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Abstract

The traditional diet in Okinawa is anchored by root vegetables (principally sweet potatoes), green 

and yellow vegetables, soybean-based foods, and medicinal plants. Marine foods, lean meats, fruit, 

medicinal garnishes and spices, tea, alcohol are also moderately consumed. Many characteristics 

of the traditional Okinawan diet are shared with other healthy dietary patterns, including the 

traditional Mediterranean diet, DASH diet, and Portfolio diet. All these dietary patterns are 

associated with reduced risk for cardiovascular disease, among other age-associated diseases. 

Overall, the important shared features of these healthy dietary patterns include: high intake of 

unrefined carbohydrates, moderate protein intake with emphasis on vegetables/legumes, fish, and 

lean meats as sources, and a healthy fat profile (higher in mono/polyunsaturated fats, lower in 

saturated fat; rich in omega-3). The healthy fat intake is likely one mechanism for reducing 

inflammation, optimizing cholesterol, and other risk factors. Additionally, the lower caloric 

density of plant-rich diets results in lower caloric intake with concomitant high intake of 

phytonutrients and antioxidants. Other shared features include low glycemic load, less 

inflammation and oxidative stress, and potential modulation of aging-related biological pathways. 

This may reduce risk for chronic age-associated diseases and promote healthy aging and longevity.

Keywords

healthy aging; Okinawa; diet; Portfolio; DASH; longevity

Corresponding author: Prof. Donald Craig Willcox, Department of Geriatric Medicine, University of Hawaii, Kuakini Medical 
Center Campus, 347 N. Kuakini Street, HPM-9 Honolulu HI 96817, d.willcox@okiu.ac.jp; Phone: +1 808 523 8461 Fax: +1 808 528 
1897. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
Mech Ageing Dev. Author manuscript; available in PMC 2017 April 24.

Published in final edited form as:
Mech Ageing Dev. 2014 ; 136-137: 148–162. doi:10.1016/j.mad.2014.01.002.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Introduction

Most deaths across nations (including low and middle income countries) are now due to 

chronic disease and the proportion of worldwide mortality from chronic age-associated 

disease is projected to escalate further, reaching 66 per cent in 2030 (World Health 

Organization, 2005).

This global increase in disease burden from cardiovascular disease, cancer, diabetes and 

other chronic age-associated diseases reflects social and economic changes, including 

lifestyle and diet, as well as population aging. Although the world-wide increase in life 

expectancy (at birth) is among the world`s greatest achievements, the potential socio-

economic costs of a higher chronic disease burden rise sharply with an aging society. The 

good news is that mounting evidence suggests effective public health policies and programs 

can do much to mitigate this risk and help people remain healthy as they age.

Reflecting this untapped potential for preventive public health efforts, the World Health 

Organization (WHO) and the U.S. Centers for Disease Control and Prevention (CDC) have 

estimated that 80 percent of coronary heart disease (CHD) and type-2 diabetes mellitus 

(T2DM) as well as 40 percent of cancers, could be prevented by improving three health 

behaviors: eating habits, physical activity, and tobacco use (World Health Organization, 

2005; Centers for Disease Control and Prevention, 2009). Although difficult to quantify, of 

these three risk factors, dietary habits may have become the most important modifiable risk 

factor in many nations. Backing up this contention is a recent study that assessed 17 major 

risk factors and found that composition of the diet constituted the largest cluster of risk 

factors responsible for death (26%) and the highest percentage of disability-adjusted life 

years lost (14%) in the US (US Burden of Disease Collaborators et al. 2013).

Because nutritional issues play such a key role in a wide range of age-associated diseases 

and contribute so much to morbidity, disability and mortality as we age, the potential for 

better nutritional habits to improve health outcomes in older populations is a largely 

untapped (yet urgently needed) measure. Although some dietary patterns are well known to 

be associated with the prevention of chronic age-associated diseases, such as the traditional 

Mediterranean diet, the focus of this manuscript will be to explore other, less well known, 

dietary patterns that have also been linked to decreased risk for chronic age-associated 

diseases, such as the Okinawan Diet. Okinawan elders, many of whom still eat a very 

healthy diet, represent one of the healthiest populations of seniors on the planet.

Achieving Healthy Aging: The Art of the Possible

What can we realistically achieve in terms of healthy human aging? There is ongoing debate 

that seems to swing between two poles. Some scientists optimistically argue that 

technological breakthroughs may soon extend human lifespan to a thousand or more years 

(de Grey et al. 2002). Others argue that we may have already “hit the wall” in terms of the 

potential for growth in human life expectancy and we might even witness declines in the 21st 

century due to obesity and the re-emergence of infectious disease threats (Olshansky et al. 

2005).
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Caloric restriction is among the most robust interventions in model organisms of aging for 

extending lifespan (Masoro, 2005). With the plethora of recent studies of primates, including 

humans, some argue that dietary interventions such as caloric restriction have the potential 

to significantly extend human lifespan--as they have in invertebrate and animal models 

(Anderson & Weindruch 2012; Mercken et al. 2012). Although the evidence for dietary 

restriction effects in primates (including humans) is promising, and there are individuals 

who follow such a regimen, it is not practical as a public health policy. Nor are mechanistic 

studies of model organisms always applicable to humans thus caution must be used when 

extrapolating such findings to human populations.

On a more practical level, substantial population health gains may be possible in the future if 

we can delay the onset of common age-related diseases by currently available risk factor 

modification (Willcox B et al, 2006; de la Torre, 2012; Yaffe et al., 2012; Willcox et al, 

2013). In order to further quantify the potentially achievable population-wide benefits of 

such an approach, public health scientists Olshansky and colleagues (2007) estimated that 

delaying typical age-related morbidity in Americans by just seven years would decrease the 

age-specific risk of disability and death by 50%, allowing a substantial improvement in both 

lifespan and more importantly, in healthspan. The authors label this the “longevity 

dividend”.

Combining what we already know about modifying risk factors for chronic disease with a 

better understanding of the genetics of healthy aging may help optimize future targets for 

intervention. For example, a review by Cluett and Melzer (2009) of over 50 GWAS studies 

of four major aging-related phenotypes found that cell cycle, regrowth and tissue repair were 

the most common biological pathways across these aging-related phenotypes, and may 

represent good targets for intervention. Nevertheless, whether one uses pharmacologically 

active foods or food extracts to target specific aging-related biological pathways or 

nutritional interventions that target multiple pathways related to aging, it will be important to 

identify individual genetic susceptibility to particular risk factor interventions, such as 

optimizing blood sugar or reducing sodium or cholesterol (de Magalhães et al., 2011; 

Mercken et al., 2012; Morris et al., 2005; Rattan, 2012).

The scientific discipline of epidemiology, which includes genetic epidemiology and 

nutritional epidemiology, may provide clues as to where to begin and which path to follow. 

From an epidemiology of aging perspective, wide variability exists in the global prevalence 

of age-related diseases and past studies have suggested that while genes are important, the 

majority of the variation in overall human lifespan (Gögele et al., 2011) and perhaps more 

importantly, in healthspan (Rattan, 2012), has been shown to be environmental. That is, 

dietary habits, physical activity, smoking and other risk behaviors, access to health care, 

immunization and other public health practices, and other social determinants of health, 

account for the majority of variation in risk for age-related morbidity and mortality.

Backing up this contention is recent epidemiological research that has focused upon risk 

factors for healthy aging which has shown that avoiding nine common risk factors in mid-

life may increase odds of healthy aging into octogenarian and nonagenarian years by over 

four-fold (Willcox et al. 2006). Moreover, nutritional epidemiological research on risk factor 
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modification as well as dietary intervention studies have shown that the benefits on 

particular lipid and inflammatory-related risk factors (e.g. LDL cholesterol, C-reactive 

protein) from shifting to a healthier dietary pattern can be substantial and even rival that of 

pharmacotherapy (Jenkins et al. 2005). Therefore, it stands to reason that a population-wide 

shift to a healthier dietary pattern may facilitate significant delays in age-related morbidity 

and decrease the age-specific risk of disability and death---allowing for substantial 

improvement in both lifespan and healthspan. This would bring us closer to realizing the 

“longevity dividend”.

Some large scale population-wide public health interventions that have used nutritional 

approaches (usually as part of a multi-intervention strategy) for age-associated diseases, 

such as cardiovascular disease reduction in the North Karelia Project, have been very 

successful, while others have been less so (Papadakis and Moroz, 2008; Puska, 2010). In 

North Karelia, Finland, a comprehensive lifestyle intervention that has lasted over three 

decades has been associated with an 80% risk reduction for cardiovascular disease (CVD)—

three quarters of that risk was explained by reduction in common risk factors (e.g. 

cholesterol, blood pressure and smoking) (Vartiainen et al, 2010). While pharmacotherapy 

and other medical therapies also became more common during the intervention period, 

dietary change was a major factor in the CVD risk reduction. For example, statins for 

cholesterol reduction became popular during the public health intervention period but 

changes in dietary fat quality and cholesterol intake explained 65 % of the cholesterol 

decrease in men and 60 % of the decrease in women, with reductions in dietary saturated fat 

as the main explanatory factor (47 % in men and 41 % in women) (Valsta et al, 2010) The 

impact of lipid-lowering medication on observed cholesterol levels was found to be less 

important, at 16 % among men, and 7 % among women. Such comprehensive, long-term 

population studies are rare and there is a need for more such studies to support 

epidemiological findings and prior short-term, risk factor intervention trials.

