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Demographers have studied the Japanese mortal-
ity pattern since Japan became the most longevous
population worldwide, half a century ago. Nutri-
tion and lifestyle were considered by epidemiol-
ogists, gerontologists and other scientists as the
most important reasons explaining the Japanese
superiority. In Okinawa, the mortality pattern is
even more exceptional, but few demographers have
pointed out this exception. Other scientists pro-
posed different explanations — for example some
genetic characteristics, less salt and more animal
protein in the food, a mild climate, a higher level
of activity, a better consideration of the oldest in
the population and, globally speaking, a more tra-
ditional lifestyle. At the end of the 1980s, lower
improvements of mortality among young adults
were identified in Okinawa. In 2002, Okinawa fell

from the 4th to the 26th place in the ranking of the
47 Japanese prefectures by male life expectancy.
This has been considered by the population of
Okinawa as a ‘shock’. Our in-depth analysis of
available life tables and associated mortality rates
proves that the population of Okinawa is divided
into two groups of generations: those born before
World War II and those born after. The older gener-
ations clearly experience a highly favourable mor-
tality pattern, whereas the younger generations
show mortality levels that are definitively higher
compared to mainland Japan. This contribution
considers which factors may explain such a situ-
ation, including the plausible invalidation of the
age of some oldest in the population. We plea
for in-depth demographic age validation that will
enhance all scientific findings so far and boost the
exceptional longevity in Okinawa.
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Introduction

The first demographic assessment of Okinawa’s
population development was published by Taueber
in 1955 [1]. This island is the Japanese prefecture
that was the scene of the bloodiest battle of World
War II (WWII) and then remained under US control
until 1972. Taueber described the significant emi-
gration flows between the two wars and the major
impact of WWII — with more than 150,000 casu-
alties — on the age structure of Okinawa’s popula-
tion. Nevertheless, she did not point to any signs
of exceptional longevity among the Okinawan peo-
ple, since ‘estimates of the “true” level of mor-
tality in 1920 and the rates of decline thereafter
would have to involve so many assumptions that
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their value would be slight’ [1]. Since 1976, when
the first list of centenarians living on the island
was released, the fact of the exceptional longevity
on the island was largely disseminated. Neverthe-
less, very few demographers paid attention to Oki-
nawa’s exceptional situation, although many other
scholars proposed several explanations for it. The
present contribution aims at analysing the demo-
graphic aspects of that exceptional longevity and
the evolution to present day by comparison with
the situation in mainland Japan.

The emergence of exceptional longevity in Okinawa

The assumption that there are areas of the
world where people live longer than others began
to spread in the 1970s when American physi-
cian and scientist Alexander Leaf organized expe-
ditions sponsored by the National Geographic
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Society to explore areas of the world where heart
disease was rare and some people reportedly lived
to 140 or longer. In his seminal contribution pub-
lished in January 1973 in National Geographic,
Leaf described three long-living populations — liv-
ing, namely, in Abkhazia in the Caucasus Moun-
tains, in the Hunza Valley of Pakistan and in Vil-
cabamba in Ecuador — and detailed their excep-
tional longevity [2]. During the same decade, the
life expectancy in Japan surpassed the one in Swe-
den, which was at that time the leader in terms
of longevity [3]. In this context, it was not sur-
prising that the first article on the existence of
exceptional longevity in Okinawa was published
in 1976 by Yasuo Kagawa et al., including Leaf
as co-author [4]. The 1975 population census in
Okinawa enumerated 37 centenarians in its pop-
ulation of 1.04 million (a prevalence of 35.5 per
million), whereas in Japan as a whole, 568 cen-
tenarians were identified in a total population of
111.25 million (a prevalence of 5.1 per million).
Okinawa’s extraordinary longevity was immedi-
ately confirmed by Makoto Suzuki, a clinical car-
diologist and geriatrician who came from Tokyo to
establish the first medical school on the island.
With his team, he presented a first report on
the subject based on a social and medical survey
on centenarians alive in Okinawa in 1976 at the
eighth meeting of the Okinawa public health asso-
ciation [5].

