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研究成果の概要（和文）：我々は日本の大規模コホート研究のデータを用いて、フラボノイドの摂取量と循環器
疾患発症リスクとの関連を検討した。その結果、フラボノイドの摂取量が多いほど、摂取量が少ない場合に比べ
て循環器疾患発症リスクが低下することが分かった。フラボノイドを多く含む果物については、柑橘類、イチ
ゴ、ブドウで循環器疾患発症リスクの低下と有意な関連が認められた。
  

研究成果の概要（英文）：We examined the association between flavonoid intake and risk of 
cardiovascular disease using the data of a large Japanese cohort study. We found that higher intake 
of flavonoids, compared with lower intake, was associated with an decreased risk of cardiovascular 
disease. Regarding specific flavonoid-rich fruits, we observed significant inverse associations for 
citrus fruit, strawberry, and grapes.
 

研究分野：栄養疫学

キーワード： flavonoid;　fruit;　cardiovascular disease;　cohort study;　meta-analysis;　prevention

  ３版

令和

研究成果の学術的意義や社会的意義
冠動脈性心疾患と脳卒中は、日本において死因の第2位と第4位に位置している。心血管疾患の予防は依然として
大きな課題であり、危険因子、特に修正可能な食生活因子を特定することの重要性が強調されている。本研究は
大規模コホート研究のデータを用いて、フラボノイドの摂取量と循環器疾患発症リスクとの関連を検討した。そ
の結果、食事性フラボノイドの高摂取は心血管疾患のリスク低下と関連していた。また、柑橘類、イチゴ、ブド
ウなどのフラボノイド豊富な果物は、心血管疾患の予防に役立つ可能性が示唆された。

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属されます。
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１．研究開始当初の背景 

Coronary heart disease and stroke remain the second and fourth leading cause of death 

in Japan. The prevention of cardiovascular disease remains a huge task in Japan, 

highlighting the importance of identifying risk factors, in particular modifiable 

dietary factors. Recently, the importance of flavonoids has been recognized. 

Flavonoids are synthesized by plants and are an integral part of the human diet, 

which are widely found in fruits, vegetables, grains, roots, coffee, tea, and wine. 

They have received much attention in recent years as potentially protective 

nutrients. 

 

Many knowledge gaps exist in the field of flavonoid intake and cardiovascular 

disease. Of note, the Japanese Standard Tables of Food Composition, a national 

database for nutrition research, have no information on flavonoid content. The lack 

of data about the flavonoid content of foods has limited our ability to estimate the 

flavonoid intakes in the Japanese population. Accordingly, the question of whether 

flavonoid intake could prevent cardiovascular disease in the Japanese population has 

not been answered yet. Also, the underlying mechanisms by which flavonoids provide 

protective effects against cardiovascular disease have not been fully clarified. In 

particular, mixed results have been reported regarding flavonoid intakes and 

hypertension risk. Among various flavonoid-rich foods, strawberries have gained 

increasing research interest. Although several clinical trials examined the effects 

of strawberries intervention on cardiovascular risk factors, most of them have a 

small sample size and the results among studies are inconsistent. 

 
２．研究の目的 

The present study has 4 purposes: (I) estimating the flavonoid intake in the general 

Japanese population with the use of an international database of flavonoids, (II) 

determining the prospective association of flavonoid intake with the incidence of 

cardiovascular disease using the data of a large Japanese cohort study, (III) 

examining the association between flavonoid intake and hypertension risk by a meta-

analysis, (IV) and examining strawberry intervention on cardiovascular risk factors 

by a meta-analysis. 

 
 
３．研究の方法 

This study was based on the data of a large Japanese cohort study: the Japan Public 

Health Center-based prospective Study. A total of 103,802 men and women answered the 

questionnaire at the fifth-year survey. We excluded 16,625 of them because they had a 

previous history of cardiovascular disease or cancer, had an extreme body mass index 

(BMI < 14 or > 40 kg/m2), or had an implausible energy intake (< 800 or > 3600 

kcal/day). Ultimately, 87,177 men and women were eligible for analysis.  