Illustrating the potential of this approach for age-related diseases, some long-lived 

populations, such as the Japanese, already appear to be delaying typical age-related 

morbidity and have achieved a significantly longer life expectancy and much lower rates of 

disability than many western nations such as the US. (US Burden of Disease Collaborators 

et al., 2013; Ikeda et al 2011; Willcox et al, 2013). Such populations (or sub-populations) 

tend also to have higher numbers of oldest-old or long-lived individuals, such as 

nonagenarians or centenarians. The most remarkable of these populations have been referred 

to as “Blue Zones”, a concept that refers to a demographic and/or geographic area with high 

population longevity and originating from the blue color on demographic maps (Poulain et 

al. 2004; Appel, 2008). There is even some preliminary evidence that the “Blue Zones” 

share some common healthy eating patterns (Davinelli et al. 2012; Appel 2008). This is 

encouraging. The fact that the Japanese went from longevity laggards (low average life 

expectancy at birth) in the first half of the 20th century to longevity leaders in the second half 

(world’s longest lifespan and healthspan) is due, in large part, to focused investment in 

public health infrastructure and programs and a better educated population (Ikeda et al. 

2011; Mori et al. 2012; Sugiura et al. 2010; US Burden of Disease Collaborators et al. 2013; 

Willcox et al, 2013). This buttresses belief in the “art of the possible.” That is, through broad 

public health efforts that engage major stakeholders, including industry and government, we 

Willcox et al. Page 4

Mech Ageing Dev. Author manuscript; available in PMC 2017 April 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



can educate, promote and implement healthy lifestyle habits in places that have major 

community health impacts, such schools and workplaces. By doing so we might 

substantially expand the “Blue Zones”.

Reducing Risk Factors, Improving Biomarkers: The Potential of Dietary 

Therapy

Dietary knowledge has evolved substantially over the past few decades from calories, 

macronutrients and micronutrients to exploring the pharmaceutical or “nutraceutical” effects 

of particular foods and food components. A whole research and commercial industry has 

sprung up around the concept of “functional foods”, some of which might be as efficacious 

as commonly prescribed medications for ameliorating some medical conditions. For 

example, various foods, such as soy protein, fiber (ie.oat bran) and plant sterols can have an 

additive LDL-cholesterol-lowering effect and substantially attenuate risk for CHD (Jenkins 

et al. 2005). Direct comparison of a dietary portfolio of cholesterol-lowering foods versus 

pharmacotherapy in hypercholesterolemic patients has revealed that this dietary approach 

can be as effective as first generation statins in achieving current lipid goals for primary 

prevention of CHD (Jenkins et al. 2005).

Dietary intervention studies are now being undertaken using combinations of risk lowering 

foods as an overall eating pattern rather than encouraging single foods, in order to achieve 

more effective results and increase dietary compliance. This trend has been driven in large 

part by the response to new dietary recommendations for the management of common risk 

factors for CHD, in order to hit stricter targets (such as cholesterol), that in turn helps reduce 

the risk of other chronic age-associated diseases. There is also added impetus from the drive 

by industry to obtain health claims for particular “functional foods” or food components. 

This dietary pattern (or portfolio) approach has increased the potential relevance of dietary 

therapy and may yield nutrition strategies that help bridge the gap between a healthy diet 

and pharmacotherapy (see Table 1 below).

Is There an Ideal Dietary Pattern for Healthy Aging?

In a discouraging trend, modern societies seem to be converging on a common dietary 

pattern—one that is not ideal for healthy aging. This diet is high in saturated fat, sugar, and 

refined carbohydrates but low in fiber and phytonutrients, and is often labeled the "Western 

diet." In fact, recent research on the “nutrition transition” has concluded that the majority of 

nations in Asia, Latin America, Northern Africa, the urban areas of sub-Saharan Africa, and 

the Middle East share remarkably similar dietary and disease pattern shifts (Popkin 2001). 

Common to this shift is the consumption of more animal products, more fat and more sugar. 

Conversely, there have been substantial decreases in cereal products and fiber. Different 

foods drive this dietary “Westernization” in different regions (Popkin 2001). In Asia, as one 

example, more edible oil consumption is a large aspect of an overall increase in dietary fat in 

that region. Regardless of the heterogeneity in particular details of this dietary shift, the 

overall dietary pattern is from low to high caloric (energy) density with a concomitant high 

to low shift in nutrient density. This dietary shift correlates well with an increase in chronic, 

degenerative diseases and with reduced healthspan.
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The Western Diet

The relation between a nutrient-poor energy dense diet (e.g. Western dietary pattern), 

sedentary lifestyle and increased chronic disease risk, has been well established (Cordain et 

al. 2005; Hu 2008; Popkin 1999; World Health Organization, 2003). This dietary pattern is 

characterized by high caloric density, a high intake of meat (especially red and processed 

meats) and accompanying saturated fat, an unfavorable n-6:n-3 polyunsaturated fatty acid 

(PUFA) ratio, a high intake of refined carbohydrates, and a low intake of fruits, vegetables, 

fiber and phytonutrients. This is a common dietary pattern in the United States and many 

other so-called “Western” nations. However, it is also a dietary pattern that, as previously 

mentioned, modernizing societies are adopting.

The USDA reports that, in general, Americans (this could be extrapolated to all who follow 

the Western dietary pattern) consume too many calories and too much saturated and trans 

fats, cholesterol, sugar, and salt. They typically lack sufficient dietary fiber, calcium, 

magnesium, potassium, and the anti-oxidant vitamins A (as carotenoids), C and E. This kind 

of dietary pattern not only leads to nutritional deficiencies but also promotes a cluster of 

metabolic problems including obesity, reduced insulin sensitivity, glucose intolerance, 

dyslipidemia, as well as systematic inflammation-all risk factors for the most common age 

associated diseases that include cardiovascular diseases, particular cancers, type 2 diabetes, 

among others.

As indicated above, dietary pattern analysis may represent a useful addition to the repertoire 

of researchers who study the relationship between diet and chronic disease. However, the 

reality, until very recently, has been that researchers have focused mainly upon the effects of 

individual nutrients and sometimes foods, but rarely on dietary patterns on disease risk 

factors, biomarkers, or morbidity. Prospective, nutrition-related cohort studies with all-cause 

mortality or other aging-related outcomes are not common since a large cohort must be 

followed for adequate statistical power and/or the duration of follow-up needs to be long for 

enough events to occur—a component than most studies can ill afford (Willcox et al, 2013).

The DASH Diet

High blood pressure affects approximately 1 in 3 Americans (Chobanian et al, 2003). The 

Dietary Approaches to Stop Hypertension (DASH) diet is, arguably, the most common 

physician prescribed diet to fight high blood pressure and was, in fact, originally developed 

by the National Heart, Lung, and Blood Institute to do just that, therefore, the acronym 

(Champagne 2006; Savika et al, 2010). The DASH dietary pattern is rich in fruits and 

vegetables, whole grains, low-fat dairy products, fish, poultry, beans, nuts and seeds. It also 

contains less sodium; sugar; fats; and red meat than the usual western diet as described 

above. Designed with cardiovascular health in mind, the DASH diet is also lower in 

saturated and trans fatty acids and cholesterol and rich in nutrients such as potassium, 

magnesium, calcium, protein, and fiber that are helpful for lowering blood pressure. 

Research on the DASH dietary pattern has shown that it not only can lower blood pressure 

but also improve other risk factors for cardiovascular disease such as HDL cholesterol levels, 

triglycerides or blood sugar. Long-term studies of the DASH dietary pattern have been 
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associated with lower risk for hypertension and other cardiovascular diseases, diabetes, and 

several types of cancer, among other chronic age associated diseases (Fung et al. 2010; 

Shirani et al. 2013; Salehi-Abargouei et al. 2013)

The Portfolio Diet

As briefly discussed earlier, in an attempt to increase the effectiveness of diet in reducing 

serum cholesterol, the National Cholesterol Education Program (NCEP) and the American 

Heart Association recently recommended the use of functional foods, or foods high in 

components that reduce cholesterol, as options in dietary strategies. With these 

recommendations in mind the Portfolio Diet was designed by University of Toronto 

researchers to test the effectiveness of this dietary approach against standard drug therapy 

(statins) in hypercholesterolemic participants (Jenkins et al, 2003, 2005). Plant foods are 

emphasized in this vegetarian dietary pattern rich in vegetables such as broccoli, eggplant, 

tomatoes, onions, okra. Whole grains are plentiful, including oats and barley, and other 

prominent foods include vegetable-based margarine, almonds, and soy protein.