At the same time, on the other side of the Pacific
Ocean, Leaf’s results from Vilcabamba were called
into question by Mazess and Forman [6], who
pointed out an exaggeration of the ages of the old-
est in the population. Thus, the scientific debate
about the validity of the age of the oldest in the
population erupted again in the work of Thoms [7].
In the absence of conclusive documentation, Leaf
was forced to acknowledge that the exceptional
longevity of Vilcabamba was due to age exaggera-
tion as he himself had found people in Vilcabamba
whose declared age had suddenly increased faster
than the chronological years would allow [8]. Age
exaggeration was also considered to be responsible
for the apparent extraordinary longevity of the old-
est in the population in Abkhazia in the Caucasus
Mountains and the Hunza valley of Pakistan due
to the lack of reliable birth registration systems.
Accordingly, all cases of alleged long-living popu-
lations were invalidated [9]. Concretely, in Georgia
(Caucasus), more in-depth verifications of individ-
ual records in family registers dated from 1938 to
1948 have demonstrated the obvious falsification
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of birth dates for still unclear reasons [10]. These
cases demonstrate that to identify the exceptional
longevity of a population, thorough age validation
is needed.

In Japan — Okinawa not included — nominative lists
of centenarians were established yearly since 1963
[11], and the first list of Okinawan centenarians
was published in 1975, enumerating the centenar-
ians alive on a comparative basis with all other
Japanese prefectures. In their study, Kagawa et al.
[4] divided the number of centenarians on the 1976
list to the population aged 65 and over as enumer-
ated in the 1975 census. They identified Okinawa
as the prefecture with the highest proportion of
centenarians in Japan. Thereafter, the 14th com-
pleted life table — released by the Ministry of Health,
Labour and Welfare — ranked Okinawa as having
the highest life expectancy among all 47 Japanese
prefectures. This first position was maintained up
to the end of the 20th century in all longevity
indicators: the life expectancy at birth, the life
expectancy at 65 and the proportion of nonage-
narians and centenarians in the total population
for both men and women [12]. The Japanese birth
registration system, the Koseki — that in parallel to
censuses provides data on the age composition of
the population — has been considered exhaustive
since 1872 and highly reliable [13]. Moreover, in
his comparative study of the mortality data at older
ages in 28 developed countries, Kannisto classified
Japan in the high-quality category [14].

Factors favouring exceptional longevity

As soon as the primacy of longevity in Okinawa
was announced, the quest for longevity factors to
account for Okinawa’s exceptional longevity was
initiated. Suzuki launched the ‘Living Centenar-
ian Study’ supported by funding from the Japan
Ministry of Health, Labour and Welfare. With his
team, he visited 32 of the oldest in the population
(aged 99 years and above) alive in Okinawa and
published a first paper on their characteristics [5].
Thereafter, Kagawa et al. presented their hypothe-
sis, with the aim of highlighting the factors likely
to explain — or at least be associated with — this
exceptional longevity. Their explanations were the
first covering a large spectrum of factors support-
ing the exceptional longevity in Okinawa [15]:

In Okinawa, very few people had a serious disease
before 60 years of age. (...). Their blood pressure,
especially the minumum blood pressure, was lower



JIM

than for the average Japanese over 70 years. The
preference for salty food and sugars was 33% and
48% respectively, but it was very low in the cente-
narians. (...) The intake of total energy and sugar
was lower and that of green-yellow vegetables and
meat was much higher for Okinawa than for the
average Japanese. (...) People in Okinawa are very
small: the average 14 year old Okinawan girl is
4.1 cm smaller and 4.3 kg lighter than one who
lives on mainland Japan. The heights and weights
are lower than those of the average Japanese over
70 years (male 155.2 cm and 52.5 kg ; female
142.2 cm and 44.8 kg). (...) Caloric restriction
in younger ages, provided that nutrients are bal-
anced, is reported to cause both low growth and
longevity. In Okinawa, along with nutrition, the
warm climate, hard continuous work and genetic
factors, etc. must be taken into account.

Subsequently, the growing body of scientific
research on the subject was brought together in
a programme entitled the ‘Okinawa Centenarian
Study’ [16] under the leadership of Suzuki. At
the same time, several demographers have focused
their investigations on the various reasons why the
life expectancy has risen so sharply in Japan in
the last decades of the 20th century [3, 17-19].
Nevertheless, except for Kaneko [20] and Taka-
hashi [21], researchers showed very little inter-
est in analysing the demographic aspects of the
exceptional longevity in Okinawa. Instead, geron-
tologists, physicians, nutritionists, geneticists and
other public health researchers attempted to
explain why mortality in Okinawa was lower than
in Japan as a whole. As already suggested by
Kagawa et al. [15], the explanatory factors cited by
these researchers are genetic, nutritional, climatic,
cultural and social, all of which help to explain the
primacy of the longevity in Okinawa and the gap
between mainland Japan and Okinawa.