 

(1) Dietary assessment 



Consumption frequencies and portion sizes of 138 food and beverage items were 

ascertained by a validated semi-quantitative food-frequency questionnaire. Quantity 

of food consumption was calculated by multiplying the consumption frequency and usual 

portion size. The flavonoid intake was determined based on data from the Phenol-

Explorer database (http://phenol-explorer.eu/), which is the first comprehensive 

database on flavonoids and other polyphenol content in foods. For each food, we 

computed for each flavonoid class by summing the individual compounds of each 

flavonoid class for each participant.  

 

(2) Outcome assessment 

The outcome of this analysis was the first incidence of cardiovascular disease, 

including coronary heart disease and stroke. Cases of coronary heart disease, 

including nonfatal myocardial infarction and coronary deaths, were diagnosed in 

accordance with the criteria of the Monitoring Trends and Determinants of 

Cardiovascular Disease project. Stroke cases were diagnosed based on the criteria of 

the National Survey of Stroke, specifically, a sudden or rapid occurrence of a focal, 

non-convulsive neurological deficit lasting for at least 24 hours or until death.  

 

(3) Statistical analysis 

We used a Cox proportional hazards regression model to compute relative risks for 

cardiovascular disease incidence. All relative risks were adjusted for the following 

covariates: age, study areas, sex, occupation (unemployed, white-collar worker, blue-

collar worker, other, or missing), BMI, use of medication for hypertension and 

hypercholesterolemia, history of diabetes, smoking status, alcohol use, and physical 

exercise, and intakes of fish, meat, milk, and total energy. We also examined the 

associations between flavonoid-rich fruit intake and cardiovascular disease risk. The 

analyses were performed using SAS 9.4 software.  

 

For meta-analyses, PubMed was searched for relevant studies published up to February 

20, 2020. Studies were selected for analysis if they examined the association between 

flavonoid intakes risk of hypertension or they examined the effects of strawberry 

intervention on cardiovascular risk factors. The analyses were performed using Stata 

version 16.0.  

 
 
 
４．研究成果 

(1) We first examined the association between flavonoid intake and cardiovascular 

risk. After full adjustment for covariates including demographics, lifestyles, and 

dietary factors, the highest intake group of flavonoids, compared with the lowest 

intake group, was associated with a decreased risk of cardiovascular disease.  

 

 



(2) Regarding specific flavonoid-rich fruits, we observed significant inverse 

associations for citrus fruit, strawberry, and grapes and a borderline inverse 

association for apple/pear. 

 

(3) We next examined the association between flavonoid intake and hypertension risk, 

which is one of the most important risk factors of cardiovascular disease. We 

obtained 5 cohort studies for analysis. A pooled analysis of the 5 cohort studies 

suggested that flavonoid intake was associated with a non-significant decreased risk 

of hypertension (Figure 1). 

 

 

Figure 1. Meta-analysis for the association between flavonoid intakes and 

hypertension risk. 

 

(4) Also, we examined the effects of strawberry interventions on cardiovascular risk 

factors. We included 11 randomized controlled trials in this meta-analysis. Overall, 

the strawberry interventions significantly reduced C-reactive protein but did not 

affect blood pressure, lipid profile, or fasting blood glucose (Table 1). 
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Table 1. Meta-analysis for the effects of strawberry intervention on cardiovascular 

risk factors.  

 

 

In conclusion, higher intake of dietary flavonoids was associated with a decreased 

risk of cardiovascular disease. Flavonoid-rich fruits, such as citrus fruits, 

strawberry, and grape, may be helpful for prevention of cardiovascular disease. 

 
 
 
 

No. of studies Effect size (95% CI) I 2

Systolic blood pressure, mmHg 6 -0.26 (-2.83, 2.31) 0
Diastolic blood pressure, mmHg 6 -0.92 (-2.47, 0.64) 0
Total cholesterol, mmol/L 7 -0.15 (-0.35, 0.05) 25.7
LDL-cholesterol, mmol/L 7 -0.11 (-0.30, 0.08) 1.7
HDL-cholesterol, mmol/L 7 0.00 (-0.08, 0.08) 0
Triglyceride, mmol/L 7 -0.03 (0.25, 0.04) 0
Fasting blood glucose, mmol/L 7 0.04 (-0.10, 0.18) 0
C-reactive protein, mg/L 6 -0.63 (-1.04, -0.22) 9.7
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