The study found that when these phytonutrient-rich foods were mixed into an already 

healthy diet (by NCEP standards), LDL cholesterol was reduced by a further 30% (Jenkins 

et al. 2003). This finding suggests that a combination of LDL-lowering dietary strategies 

(e.g., vicous fiber, plant stanols, soy protein, almonds) has additive effects when added to a 

healthy diet and can produce clinically significant reductions in CHD risk (Kendall and 

Jenkins 2004). A number of other benefits such as lower inflammation lower CRP (c-

reactive protein) blood levels and weight loss were also witnessed (Jenkins et al. 2003). 

Viscous fibers facilitate bile acid loss from the gut (which binds cholesterol), plant sterols 

reduce cholesterol absorption from the gut, soy proteins reduce hepatic cholesterol synthesis 

and may increase hepatic LDL receptor uptake of cholesterol. Almonds, which contain 

monounsaturated fat, plant sterols, plant protein and fiber, and other phytochemicals, operate 

through a variety of mechanisms to reduce LDL (Jenkins et al 2005). There was a clear 

advantage for the Portfolio diet for cholesterol reduction versus a comparison vegetarian, 

low saturated fat diet without these four “functional foods.” (Jenkins et al. 2011).

Is variety the spice of life (and health)?

Is consuming a variety of different foods important for health? The Japanese certainly 

believe this is true. A common lesson for children, illustrated in a popular children’s’ book, 

is to bring a daily lunch bento (box) with “something from the mountains and something 

from the sea”. This popular expression illustrates the importance placed on vegetables and 

sea foods--and variety. The Japan Ministry of Health, Labour and Welfare recommends that 

one consume 30 different foods daily in order to get a wide variety of nutrients (Willcox et 

al, 2004).

When one examines healthy eating patterns around the world (such as the Seven Countries 

Study) one is surprised at the range of foods, cuisines, cooking styles, tastes, and use of 

spices and herbs. These are obvious places of difference that seem to fascinate scientists and 

lay people alike. However, of enduring interest (and intense debate), there is also significant 
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variation in macronutrient intake, in healthy eating patterns. One only need compare the 

traditional diets of Okinawa, which is high in carbohydrate but low in fat, to that of the 

Mediterranean, which is high in fat, but low in carbohydrate (see Table 1) to see this fact. 

Both diets, however, are relatively low in calories but nutrient dense.

The key, upon further analysis, is that these nutrient-dense diets are anchored by high quality 

foods—despite a range in macronutrients, both diets are dominated by low glycemic 

carbohydrates, lean proteins (much of it from plant sources), and healthy fats 

monounsaturated, omega-3), which is associated with reduced risk for chronic age 

associated diseases. A diet portfolio rich in fruits and vegetables, legumes and whole grains, 

but reduced in animal products and accompanying saturated fat, salt, sweets, and refined 

carbohydrates may be the most “prudent” to recommend for healthy aging. Adding in a 

DASH of Okinawan herbs and spices may also help keep sodium levels in check while 

boosting ones antioxidant and anti-inflammatory network capacity, which as we shall see 

below may help keep one on the right track to a healthy old age.

The Okinawan Diet

Much of the longevity advantage in Okinawa is thought to be related a healthy lifestyle; this 

includes the traditional diet (Willcox et al, 2004; Willcox et al. 2007), which is low in 

calories, yet nutritionally dense, particularly with regard to vitamins, minerals, and 

phytonutrients, several of which have neutraceutical potential.

“Haute cuisine” Okinawan style

Many wonder how the Okinawan traditional dietary pattern differs from the Japanese. Are 

they the same? Some jokingly state the Okinawan diet is Japanese with salsa, due to the 

influence of other Asian cuisines with a tendency toward spicier dishes. Although many 

similarities exist, including the high intake of vegetables and soy products, the low fat 

content, the taste for miso, plentiful fish and sea vegetables, and the lack of dairy products, 

the traditional Okinawan diet differs dramatically in some key areas (Willcox et al, 

2004;2007). For example, the staple of the Okinawan diet was the ubiquitous sweet potato---

not rice or other grains. Over half of daily caloric intake was from these colorful sweet 

tasting tuberous roots from the morning glory family. Other key areas of difference include 

the Okinawan taste for flavorings, such dashi or bonito, and the routine use of herbs and 

spices in place of salt in Okinawan “haute cuisine”.

Traditional Okinawan cuisine centers on the staple sweet potato, green-leafy or yellow-root 

vegetables, and soy (e.g. miso soup, tofu or other incarnations of this legume) which 

accompanied almost every meal. Smaller servings of fish, noodles, or lean meats flavored 

with herbs, spices, and cooking oil often accompanied these staples (Willcox et al, 2004). 

See Figure 1

A meal would typically begin with Okinawan-style miso soup. Unlike the Japanese version, 

Okinawans preferred to garnish their miso soup with small amounts of tofu, fish, pork, or 

vegetables. There are three main cooking styles: champuru, nbushi and irichi. The main dish 

was typically a champuru (stir-fried) vegetable dish, which dominated by vegetables such as 
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bitter melon, cabbage, bamboo shoots or others accompanied by a side dish, such as konbu 
seaweed. This is typically simmered with a small amount of oil or pork fat, bonito broth (for 

flavor), and small amounts of fish or boiled pork. Nbushi style uses water rich vegetables 

such as daikon (a type of large white radish), Chinese okra, carrots, or pumpkin; seasons 

them with miso; and simmers them in their own juices. Irichi style focuses on less water-rich 

vegetables, and therefore uses a combination of simmering and stir-frying. Burdock, 

seaweed, dried daikon, or green papayas are favorites. The meal would typically be served 

with freshly brewed sanpin (jasmine) tea, on occasion followed with locally brewed awamori 
(millet brandy) (Willcox et al, 2004).

Almost vegetarians—by circumstance

As can be seen from the above descriptions of a typical meal, the Okinawans of old were not 

vegetarians but they were close to this eating pattern, but not by any particular conscious 

choice. Like most Asian populations in the first half of the 20th century, the average family 

simply could not afford meat, nor processed foods such as sugar, salt, cooking oil, or in the 

case of Okinawa, imported polished white rice. Staple foods were what could grow locally. 

Since Okinawa consists of a string of subtropical islands with seasonal, quite severe tropical 

storms, they had two growing seasons, which favored fresh plant foods. Some vegetables 

grew very well but rice did not. In fact, rice was supplanted in the 1600s by the sweet potato 

as the main staple, when it was first imported from China (Willcox et al, 2004: Todoriki et 

al, 2004: Robine et al, 2012). The sweet potato is hardy and can survive severe climates and 

thus became the main calorie source. Most other plant foods were also grown and consumed 

locally.

All families raised pigs, and chickens and sometimes other farm animals, such as goats. The 

majority of the population was engaged in farming or fishing or combined farming with 

local cottage industries such as carpentry or weaving (Willcox et al, 2004; 2006; 2007; 

Todoriki et al, 2004).

Living on an island meant ready access to fish, other sea creatures, and marine vegetables 

(particularly in the coastal areas), which were readily consumed. Of land animal meats, pork 

was the most commonly consumed meat and when pigs were slaughtered nothing was 

wasted. Typically, a pig was slaughtered early in the year at festival time and what was not 

eaten at that time was stored and consumed over the remainder of the year. A common 

expression is that “everything is eaten but the voice.” The entrails and the ears are still 

commonly consumed today (Willcox et al, 2004).

Although animal fat (from pigs) was often used for cooking due to infrequent access to other 

edible oils, the livestock rearing practices were far different from that of modern meat 

processing plants. The animals were “free range” and fed mostly throw-away vegetables, 

such as blemished sweet potatoes (and their stems and leaves) that were not to the tastes of 

their keepers. The result was a relatively higher level of beneficial n-3 fatty acids and less 

pro-atherogenic fats, such as saturated fat and n-6 PUFAs in the lean meat and fat stores of 

these animals (Willcox et al, 2004; Todoriki et al, 2004).
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Moreover, the total amount of animal products in the diet was minuscule, with total fatty 

acid intake under 10% of energy intake. Even with the sharp increase in fat intake in the 

latter half of the 20th century (up to 27%) saturated fat intake in Okinawa still remains low 

and totals only about 7% of calories, which is well under most recommended allowances 

(the USDA recommends a total fat intake of less than 30% of energy intake with 10% or less 

from saturated fats) (See Table 1).