In further publications, Suzuki et al. [22-24]
demonstrated the effect of hereditary, family
antecedents and genetic factors to explain the
exceptional longevity in Okinawa. Neverthe-
less, many authors consider nutrition to be the
main reason for Okinawa’s lower mortality rate,
highlighting the beneficial role of the fish-rice-soy’
trilogy. Matsuzaki [25] mentioned among other rea-
sons that the longevity in Okinawa may be linked to
the consumption of meat, little salt and important
physical activity in daily life, mostly in agricul-
ture. Takahashi [21] explained that Okinawa has
developed completely differently historically and

culturally from Japan. For example, Okinawan
people eat meat, mostly pork — their remoteness
from mainland Japan kept them untouched by
Buddhist precepts not to kill animals. According
to these authors, such diet plays a positive role in
preventing arterio-cerebral disease that has been
one of the main causes of mortality in Japan but
much less frequent in Okinawa. Other researchers,
such as Akisaka et al. [26] and Chan et al. [27],
also discussed the energy and nutrient intakes
of Okinawan centenarians and even enlarged the
spectrum of plausible nutritional factors favouring
longevity. Sho [28] explained that the concept that
food is medicine’ and a high regard for medical
practice are also intrinsic to Okinawan culture.
Okinawan food culture is intimately linked with
a highly developed social structure and network.
The same conclusions emerged from the survey
of nonagenarians carried out by the Prefecture of
Okinawa in 1995. These results showed that the
health of nonagenarians was marked by few degen-
erative diseases and a high level of immunization.
The reasons for this exceptional situation put for-
ward by the surveyed persons themselves were a
mild climate, excellent intergenerational relations
and a high regard for the oldest in the society.

Okamoto and Yagyu [29] studied the geograph-
ical distribution of centenarians in prefectures
of Japan and conducted a multivariate analysis
based on aggregated data. Their results showed
that the factors most often associated with a
high proportion of centenarians were mild climate,
higher income level, the proportion of people work-
ing in the service sector for aged people and the
relative number of places available in homes for
the elderly. Using a similar approach, Cockerham
et al. [30, 31] also found a positive correlation
between the level of socio-economic development
of Japanese prefectures — as measured by average
per capita income — and the life expectancy of their
population. Nevertheless, it turns out that Oki-
nawa prefecture has the highest level of longevity
but the lowest income. According to these authors,
nutritional factors and lifestyles specific to Oki-
nawa were to be taken into consideration to better
understand the exceptional longevity of this region,
despite its less favourable economic situation.

Similarly, several researchers emphasized the
important role of lifestyle habits and sleep health
among factors contributing to longevity in Okinawa
[32-35]. Physical exercise, daily activities and bone
density were predictors of longevity in Okinawa
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[36]. Others suggested that the explanatory
factors include preventive public health measures,
improved dietary habits, reduced stressors and
the adoption of healthier lifestyles. The favourable
socio-biological environment [37], both the cul-
tural climate and social practices [38] observed in
Okinawa, are probably related to cultural habits.
Accordingly, the traditional lifestyle observed
in Okinawa undoubtedly helps to explain this
exceptional longevity.

The first signs of Okinawa’s declining primacy

Okinawa’s life expectancy advantage over the pop-
ulation of Japan as a whole peaked in 1985.
Although it declined thereafter, Okinawa’s first
place among Japan’s 47 prefectures was main-
tained, but only until the last decade of the 20th
century (Ministry of Health and Welfare). Even in
the context of the gradual decline of Okinawa’s
advantage over Japan as a whole, the enthusiasm
of researchers to explain the primacy of Okinawa
did not subside, even long after the turn of the cen-

tury.

An analysis of regional differences in age-specific
mortality rates based on the same regional life
tables was conducted by Kaneko [20]. When com-
paring standardised mortality rates for Okinawa
compared to Japan as a whole, he highlighted the
relatively higher mortality in the age-groups 15—
19, 25-29 and 30-34 for men, and in the age-
groups 15-19 and 20-24 for women, but with-
out comments. Moreover, Takahashi [21] detailed
the difference between the contributions of each
age-group to the exceptional level of longevity but
did not highlight the unfavourable situation of
the younger generations aged 15-34 from 1975 to
1990, and 35-49 for the year 1990 that mainly con-
cerned men.

