endothelial Function With
Dietary Flavanols Is Associated With Mobilization of Circulating Angiogenic Cells in Patients With Coronary
Artery Disease. J Am Coll Cardiol 56: 218-224.

Steffen Y, Schewe T, Sies H (2007) (-)-Epicatechin elevates nitric oxide in endothelial cells via inhibition of
NADPH oxidase. Biochem Biophys Res Commun 359: 828-833.

Williams CM, El Mohsen MA, Vauzour D, Rendeiro C, Butler LT, et al. (2008) Blueberry-induced changes in
spatial working memory correlate with changes in hippocampal CREB phosphorylation and brain-derived

neurotrophic factor (BDNF) levels. Free Radic Biol Med 45: 295-305.

Page 9 of 9 Volume 2, Article ID: 100012


http://www.ncbi.nlm.nih.gov/pubmed/22892813
http://www.ncbi.nlm.nih.gov/pubmed/22892813
http://www.ncbi.nlm.nih.gov/pubmed/22892813
https://www.ncbi.nlm.nih.gov/pubmed/23810791
https://www.ncbi.nlm.nih.gov/pubmed/23810791
https://www.ncbi.nlm.nih.gov/pubmed/18728792
https://www.ncbi.nlm.nih.gov/pubmed/18728792
http://www.ncbi.nlm.nih.gov/pubmed/11994413
http://www.ncbi.nlm.nih.gov/pubmed/11994413
http://www.ncbi.nlm.nih.gov/pubmed/16418281
http://www.ncbi.nlm.nih.gov/pubmed/16418281
https://www.ncbi.nlm.nih.gov/pubmed/20620742
https://www.ncbi.nlm.nih.gov/pubmed/20620742
https://www.ncbi.nlm.nih.gov/pubmed/20620742
https://www.ncbi.nlm.nih.gov/pubmed/17560937
https://www.ncbi.nlm.nih.gov/pubmed/17560937
http://www.ncbi.nlm.nih.gov/pubmed/18457678
http://www.ncbi.nlm.nih.gov/pubmed/18457678
http://www.ncbi.nlm.nih.gov/pubmed/18457678