Ten Characteristics of the traditional Okinawa diet

As can be deduced from these descriptions of a typical meal, the traditional dietary pattern 

in Okinawa has the following characteristics:

1. Low caloric intake,

2. High consumption of vegetables (particularly root and green-yellow vegetables),

3. High consumption of legumes (mostly soybean in origin),

4. Moderate consumption of fish products (more in coastal areas),

5. Low consumption of meat products (mostly lean pork),

6. Low consumption of dairy products,

7. Low fat intake (high mono and polyunsaturated-to-saturated-fat ratio; low omega 

6:3 ratio),

8. Emphasis on low-GI carbohydrates,

9. High fiber intake,

10. Moderate alcohol consumption.

The downside of East Asian diets in general (and the Japanese diet in particular) has been 

the high sodium content, mainly a result of the high intake of soy sauce, miso, salted fish, 

and pickled vegetables. Studies of the Japanese support a relation between higher intakes of 

sodium and higher rates of hypertension, cardiovascular diseases, in particular, 

cerebrovascular disease (Kawano et al. 2007; Miura et al. 2010; Nagata et al. 2004; 

Umesawa et al. 2008) as well as stomach cancer (Shikata et al. 2006; Tsugane et al. 2007). 

However, sodium intake has always been much lower in Okinawa when compared to other 

Japanese prefectures (Willcox et al, 2007).

As discussed above, local Okinawan cuisine has strong southern Chinese, South Asian and 

Southeast Asian influences (bitter greens, spices, peppers, turmeric), that results from active 

participation in the spice trade. Okinawa was an independent seafaring trading nation known 

as the Kingdom of the Ryukyus (from the 14th to the late 19th century) before it became a 

Japanese prefecture. Hypertensive effects of sodium consumption in the diet were also 

attenuated by the high consumption of vegetables rich in anti-hypertensive minerals 

(potassium, magnesium, and calcium) as well as the sodium wasting from their hot and 

humid subtropical climate (Willcox et al, 2004). See Table 2
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Differences between the Traditional Okinawan and Japanese Diets

The dietary differences between Okinawans and other Japanese were once stark but have 

markedly narrowed in post-World War II birth cohorts, and in particular, since reversion of 

Okinawa from U.S. to Japanese administrations in 1972 (Todoriki et al, 2004; Willcox et al, 

2008; 2012). This phenomenon has also been observed in the INTERMAP Study (Dennis et 

al, 2003; Zhou et al, 2003), where differences in traditional diets that were observed in older 

population cohort studies, such as the Seven Countries Study in the 1960s (Keys et al, 1966), 

had markedly narrowed by the 1990s. Therefore, in order to understand potential dietary 

influence on aging-related disease and longevity in older cohorts of Okinawans and other 

Japanese, where health and longevity advantages are the starkest, it is helpful to assess the 

food choices that may have influenced these aging-related phenotypes for most of their adult 

lives.

Table 2 illustrates several important points: One, differences in the intake of grains. 75% of 

the caloric intake of the Japanese diet originated from grains, principally refined (polished) 

white rice. In contrast, only 33% of the calories in the traditional Okinawan diet originated 

from grains, which was less dominated by white rice and more heavily dominated by millet 

and other lower glycemic load grains (Willcox et al, 2007; 2009). Two, vegetable/fruit intake 

was quite different. While both the traditional Japanese and Okinawan diets were not heavy 

in fruit and had some small differences in type of fruit (Okinawans had more tropical fruit)

—both diets derived 1% or less of their caloric intake from fruit. Fruit tended to be a 

condiment or eaten as an after meal sweet. However, vegetable intake was markedly 

different between the two diets. While the traditional Japanese diet provided about 8% of 

caloric intake as vegetables the intake in Okinawans was seven times greater, in terms of 

caloric intake, at 58% of the diet. The majority of this vegetable intake originated from 

sweet potatoes, which were the staple food in the traditional Okinawan diet (Willcox et al, 

2006; 2007; 2009).

The Healthiest of All Vegetables: The Staple Sweet potato

The sweet potato (Ipomoea batatas) is a dicotyledonous plant from the Convolvulaceae 

family, and although it is a perennial root vegetable similar in shape to the white “Irish 

potato” (Solanum tuberosum), it is only a distant cousin of the Irish tuber, which actually 

belongs to the Nightshade family. The edible tuberous root of the sweet potato is long and 

tapered, with a smooth and colorful skin that in Okinawa comes mainly in yellow, purple, or 

violet, or orange, shades. Some varieties are even close to red in appearance. The flesh of the 

most common Okinawan sweet potato (Satsuma Imo) is orange-yellow or dark purple (Beni 
Imo), however violet, beige, or white varieties can also be seen. The leaves and shoots 

(known as kandaba in Okinawa) are often consumed as greens and added to miso soup 

(Willcox et al, 2004; 2009).

It was only roughly a half century ago that the sweet potato was unceremoniously known as 

a food staple of the masses, mostly poor farmers or fisher-folk. Those in higher 

socioeconomic classes consumed more polished white rice, which was associated with an 

upper class lifestyle, and imported from mainland Japan where growing conditions are more 

hospitable to rice. By the 1990s, the health qualities of the lowly sweet potato, the staple 
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food of the common men and women of Okinawan, were becoming increasingly apparent. 

The Center for Science in the Public Interest (CSPI) even ranked their “lowly” sweet potato 

as the healthiest of all vegetables, mainly for its high content of dietary fiber, naturally 

occurring sugars, slow digesting low GI carbohydrates, protein content, anti-oxidant 

vitamins A and C, potassium, iron, calcium, and low levels of fat (saturated fat in particular), 

sodium and cholesterol (see Table 3 below). The American Cancer Society, the American 

Heart Association and other organizations that recognize the value of a healthy diet for 

reducing risk for chronic disease have also heartily endorsed the sweet potato for its 

nutritional properties that may aid in decreasing risk for chronic age associated diseases such 

as cancer or cardiovascular disease (Willcox et al, 2004; 2009).

Moreover, as an excellent source of the antioxidant vitamin A (mainly in the form of beta-

carotene) and a good source of antioxidant vitamins C and E, and other anti-inflammatory 

phytochemicals, sweet potatoes are potent food sources of free radical quenchers. Some 

varieties of sweet potatoes contain many times the daily recommended value of vitamin A. 

For example, a large baked orange sweet potato commonly available in North America 

(often mistakenly called the ‘‘yam’’) contains 789% of the USDA daily value of vitamin A. 

This comes in the form lacking most in the American diet (carotenoids) (Willcox et al. 

2009). Moreover, vitamin E, is also relatively high in sweet potatoes. As a fat-soluble 

vitamin, it is found mainly in high-fat foods, such as oils or nuts; however, the sweet potato 

is rare because it delivers vitamin E in a low fat dietary vehicle. Since these nutrients are 

also anti-inflammatory, they may be helpful in reducing age-associated body inflammation, 

which is linked to chronic age associated diseases, such as atherosclerosis, cancer and Type 

2 diabetes (Willcox et al, 2004;2009).

In light of the strong interplay between inflammation, age-associated diseases and longevity 

(Baylis et al 2013; Chung et al. 2009; Demartinis et al 2006; Franceschi 2007; Vasto et al. 

2007) or inflammaging, as aptly coined by Franceschi and colleagues (Franceschi et al. 

2000) it is of particular interest that the sweet potato (including the leaves) has been shown 

to have significant anti-inflammatory properties (Chao et al. 2013; Hwang et al. 2001; Shan 

et al 2009; Wang et al. 2010; Zhang et al 2009) as well as strong anti-oxidant effects (Dini et 

al. 2006; Hou et al. 2001; Hwang et al. 2001; Johnson & Pace 2010; Kano et al. 2005;; 

Zhang et al. 2009). - Although human interventional studies and clinical trials are necessary 

to confirm the promising preliminary work in vivo and in vitro, it should also be noted that 

sweet potatoes are also good sources of B vitamins, including folate, thiamine, riboflavin, 

and vitamin B6. Interestingly, folate and vitamin B6 help converts homocysteine into 

cysteine. Since high homocysteine levels have been shown to be associated with an 

increased risk of cardiovascular disease and dementia, it is noteworthy that serum 

homocysteine levels are particularly low in Okinawa (Alfthan et al. 1997) and cardiovascular 

mortality and dementia also follow this pattern (Ogura et al, 1995; Willcox B et al, 2007). 

See Table 3.

Traditional medical uses for sweet potato for a modern age

In addition to being the main food staple in Okinawa and an important starch throughout the 

southern Japanese prefectures, sweet potatoes and their extracts have also been consumed 
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throughout Japan as folk remedy. Indications have included anemia, hypertension, and 

diabetes.

Building upon this folk knowledge base, Japanese scientists have extracted 

pharmacologically-active compounds from sweet potatoes for a variety of medicinal 

purposes. For example, Caiapo extract (from white skinned sweet potato) is sold 

commercially in Japan without medical prescription as a neutraceutical for the Type 2 

diabetes mellitus. Although more work is needed in this area, preliminary studies of peel-

based extracts from white-skinned sweet potatoes have revealed the ability to lower blood 

glucose by increasing insulin sensitivity---without affecting insulin secretion (Ludvik et al. 

2003). Beneficial effects have also been shown on short term (fasting glucose) and long-term 

(glycosylated hemoglobin) blood sugar control in diabetic patients and these findings were 

accompanied by increased levels of adiponectin and a decrease in fibrinogen (Ludvik et al. 

2002).