A survey on the exceptional longevity in Okinawa
carried out by the prefecture in 1995 highlighted
the changes in mortality of middle-aged people. The
report [39] made a distinction between two gen-
erational groups, stating: ‘However, some survey
results offered warning signals concerning future
longevity in this prefecture. Setting the middle-age
bracket at 50 to 55 years of age, the death rate
was found to be lower for older generations and
higher for younger generations when compared to
the national average. The reasons for this were
an increased disease in adulthood, such as can-
cer, heart disease, and cerebra-vascular disease,
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all caused by westernisation of lifestyle and diet,
as well as an increase in death by traffic accidents,
etc. among the younger generations. To counteract
this trend, it is important to provide health educa-
tion to the generations born after the war’.

The so-called ‘shock 26’

At the end of 2002, published data on regional mor-
tality based on the 19th complete Japanese life
table — including the updated ranking of Japanese
prefectures according to male and female life
expectancy — caused confusion. By its male life
expectancy, the prefecture of Okinawa was situ-
ated in the 26th place, compared to the 4th place in
1995. Even if the female life expectancy remained
in first place, this information came as a shock
to the people and authorities of Okinawa and is
known as ‘shock 26’. It was considered to be the
collapse of the myth of longevity, with important
impact even on the food industry, which largely
advertised on its basis [40]. On 3 September 2003,
Oomura published in the Asahi newspaper an arti-
cle with the ‘shock 26’ [41], presenting the results
of a health survey carried out soon after the ‘shock
26’, as well as comments made by Suzuki and B.
Willcox. The latter researchers believed that ‘auto-
mobilization’ — involving a lack of physical exer-
cise — disrupted eating habits, and higher alcohol
consumption are the main causes of the slower
improvement in longevity in Okinawa compared
with Japan.

Among the first publications after the ‘shock 26’
article, a chapter of a book published by the
Okinawa Times [42] questioned the exceptional
longevity in Okinawa. It addressed the changes in
eating habits and health in Okinawa, the impor-
tance of stress in everyday life and the increase of
the number of suicides. Even though little demo-
graphic data is added to illustrate these find-
ings, this book remains interesting insofar as its
publication itself showed a certain awareness of
the difference between reality and the image that
Okinawa generally held as being the island with
the highest longevity worldwide. Miyagi et al. [12]
examined why the longevity indicators in Okinawa
were once the highest in Japan, and what the rea-
sons were for their recent decline with an increase
of the three leading causes of death in 2000 com-
pared to their 1990 levels. They mentioned briefly
that mortality rates of men in Okinawa were higher
than the nationwide figures. for ages 20-49 but did



JIM

not investigate further in the comparison between
generations.

Despite the negative impact of the ‘shock 26’, inves-
tigations into the exceptional longevity on Oki-
nawa and its explanation continued to flourish over
the following decades. The familial transmission of
longevity was already brought to light by Suzuki
et al. in 1983 [22], whereas Willcox et al. confirmed
in 2006 [43] the heredity of longevity, proving that
siblings of Okinawan centenarians share lifelong
mortality advantages. The progress in analysis of
genes and genome sequencing allowed researchers
to seek longevity genes. The first paper on this
topic by Willcox et al. [43] concluded that based
on genetic studies on the Okinawan population,
Okinawans are a genetically distinct group, but
‘despite the observation that there is substan-
tial genetic contribution to human longevity, little
is known about what specific genetic effects are
involved’. Nevertheless, in further research, they
showed that the gene FOXO3 is strongly associated
with human longevity [44]. A further study inves-
tigated who the Okinawans are in terms of ances-
try and genome diversity and analysed implications
for the genetic study of human longevity from a
geographically isolated population [45]. After the
‘shock 26’, a large part of research interest still
focused on the traditional diet of Okinawan cen-
tenarians and more specifically on the impact of
calorie restriction [46] that people in Okinawa —
in a mild form but prolonged over about half of
their adult lives — have undergone [47]. Considering
the longer life expectancy, and the higher preva-
lence of centenarians in Okinawa, these arguments
have been used to support the hypothesis of the
positive effect of calorie restriction for increasing
lifespan in humans. However, no long-term epi-
demiologic analysis has been conducted on tradi-
tional dietary patterns, energy balance and poten-
tial calorie restriction phenotypes for the specific
cohort of Okinawans who are purported to have
had a calorically restricted diet [48].