Research has also confirmed the beneficial effects of sweet potato on cholesterol levels (total 

cholesterol and LDL) in patients with type 2 diabetes (Ludvik et al. 2002). Preliminary 

research favors many traditional Japanese medical folk uses of the sweet potato, revealing it 

to be a natural insulin sensitizer with antiatherogenic and anti-inflammatory properties. 

Ultimately, more randomized and placebo-controlled clinical trials will be needed to support 

health claims. See Table 4.

The free radical scavenging spud

Recent research has also revealed impressive free radical–scavenging abilities. Sweet 

potatoes contain root storage proteins, such as trypsin inhibitors, that have significant 

antioxidant capacities that rival even those of glutathione, one of the body’s more potent 

endogenous antioxidants (Hou et al. 2001). Other studies have shown that sweet potatoes are 

rich in particular polyphenols (such as 4,5-di-O-caffeoyldaucic acid) that show greater 

antioxidant activity than such antioxidant standards as l-ascorbic acid, tert-butyl-4-hydroxy 

toluene, and gallic acid (Dini et al. 2006). Interestingly, anthocyanins from an extract of the 

tuber of purple sweet potato (Ayamurasaki) have shown stronger radical-scavenging activity 

than anthocyanins from grape skin, red cabbage, elderberry, or purple corn, and ascorbic 

acid (Kano et al. 2005). Polyphenols from the leaves of sweet potatoes have also been shown 

to suppress the growth of human cancer cells (Kurata et al. 2007).

Low glycemic load

Finally, despite their sweet taste, the Glycemic Index of the sweet potato is not high. It 

ranges from low to medium, depending upon the specific variety of sweet potato, as well as 

the method of preparation (Willcox et al, 2004:2009). The most commonly consumed 

varieties of sweet potato in Okinawa rate low to medium on the Glycemic Index, ranging 

from 34 (see Table 3) for the purple sweet potato (referred to as the “Okinawan potato” in 

Hawaii) to 55 for the Satsuma Imo (Willcox et al. 2009), Thus, consuming sweet potatoes as 

a staple, as the Okinawans did when they followed a more traditional diet, would result in a 

meal with a low glycemic load (see Table 3).
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Food is Medicine: The Okinawan Apothecary of Hormetic Phytochemicals

In Okinawa there is a saying Nuchi Gusui which means Food is Medicine. Reflected in this 

thinking is the blurring of the distinction between food and medicine since commonly 

consumed foods, herbs or spices are also used as a source of medicines. These foods include 

sweet potatoes (and their leaves), bitter melon, turmeric, seaweeds, among others (Willcox et 

al, 2004; 2009).

Although many of these plants or plant extracts have long histories of use in traditional 

Okinawan or Chinese medicine, it has only been in recent years that researchers have begun 

concerted efforts to assess, in an evidence-based manner, the potentially beneficial effects of 

plant-derived extracts to prevent or treat age associated diseases. It is now well known that 

plants have the potential to synthesize phytochemicals to protect their stems and leaves from 

pathogens, insects, bacteria, viruses, or other environmental stress stimuli. Carotenoids and 

flavonoids are often synthesized to help scavenge and quench free radicals formed due to 

UV light exposure. Since the sun in Okinawa is particularly strong, many locally grown 

plants contain powerful antioxidants, with high amounts of carotene, flavonoids or other 

antioxidant properties. Murakami et al (2005) reported that compared to typical mainland 

Japanese food items, those in Okinawa tend to have stronger free radical scavenging 

properties. Of 138 food items they tested for anti-inflammatory action, many were promising 

and wild turmeric and zedoary from Okinawa showed particularly promising anti-oxidative 

and anti-nitrosative properties.

These phytochemicals (such as polyphenols, flavonoids, terpenoids, sesquiterpenoids and 

others with strong anti-oxidant properties) can induce a cellular stress response and 

subsequent adaptive stress resistance involving several molecular adaptations collectively 

referred to as “hormesis”. The role of hormesis in aging, in particular its relation to the 

lifespan extending effects of caloric restriction, has been explored in depth by Rattan et al 

(2008). Davinelli, Willcox and Scapagnini (2012) propose that the anti-aging responses 

induced by phytochemicals are caused by phytohormetic stress resistance involving the 

activation of Nrf2 signaling, a central regulator of the adaptive response to oxidative stress. 

Since oxidative stress is thought to be one of the main mechanisms of aging, the 

enhancement of anti-oxidative mechanisms and the inhibition of ROS production are 

potentially powerful pathways to protect against damaging free radicals and therefore 

decrease risk for age associated disease and, perhaps, modulate the rate of aging itself.

Hormetic phytochemicals, including polyphenols such as resveratrol, have received great 

attention for their potential pro-longevity effects and ability to act as sirtuin activators. They 

may also be activators of FOXO3, a key transcription factor and part of the IGF-1 pathway. 

FOXO3 is essential for caloric restriction to exert its beneficial effects. Willcox et al (2008) 

first showed that allelic variation in the FOXO3 gene is strongly associated with human 

longevity. This finding has since been replicated in over 10 independent population samples 

(Anselmi et al. 2009; Flachsbart et al. 2009; Li et al. 2009; Pawlikowska et al. 2009) and 

now is one of only two consistently replicated genes associated with human aging and 

longevity (Donlon et al, 2012).
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Space limitations preclude an in-depth analysis, but a brief review of four popular food items 

(bitter melon, Okinawan tofu, turmeric and seaweeds) in the traditional Okinawan diet, each 

of which has been receiving increasing attention from researchers for their anti-aging 

properties, appears below.

Bitter melon

Bitter melon is a vegetable that is shaped like a cucumber but with a rough, pockmarked 

skin. It is perhaps the vegetable that persons from mainland Japan most strongly associate 

with Okinawan cuisine. It is usually consumed in stir fry dishes but also in salads, tempura, 

as juice and tea, and even in bitter melon burgers in fast food establishments. Likely bitter 

melon came from China during one of the many trade exchanges between the Ryukyu 

Kingdom and the Ming and Manchu dynasties. Bitter melon is low in caloric density, high in 

fiber, and vitamin C, and it has been used as a medicinal herb in China, India, Africa, South 

America, among other places (Willcox et al, 2004;2009).

Traditional medical uses include tonics, emetics, laxatives and teas for colds, fevers, 

dyspepsia, rheumatic pains and metabolic disorders. From a pharmacological or 

nutraceutical perspective, bitter melon has primarily been used to lower blood glucose levels 

in patients with diabetes mellitus (Willcox et al, 2004;2009). Anti-diabetic compounds 

include charantin, vicine, and polypeptide-p (Krawinkel & Keding 2006), as well as other 

bioactive components (Sathishsekar & Subramanian 2005). Metabolic and hypoglycemic 

effects of bitter melon extracts have been demonstrated in cell cultures and animal and 

human studies; however, the mechanism of action is unclear, and whether bitter melon acts 

principally via regulation of insulin release or through altered glucose metabolism, is still 

under investigation (Krawinkel & Keding 2006). In vitro studies have demonstrated 

anticarcinogenic and antiviral activities (Lee-Huang et al. 1995).

Bitter melon as a functional food and/or nutraceutical supplement is becoming more 

commonplace as research is gradually unlocking its mechanism of action, however, 

randomized, placebo-controlled trials are needed to properly assess safety and efficacy 

before bitter melon can be routinely recommended (Basch et al. 2003).

Okinawan tofu

The high legume content in the traditional Okinawan diet mainly originates from soybean-

based products. In the traditional diet, soy was the main source of protein, and older 

Okinawans have arguably consumed more soy (e.g. tofu, miso) than any other population 

(Willcox et al, 2004;2009). Soy is rich in flavonoids, which have antioxidant-like effects and 

exhibit hormetic properties which can activate cell signaling pathways such as the Sirtuin-

FOXO pathway. For example flavonoids, such as genestein, are potent activators of gene 

expression in FOXO3, a gene that is strongly associated with healthy aging and longevity, 

among other health-promoting properties (Speciale et al. 2011). Isoflavones, the type of 

flavonoids most common in soy, also regulate the Akt/FOXO3a/GSK-3beta/AR signaling 

network in prostate cancer cells. Specifically, they inhibit cell proliferation and foster 

apoptosis (cell death) suggesting that isoflavones might prove useful for the prevention 

and/or treatment of prostate cancer (Li et al. 2008). More evidence is required from clinical 
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studies of human populations to better assess organ or disease-specific effects, as well as 

overall health effects of flavonoids in humans.

The tofu in Okinawa is lower in water content than typical mainland Japan versions and 

higher in healthy fat and protein. This makes tofu more palatable and may be a factor in the 

exceptionally high consumption in Okinawa (Willcox et al, 2004). The high consumption of 

soy in Okinawa may be connected to the low rates of breast and prostate cancer observed in 

older Okinawans (Douglas et al. 2013; Willcox et al. 2009; Wu et al. 1996; Yan & 

Spitznagel 2005).