Data sources for demographic analysis

The data sources available to investigate the trends
in exceptional longevity in Okinawa are the fol-
lowing: (i) annual lists of centenarians (Zenkoku
Koureisha Meibo), (ii) official statistics from pop-
ulation censuses and vital registration and (iii)
regional life tables at the level of the 47 prefectures,
including Okinawa.

Annual list of centenarians

Since 1963, a list of people aged 99 and over has
been published by the Ministry of Health, Labour
and Welfare in September each year for the whole
of Japan, but Okinawa is only included since
1975. The choice of these dates is linked to the
fiscal year that starts on April 1st and ends on
March 31st of the following year. As explained
by Robine et al. [13], these lists may be used to
estimate the number of centenarians on October
1st, considering that some oldest in the population
listed will die in September before October 1st and
that some others are only 99 years old and will
hopefully celebrate their 100th birthday before
March 31st. Accordingly, the ministry in charge of
annually releasing these figures introduces some
necessary corrections for annually disseminating
the total number of centenarians.

Population censuses and vital statistics

Population censuses have been taken every S years
since 1920 — with one exception in 1947 — to ascer-
tain the population situation of the country. The
census in 2020 was the 21st by order. During the
US occupation, census data were collected in Oki-
nawa by the Ryukyu Islands’ U.S. Military Govern-
ment in 1950 and the Government of the Ryukyu
Islands thereafter. Since 1975, the censuses in
Okinawa have been part of the general population
censuses of Japan.

Regional life tables

The Ministry of Health, Labour and Welfare pre-
pares and disseminates a set of complete life
tables for the 47 Japanese prefectures every 5-
year period. The 14th complete life table computed
in 1975 included for the first time Okinawa. The
23rd complete life table was recently released for
2020. The regional life tables are based on deaths
recorded for 5 years and the population enumer-
ated at census mid-period. The Japanese Mortality
Database [49] proposes a structure similar to the
one displayed in the Human Mortality Database
[50]. On its website, all data are disseminated since
1975, and these are similar to those produced by
the Ministry of Health, Labour and Welfare [51].

The number of centenarians

The number of centenarians in Okinawa increased
almost exponentially from 1975 to 2000 and con-
tinued to grow linearly thereafter (Fig. 1). From 29
centenarians identified in 1975, it grew to 889 in
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Fig. 1 Number of centenarians in Okinawa by gender and
sex ratio (1975-2021) (number of female centenarians per
100 male centenarians).
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Fig. 2 Life expectancy in Okinawa compared to Japan
(1975-2020).

2009 and peaked at 1271 in 2021 according to the
Japanese Mortality Database [49]. A clear increase
appears also in sex ratio, growing from 400 women
per 100 men in the mid-1980s to more than 800
in 2006, and thereafter declining slowly. Such a
high level is unique worldwide, showing that Oki-
nawa is characterized by exceptionally high female
longevity.

Evolution of longevity in Okinawa compared with Japan

Despite the fact that Okinawa was under US occu-
pation after WWII, the origins and history of its
population are interconnected with the one of
mainland Japan, as are the current socio-political,
cultural and economic environments, including the
health-care and social protection systems. Japan is
the leading country in terms of life expectancy, and
Okinawan longevity may be seen as a particular
facet of Japanese longevity. The following Figures
present longevity indicators of Okinawa compared
to the ones of Japan as a whole.

As shown in Fig. 2, the life expectancy at birth has
always been higher in Okinawa compared to Japan
as a whole, and both have grown rapidly during

6 © 2023 The Association for the Publication of the Journal of Internal Medicine.

Journal of Internal Medicine, 2024, 0; 1-13

the last 45 years. However, the relative increase in
Okinawa has not been as high as in Japan as a
whole, resulting in the convergence in female life
expectancy. Concerning the male life expectancy,
a crossover is observed and the fall in the ranking
among the 47 Japanese prefectures was brought to
public attention by the ‘shock 26°.