Soy phytochemicals such as isoflavones, saponins, or trypsin inhibitors have also been 

shown to have strong anti-inflammatory effects (Dia et al. 2008; Kang et al. 2005; 

Hooshmand et al. 2007). Some isoflavones are potent dual PPARα/γ agonists and/or aryl 

hydrocarbon receptor (AhR) agonists and induce cell cycle arrest and modulate xenobiotic 

metabolism (Medjakovic et al. 2010). Moreover, soy protein hydrolysates can decrease 

expression of inflammatory genes in vitro (Martinez-Villaluenga et al. 2009) and, more 

importantly have potential clinical applications, in vivo (Nagarajan et al. 2008). Further 

therapeutic potential is present in soy-derived di-and tripeptides which have shown recent 

promise in alleviating colon and ileum inflammation, in vivo (Young et al. 2012). Genistein, 

a soy derived isoflavone, also can prevent azoxymethane-induced up-regulation of WNT/β-

catenin signalling and reduce colon pre-neoplasia in vivo (Zhang et al. 2013). More work is 

needed in human populations since most of this work has been in vitro.

Clinical studies have shown that ingestion of soy proteins can modulate risk factors for 

cardiovascular disease. This property originally led to the approval of the food-labeling 

health claim for soy proteins for prevention of coronary heart disease by the U.S. FDA 

(FDA, 1999). More recent meta-analyses have shown that the average LDL lowering effect 

of soy protein is only about 3%, which is lower than the previously reported 8% reduction 

that led to the original health claim, and additional analyses suggested no contribution to this 

effect from isoflavones (Sacks et al, 2006). A subsequent meta-analysis of randomized 

controlled trials suggested that soy isoflavones indeed contributed, in part, to reduction of 

serum total and LDL cholesterol in humans (Taku et al. 2007). The American Heart 

Association still advocates substitution of high animal fat foods with soy since it has other 

cardiovascular benefits in addition to LDL-lowering effects (Sacks et al, 2006).

However, evidence for other health benefits for soy isoflavones, such as the ability to lessen 

vasomotor symptoms of menopause, to slow postmenopausal bone loss, and to help prevent 

or treat various cancers, is less convincing, and more complicated than it initially appeared a 

couple of decades ago . The basis for the hypothesis originates manly from Japan, where 

observational studies show that soy consumption is high and women experience fewer 

menopausal symptoms and fewer hip fractures, and there has been far less hormone-

associated cancer incidence and mortality (e.g. breast, endometrium, prostate, colon) versus 

Western nations (Willcox et al. 2004; 2009). Nevertheless, despite the encouraging 

ecological evidence and the generally positive results from observational and 

epidemiological studies that indicate soy reduces breast cancer risk (Qin et al. 2006), 
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beneficial as well as adverse effects in relation to cell proliferation and cancer risk is still 

under study (Rietjens et al. 2013).

Brain health is an additional area of interest. For example, enzymes from fermented soy 

(natto) may help prevent the buildup of certain plaques in the brain linked to Alzheimer’s 

disease (Hsu et al. 2009). Finally, soy rates very low on the GI, and helps regulate blood 

sugar and insulin fluctuations (Willcox et al, 2009).

While we await more evidence regarding soy isoflavones for multiple health conditions, 

there does seem to be strong consensus that soy foods are of potential benefit to 

cardiovascular health due to multiple other factors as well---high content of fiber, 

polyunsaturated fats, vitamins, and minerals, and low content of saturated fat (Sacks et al. 

2006). Definitive conclusions regarding other health-related outcomes as well as 

pharmacokinetic issues that critically influence the biological activity of isoflavones (Vitale 

et al. 2013) will need to await further evidence.

Marine-based Carotenoids: Fucoxanthin, Astaxanthin, and Fucoidan

Marine-based carotenoids, such seaweed, algae, kelp are very low in caloric density, 

nutrient-dense, high in protein, folate, carotenoids, magnesium, iron, calcium, iodine, and 

have significant antioxidant properties. They represent relatively untapped potential for 

plant-based therapeutic products, including new and useful nutraceuticals.

Fucoxanthin is a xanthophyll that is found as a pigment in the chloroplasts of brown algae 

and most other heterokonts (ranging in size from very large multicellular kelp to unicellular 

diatoms of plankton), which have a brown or olive-green color. These foods are commonly 

consumed in the Okinawan diet (Willcox et al, 2004). Some interesting studies in animal 

models show that this carotenoid has multiple beneficial effects on metabolism, including 

reducing blood glucose and insulin levels, increasing the level of hepatic docosahexanoic 

acid, and attenuating weight gain, thereby holding promise as a potential dietary intervention 

for obesity, metabolic syndrome and Type 2 diabetes mellitus, among other related 

metabolic disorders (Maeda et al. 2008; Kim and Pangestuti, 2011; Miyashita et al, 2011). 

Fucoxanthin may also promote thermogenesis within fat cells in white adipose tissue 

(Maeda et al. 2008; Miyashita et al, 2011). One double-blind placebo-controlled human trial 

in obese women with showed that a seaweed extract containing fucoxanthin and 

pomegranate seed oil lost an average 4.9 kg weight loss over a 16-week period (Abidove et 

al, 2009). Studies of fucoxanthin show diverse potential health benefits, principally though 

biological activities including antioxidant, anticarcinogenic, anti-inflammatory, antiobesity, 

and neuroprotection (Kim and Pangesttuti, 2011: Miyashita et al, 2011).

Astaxanthin, a xanthophyll carotenoid, is a powerful, broad-ranging antioxidant from 

microalgae that also occurs naturally in a wide variety of living organisms such as fungi, 

complex plants, and sea life such as crustaceans and reddish colored fish (Guedes et al, 

2011). As such, is makes its way into the Okinawa diet through widespread means (Willcox 

et al, 2004). Results from multiple studies have revealed significant antioxidant and anti-

inflammatory properties for astaxanthin compounds and suggest that there is promise as a 

nutraceutical and cosmaceutical (Anunciato and da Rocha Filho , 2012). Data support this 
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carotenoid as a novel potential candidate for prevention and treatment of cardiovascular 

oxidative stress and inflammation, with thus far no evidence of the potentially fatal 

complications of NSAIDs (e.g. GI bleeding) or steroids, such as prednisone (bone less, GI 

bleeding, adrenal suppression) (Pashkow et al. 2008; Fasset and Coombs, 2011). Recent 

evidence suggests that that astaxanthin has promise for modulating aging through activation 

of the insulin signaling pathway and FOXO3 gene in particular (Yazaki, 2011). A recent 

review highlights clinical trials in model organisms and humans for astaxanthin in aging and 

age-related diseases (Kidd, 2011).

Fucoidan is another carotenoid with potential promise consumed in popular Okinawan 

marine foods, coming from sulfated polysaccharide found mainly in various species of 

brown seaweed such as kombu, wakame, mozuku, and hijiki (Senni et al, 2011). Research 

on fucoidan has focused primarily on two distinct forms: F-fucoidan, which is mainly 

composed of sulfated esters of fucose, and U-fucoidan, which is has a relatively abundant 

level of glucuronic acid, although there is variation in both depending upon the source and 

the season (Morya et al, 2011; Ale et al, 2011). Both U-fucoidan and F-fucoidan are popular 

neutraceuticals in Japan and other nations due to their potent free radical–quenching 

capabilities (Wang et al 2008) and other health-enhancing potential (Fitton, 2011; Morya, 

2011). For example, fucoidan may have anti-carcinogenic properties (Fitton, 2011). F-

fucoidan can induce apoptosis in human lymphoma cell lines (Aisa et al. 2005), and other 

studies have shown it can inhibit hyperplasia in animal models (Deux et al. 2002). The algal 

and invertebrate polysaccharides are also potent anticoagulant agents of mammalian blood 

and may represent a potential source of compounds for antithrombotic therapies (Pomin & 

Mourao 2008; Morya, 2011). See Figure 2.

Turmeric

Turmeric is a very popular spice in Okinawa which is used for cooking in soups or curries, 

or drank as a tea (Willcox et al. 2004). Recently it has become popular to consume in tablet 

or nutritional drink form as a liver “detoxifier” (especially when alcohol is consumed) or 

overall energy enhancer. Originally from India, turmeric is from the rhizome of Curcuma 
longa, and belongs to the ginger family. Tumeric was likely brought to the Ryukyu Kingdom 

(now Okinawa prefecture) through the spice trade, in which the Ryukyu Kingdom was an 

avid participant (Willcox et al, 2004). Traditional Indian medicine (Ayurvedic medicine), 

and other traditional medical systems in Asia, use turmeric or turmeric components, such as 

curcumin, for a wide variety of diseases and conditions, including those of the 

integumentary (skin), pulmonary, and gastrointestinal systems, and for pain, wounds, and 

liver disorders, among other conditions (Gupta et al, 2013).

Curcumin is a phenolic compound concentrated in the roots of Curcuma longa and has been 

extensively studied for its numerous biological activities including anti-inflammatory, 

antioxidant and anticancer properties (Ahser and Spelman, 2013). The anti-inflammatory 

capacity of curcumin correlates with a reduction of the activity of nuclear transcription 

factors in the NFkβ signaling pathway (Singh & Aggarwal 1995), which regulate the 

transcription of several proinflammatory genes.
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In C. elegans, curcumin extended lifespan and reduced intracellular ROS and lipofuscin 

during aging. It also affected body size and the pharyngeal pumping rate (a measure of 

healthspan) but not reproduction of wild-type C. elegans. The lifespan extension found by 

use of curcumin in C. elegans was attributed to its antioxidative properties. Specific genes 

implicated were osr-1, sek-1, mek-1, skn-1, unc-43, sir-2.1, and age-1 (Liao et al, 2011).

One of the mechanisms for curcumin’s anti-inflammatory properties is the inhibition of 

release of proinflammatory cytokines, such as tumor necrosis factor-alpha (TNF-α), 

IL-1β,and IL-6 (Jin et al. 2007). In one study, curcumin abolished the proliferative effects of 

IL-6 through blocking phosphorylation of the signal transducer and activator of transcription 

3 (STAT3) (Bharti et al. 2003). In a similar manner, curcumin downregulates the 

transcription factor activator protein 1 (AP1) through direct interaction with its DNA binding 

motif (Bierhaus et al. 1997) and inducing the inhibition of IL-1α and TNF-α (Xu et al. 

1997). Likely, the inhibition of AP1 and NF-kβ occurs through the chromatin remodeling 

activity of curcumin, where it may modulate histone deacetylase (HDAC) activity (Rahman 

et al. 2004). Moreover, curcumin attenuates inflammatory responses through the inhibition 

of lipoxygenase and cyclooxygenase-2 (COX-2) enzymes, which are responsible for the 

synthesis of proinflammatory prostaglandins and leukotrienes (Bengmark 2006).

Curcumin also acts as a strong anti-oxidant, having the potential to inhibit lipid peroxidation 

and to effectively intercept and neutralize ROS (Priyadarsini 1998) and NO-based free 

radicals (Sreejayan & Rao 1997). In this regard, curcumin demonstrates greater potency than 

vitamin E (Zhao et al. 1989).

The free radical chemistry of curcumin is based on the redox peculiarities of its phenol ring, 

and the possible involvement of the beta-diketone moiety, both of which may influence the 

antioxidant action of curcumin (Masuda et al. 1999). Beyond its ROS quencher activity, 

curcumin effects have been mostly associated with its ability to interfere at a molecular level 

with numerous cellular antioxidant pathways. Curcumin has been demonstrated to activate 

the nuclear factor erythroid 2-related factor 2 (Nrf2), leading to induction of the antioxidant 

responsive element (ARE) activated reporter genes (Balogun et al. 2003). Nrf2 belongs to 

the CnC (Cap’n’Collar) family leucine zipper transcription factors and is a conserved master 

regulator of cellular antioxidant responses. In this pathway (Nrf2/ARE), curcumin strongly 

induces expression of some cellular stress response genes (phase II detoxification enzymes, 

such as glutathione synthetase (GSS), and heme oxygenase-1), resulting in enhanced cell 

protection and better cell survival (Scapagnini et al. 2011).

Curcumin also appears as a potential blocker of cancer cell growth both in vitro and in vivo. 

The activity of curcumin reported against numerous diverse cancers (e.g. the hematologic 

cancers leukemia and lymphoma, gastrointestinal cancers, genitourinary cancers, breast 

cancer, ovarian cancer, head and neck squamous cell carcinoma, lung cancer, skin cancers 

including melanoma, neurological cancers, and cancers of muscle tissue such as sarcoma) 

reflects its ability to affect multiple, diverse targets (Sung et al. 2012).

However, cancer is not the only chronic disease for which turmeric holds promise. 

Epidemiological studies suggest that curcumin, as one of the most prevalent nutritional and 
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medicinal compounds used by the population of India, may be partly responsible for the 

significantly reduced (4.4-fold) prevalence of Alzheimer’s disease (AD) in India compared 

to United States (Chandra et al. 2001). Further studies on this issue are warranted, 

particularly since the prevalence of dementia among elderly population appears to be lower 

in the curcumin-consuming Okinawans when compared to the US or Japan populations 

(Ogura et al. 1995). Numerous pieces of evidence suggest that curcumin may be a promising 

therapy for AD because it has different neuroprotective activities, including antioxidant, 

anti-inflammatory and antiamyloidogenic properties. In a transgenic mouse model of 

Alzheimer’s disease, dietary supplementation with curcumin (160–5000 ppm) decreased the 

accumulation of amyloid beta-peptide, and markers of oxidative stress and inflammation in 

the cerebral cortex (Lim et al. 2001). Curcumin can directly protect cultured neurons against 

death induced by oxidative insults by the activation of nrf2 pathway (Scapagnini G et al. 

2006). Of note, curcumin exhibits protective effects on neuronal cells by inhibiting the 

aggregation of Aβ into oligomers and has a clearance effect on the existing Aβ (Cole et al. 

2007). A very interesting in vivo approach with multiphoton microscopy showed the ability 

of curcumin to cross the blood-brain barrier (BBB) and disrupt amyloid plaques (Garcia-

Alloza et al. 2007).

Interestingly, curcumin possesses both MAO-A- and MAO-B-inhibiting properties and has 

been shown to modulate the levels of noradrenaline, dopamine and serotonin in the brain, 

demonstrating antidepressant effects in animal models of depression (Scapagnini et al. 2012) 

and in patients with major depressive disorder (Sanmukhani et al. 2013).

Much of the research conducted to date on curcumin has been focused on exploring its 

protective and therapeutic effects against age-related degeneration. Recently the possibility 

that curcumin and its metabolites can modulate pathways directly involved in the 

determination of lifespan and extension of longevity, has been also highlighted (Shen et al. 

2013). Tetrahydrocurcumin (THC), an active metabolite of curcumin, produced after its 

ingestion, has been shown to extend lifespan of drosophila under normal conditions, by 

attenuating oxidative stress via FOXO and Sir2 modulation (Xiang et al. 2011). 

Curcuminoids may also affect mammalian longevity, as shown in mice fed diets containing 

THC starting at the age of 13 months, which showed significantly increased mean lifespan 

(Shen et al. 2013).

Summary and Conclusions

The traditional diet in Okinawa is based on green and yellow vegetables, root vegetables 

(principally sweet potatoes), soybean-based foods, and other plants, many with medicinal 

properties. This is supplemented by regular seafood consumption and consumption of 

smaller amounts of lean meats, fruit, and medicinal garnishes and spices. Sanpin (jasmine) 

tea is the principal beverage, consumed with meals and awamori (Okinawan sake) is the 

social drink of choice.

The dietary composition over the past half-century has changed from a low calorie diet 

dominated by low glycemic index carbohydrates, low in protein and fat, to one more 

moderate in all three macronutrients. While the caloric content has increased due to higher 
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consumption of calorically dense foods, the diet remains very healthy by most expert criteria 

including the National Cholesterol Education Program (NCEP), the U.S. Dietary Guidelines 

for Americans Advisory Committee, and the Unified Dietary Guidelines. Many of the 

characteristics of the traditional Okinawan diet are shared with other healthy dietary 

patterns, such as the traditional Mediterranean diet, the modern DASH diet, and the modern 

Portfolio diet. All these dietary patterns have been found to be associated with reduced risk 

for cardiovascular disease (Appel, 2008; Fung et al. 2001; Jenkins et al. 2007b; Sacks et al. 

2001; Willcox et al. 2009). Healthy fat intake is very likely one mechanism for reducing 

CVD risk factors, however, other mechanisms, such as the high amounts of phytochemicals, 

high antioxidant intake, low glycemic load and resultant lowered oxidative stress are also 

likely playing a role in reducing risk for cardiovascular disease and other age-associated 

diseases.

A comparison of the nutrient profiles of these dietary patterns in Table 1 showed that the 

traditional Okinawan diet is the lowest in fat, particularly in terms of saturated fat, and 

highest in carbohydrate. This is due to the very high intake of phytonutrient-rich yet calorie-

poor orange-yellow-purple root vegetables, such as sweet potatoes, and green leafy 

vegetables (Willcox et al. 2004; 2009). However, the traditional Okinawan diet has 

undergone extensive post-war change, most notably in terms of an increase in fat intake and 

a decrease in carbohydrate quality. The sweet potato has largely been replaced by white rice, 

bread, and noodles, as the main sources of carbohydrate. Despite the large increase in fat 

consumption in Okinawa since the 1950’s, fat intake for elders in Okinawa is still 

comparable to that of the DASH diet (at approximately 27% of total daily energy intake) and 

lower than that of the traditional Mediterranean diet (42%) (Kromhout et al. 1989; Sacks et 

al. 2001). Saturated fat remains less than 10% of total energy intake (around 7% versus 6% 

in DASH and 9% in Mediterranean), consistent with NCEP and Unified Dietary 

recommendations.