The exceptional longevity of the Okinawan popula-
tion can also be seen through the proportion of cen-
tenarians in the total population. The situation in
Okinawa is exceptional also in this regard. In 2003,
Okinawa passed the threshold of 40 centenarians
per 100,000 population, compared to just over 15
for Japan. However, the prevalence of centenarians
often appears to be a biased indicator of longevity
level, as the number of centenarians is related to a
population that has undergone large fluctuations
over the past century due to fertility and mortal-
ity, as well as important migratory flows. Therefore,
for the purposes of comparison, it is preferable to
use another indicator — the extreme longevity index
(ELI), which gives the probability for a newborn in a
given birth cohort to reach the age of 100 [52]. This
longevity index only considers centenarians born
in the studied population, regardless of whether
they are alive or dead. Centenarians who emigrated
from their place of birth and celebrated their 100th
birthday elsewhere in the world are considered in
the calculation if their existence is known. On the
other hand, all centenarians born outside the stud-
ied population are excluded. Thus, the longevity
index cannot be overestimated, and only a slight
underestimation may be expected insofar as not
all centenarians who died abroad are identified (82
centenarians who died in Hawaii are included in
the calculation of the longevity index).

The ELI (Fig. 3) calculated for cohorts born more
than 100 years ago — from 1875 to 1921 — shows
a somewhat similar situation, with earlier cohorts
having faster ELI growth in Okinawa, but Japan
having higher growth in later cohorts. The chi?
distance between two curves increases for cohorts
born in 1910 and decreases for the younger
cohorts.

Mortality rates by age and gender

As shown in Fig. 3, the ELI for the Okinawan
population has been higher than in Japan in all
observed birth cohorts, with a particularly big
difference appearing for cohorts born at the turn
of the century. The ratio of death rates in Okinawa
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Fig. 3 Extreme longevity index (ELI) by birth cohort, com-
pared between Okinawa and Japan (1885-1920). ELI is
the probability for a newborn to become centenarian. ELI
is computed based on the number of persons who reached
100 years and the number of newborn by year of birth
extracted from the Japanese Mortality Database [49]. The
chi? distance is computed between figures from Okinawa
and Japan.

compared to Japan shows that since the mid-
1980s, death rates in Okinawa have increased at
a faster rate than in Japan for all ages and for
both sexes (Table 1). Moreover, the death rate of
people under age 70 has already been higher in
Okinawa than in Japan as a whole for several
decades.

An appropriate approach to assess the mortal-
ity differences between Okinawa and Japan is to
use the sex-specific mortality ratios by S5-year age-
groups for each complete life table from 1975 to
2020 for Okinawa and Japan (Table 1). Tradition-
ally, any demographic change may be addressed
under three different perspectives: by age-group
(starting at age 50), by period (from 1975 to 2020)
or by birth cohorts that may be obtained by dif-
ference between period and age. The means of
these ratios by age-group and by period are pre-
sented in Table 1. In both cases, a U-curve is found
with a maximum advantage for Okinawa at the
period from 1985 to 1990 and at ages 80-89 years.
The worse situation for Okinawa is observed for
the more recent years close to 2020 and for the
youngest age-group of 50-54 years.

To better understand how each cohort, by gen-
der, has contributed to the decline of longevity
in Okinawa compared to Japan as a whole,
the data has been organized by birth cohorts,
and the average ratio was computed for each
of 5-year birth cohort. In Fig. 4, a clear dif-
ference appears between the generations. The
generations born in Okinawa before WWII had
a favourable situation compared to their peers

Table 1. Ratio between death rates in Okinawa compared to Japan by age and gender (1975-2020).