Despite a reduction of dietary carbohydrate, this macronutrient remains the highest in 

Okinawa versus other healthy diets (58% versus a low of 42% for Mediterranean) and 

protein intake, at 16%, falls between the lower Mediterranean (13%) intake and the higher 

Portfolio (20%) intake.

Overall, the important shared features of the aforementioned healthy dietary patterns include 

the following:

▪ Relatively high consumption of unrefined, low GI carbohydrates: principally 

vegetables, legumes, and fruits;

▪ Moderate fish and marine food consumption

▪ Lower intake of meat with emphasis on lean meats

▪ Liberal use of medicinal plants, herbs, spices or oils

▪ Regular tea consumption and moderate alcohol consumption.

These dietary patterns result in:
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▪ Healthy fat profile (higher in mono and polyunsaturated fats and lower in 

saturated fat; relatively high in omega-3 fat);

▪ Higher phytonutrient intake;

▪ Lower caloric density and intake;

▪ Less inflammation;

▪ Potential modulation of biological pathways linked to aging.

These shared features have contributed to the lower rates of cardiovascular disease (CHD, 

stroke), some cancers, diabetes and several other age-associated chronic diseases witnessed 

in the long-living Okinawan elders (Suzuki et al. 2001; Willcox et al. 2007; 2009; Sho 

2001). Indeed, interventional studies of the Okinawan diet have shown improvements in 

several risk factors that reflect odds for healthy aging, particular risk factors for 

cardiovascular disease.. For example, the Okinawan diet has been shown to be able to 

increase potassium excretion in normotensive healthy young women (Tuekpe et al. 2006) as 

well as raise levels of circulating endothelial progenitor cells (Mano et al. 2007). Circulating 

endothelial progenitor cells (EPCs) are playing an increasingly important role as biomarkers 

of cardiovascular disease and may improve risk stratification, as well as offer novel tools for 

monitoring disease progression and response to therapy (Grisar et al. 2011).

While the Okinawan elders have maintained a relatively healthy version of the Okinawan 

diet, dietary change in the post-war period has been mostly negative among younger 

Okinawans. Less healthy food choices in post-war generations has resulted in an increase in 

calories and a less nutritious diet; when combined with less physical activity, there has been 

a worsening risk factor profile in post-war generations (men in particular), who are at higher 

risk of obesity and possess higher prevalence of several other chronic disease risk factors 

(Todoriki et al. 2004; Willcox et al. 2012) versus previous generations and other Japanese. 

The contrast is particularly stark when viewed from a generational perspective. In two 

generations Okinawans have gone from the lowest BMI to the highest BMI among the 

Japanese population (Willcox et al, 2007).

As a consequence, there has been a resurgence of interest from public health professionals in 

the health enhancing effects of the traditional Okinawan diet and a movement to re-educate 

younger persons in eating a more traditional dietary pattern. Other similar movements exist 

in Japan, such as the slow food movement, and in America, such as the Oldways movement 

(www.oldways.org). All share in common a mission to educate the public about the health, 

family, and societal benefits of traditional diets.

In conclusion, the Okinawan diet, particularly the traditional diet represents a real-world 

dietary pattern that is among the healthiest in the world of traditional diets. While the food 

choices are more common to Asian diets, it shares many of the nutritional characteristics of 

other healthy traditional (Mediterranean) and modern diets (DASH, Portfolio) and is good 

choice for those who have a taste for healthy Asian cuisine and wish to embark on a path 

toward healthier aging.
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Highlights

Nutrition can alter risk for aging-related diseases rivaling pharmacotherapy in efficacy

Such eating patterns include the Okinawan, Mediterranean, DASH and Portfolio diets

These diets have abundant vegetable, legume, and marine functional foods

The Okinawan diet is especially rich in pharmacologically active phyto- and marine 

compounds

Several potential anti-aging compounds modulate insulin signaling and inflammatory 

pathways
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Figure 1. 
Traditional Okinawan diet food pyramid
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Figure 2. 
Antioxidant activity of Carotenoids and other Dietary Micronutrient
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Table 2

Food Group Intake in Traditional Diets of Okinawans and Other Japanese

Okinawa, 1949a Japan, 1950

Food Group Weight in grams (% total calories)

Grains 192 (33) 481 (75)

Nuts, Seeds <1 (<1) <1 (<1)

Sugars 3 (<1) 8 (1)

Oils 3 (2) 3 (1)

Legumes (e.g., soy and other beans) 71 (5) 55 (4)

Fish 15 (1) 62 (5)

Meat (incl. poultry)b 3 (<1) 11 (<1)

Eggs 1 (<1) 7 (<1)

Dairy <1 (<1) 8 (<1)

Vegetables 965 (58) 301 (8)

Fruit b,c <1 (<1) 44 (1)

Pickled Vegetables 0 (0) 35 (1)

a
Data derived from analysis of U.S. National Archives, archived food records, 1949 and Japan National Nutrition Survey, 1950.

b
Data derived from analysis of U.S. National Archives, archived food records, 1949 and Japan National Nutrition Survey, 1950.

c
Raw papaya classified as vegetable
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Table 3

Nutrient Content of One Medium Okinawan Sweet Potatoa

Macronutrients %DV b

Calories 251 kcal 13

Total Carbohydrate 61 g 20

Dietary Fiber 6 g 24

Total Fat 0 g

Protein 1 g 2

Micronutrients and other Constituents c

Vitamin A 1643 RE 100 c

Vitamin C 34 mg

Thiamin 0.2 mg 13

Riboflavin 0.07 mg 12

Niacin 0.97 mg 5

Vitamin B6 0.5 mg 25

Calcium 58 mg 6

Iron 1 mg 6

Magnesium 29 mg 7

Phosphorus 55 mg 6

Potassium 812 mg 23

Other

GI d 34 ± 2.3

GL e 11

a
Nutrient data source other than GI & GL: University of Hawaii’s http://hawaiifoods.hawaii.edu/index.asp. Percent Daily Values (%DV) are for 

adults or children aged 4 or older, and are based on a 2,000 calorie reference diet.

b
DV = Daily Value

c
5000 IU calculated into 1650 RE with methods provided by UMIN Nutrition Coordinating Center

d
Allen, J et al. The Open Nutrition Journal 2012:6:1–11.

e
GL calculated as GI/100 × grams available carbohydrate (total carb – fiber) per serving.
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Table 4

Micronutrient Content of the Traditional Okinawan and Japanese Diets

Amount % RDAJ a Amount % RDAJ a

Okinawa, 1949 b Japan, 1950c

Calcium (mg) 505.3 75 325.5 48

Magnesium (mg) 396.1 127 327.4 105

Potassium (mg) 5199.6 180 2712.3 94

Sodium (mg) d,e 1133 35 2451 76

Vitamin A (RE) 1252 165 337 44

Vitamin E (mg) 16.6 246 6.3 93

Vitamin K (mcg) 87.6 126 65.8 95

Vitamin B1: thiamin (mg) 1.4 118 1.1 92

Vitamin B2: riboflavin (mg) 0.5 38 0.5 38

Niacin (mg) 13.2 105 18.1 144

Vitamin B6: pyridoxine (mg) 3 240 1.6 128

Folate (mcg) 557.4 232 267.2 111

Vitamin B12: cobalamin (mcg) 0.6 25 4.0 167

Vitamin C (mg) 273.4 273 94.9 95

a
Japan Ministry of Health, Labour and Welfare 2010

b
Calculated from U.S. National Archive, archived food records, 1949.

c
Calculated from the Japan National Nutrition Survey and the Statistics Record of the Ministry of Agriculture, Forestry and Fisheries, Government 

of Japan, 1950.

d
This is the upper LIMIT RDAJ recommends. 8.25 grams of salt (mean of men 9 g, women 7.5 g) is 3242.25 mg of sodium.

e
Sodium intake is calculated from food sources only and therefore underestimated. The main sources of sodium intake in Japan are added to foods 

in the form of soy based sauces (including miso flavorings), salting of fish, pickling of vegetables, and adding while cooking.

Mech Ageing Dev. Author manuscript; available in PMC 2017 April 24.


	Abstract
	Introduction
	Achieving Healthy Aging: The Art of the Possible
	Reducing Risk Factors, Improving Biomarkers: The Potential of Dietary Therapy
	Is There an Ideal Dietary Pattern for Healthy Aging?
	The Western Diet
	The DASH Diet
	The Portfolio Diet
	Is variety the spice of life (and health)?
	The Okinawan Diet
	“Haute cuisine” Okinawan style
	Almost vegetarians—by circumstance
	Ten Characteristics of the traditional Okinawa diet

	Differences between the Traditional Okinawan and Japanese Diets
	The Healthiest of All Vegetables: The Staple Sweet potato

	Traditional medical uses for sweet potato for a modern age
	The free radical scavenging spud
	Low glycemic load
	Food is Medicine: The Okinawan Apothecary of Hormetic Phytochemicals
	Bitter melon
	Okinawan tofu
	Marine-based Carotenoids: Fucoxanthin, Astaxanthin, and Fucoidan
	Turmeric

	Summary and Conclusions
	References
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3
	Table 4