1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 Mean
Male
50-54 1.028 0.987 0.867 0.975 1.077 1.104 1.287 1.298 1.396 1.391 1.141
55-59 0.894 0.969 0.906 0.934 0.975 1.019 1.060 1.272 1.242 1.341 1.061
60-64 1.008 0.899 0.982 0.920 0.912 0.962 0.984 1.113 1.261 1.266 1.031
65-69 0.860 0.889 0.847 0.894 0.942 0.932 0.990 1.028 1.063 1.157 0.960
70-74 0.872 0.800 0.856 0.853 0.880 0.950 0.952 0.983 1.000 1.021 0.917
75-79 0.770 0.796 0.786 0.857 0.819 0.924 0.894 0.931 0.943 0.974 0.869
80-84 0.783 0.782 0.767 0.809 0.843 0.902 0.886 0.892 0.944 0.948 0.856
85-89 0.832 0.814 0.982 0.825 0.838 0.892 0.883 0.893 0.927 0.944 0.883
Mean 0.881 0.867 0.874 0.883 0.911 0.961 0.992 1.051 1.097 1.130
Female
50-54 0.897 0.845 0.859 0.930 1.032 1.043 1.074 1.152 1.194 1.195 1.022
55-59 0.877 0.833 0.877 0.877 0.882 0.939 1.045 1.031 1.183 1.177 0.972
60-64 0.805 0.791 0.841 0.869 0.888 0.958 1.105 0.987 1.115 1.193 0.955
65-69 0.736 0.751 0.743 0.782 0.829 0.934 0.973 0.982 0.958 1.082 0.877
70-74 0.672 0.685 0.711 0.741 0.844 0.886 0.904 0.984 0.932 0.994 0.835
75-79 0.706 0.687 0.704 0.723 0.767 0.863 0.896 0.874 0.960 0.961 0.814
80-84 0.684 0.690 0.708 0.727 0.759 0.798 0.823 0.872 0.883 0.926 0.787
85-89 0.763 0.743 0.734 0.735 0.755 0.806 0.814 0.850 0.882 0.931 0.801
Mean 0.768 0.753 0.772 0.798 0.844 0.903 0.954 0.967 1.013 1.057

Source: Japanese Mortality Database [49].

© 2023 The Association for the Publication of the Journal of Internal Medicine. 7
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Fig. 4 Average ratio, in logarithm, between death rates in
Okinawa and Japan, by sex and year of birth.

born elsewhere in Japan, and the advantage was
the biggest for generations born in Okinawa at
the turn of the 20th century and for women
compared to men. This situation gradually disap-
peared for cohorts born in the 1940s and turned
in the opposite direction thereafter. Cohorts born
after the 1950s in Okinawa had higher mortal-
ity rates compared to Japan as a whole. More-
over, this gap increased by each subsequent birth
cohort, and the mortality disadvantage is more evi-
dent among men.

Two groups of generations horn before or after WWII

Between the relative under-mortality of the older
generations and the obvious excess mortality of the
younger generations, the difference is enormous —
almost a factor of two. Therefore, any explanation
suggested must be able to account for the enor-
mous difference between these two groups of gen-
erations. Which factors — whether identical or dif-
ferent over generations — or regions of Japan might
be associated with the excess mortality of young
people, on the one hand, and the under-mortality
of older people, on the other? In the following sec-
tion, we discuss the various factors cited in the
scientific literature, maintaining the generational
approach.

The investigations conducted by Kaneko [20] and
Takahashi [21], as well as the results of the survey
of longevity in Okinawa [39], already highlighted
the changes in mortality for middle-aged people
before the ‘shock 26’. The increasing prevalence of
adulthood cancer, heart disease and cerebrovascu-
lar disease was pointed out, all these caused by the
westernization of lifestyle and diet. As reported by
Ryall, a Daily Telegraph correspondent in Tokyo,
‘an influx of foreign influences, ranging from fast
food to less exercise, the stress of modern life, as

8 © 2023 The Association for the Publication of the Journal of Internal Medicine.
Journal of Internal Medicine, 2024, 0; 1-13

well as a loss of the traditional sense of “ikigai”
are all to blame’ [S53]. In the same press article,
Suzuki — the initiator of the Living Centenarian
Study and the best scientist to consult on changes
that occurred in Okinawa during the last half cen-
tury — reacted as follows to the announcement of
the ‘shock 26 ‘The life expectancy of the people
of Okinawa is coming down quite rapidly, and we
believe the problem is that younger people have
failed to follow in the footsteps of earlier genera-
tions’ [53]. In traditional Okinawa, the family and
community were always very important, and the
people had little stress. Today, many Okinawans
have recently adopted the ‘hurry hurry approach’
to life that is more associated with the main-
land Japanese lifestyle [53]. Clearly, most of these
changes affected various aspects of the lifestyle and
are part of the process of westernization of the Oki-
nawan society that is closely linked to Okinawa’s
own history, and particularly to the US occupa-
tion between 1945 and 1972. The following reac-
tion, also reported in the media, is indicative of the
impact of the American dream on the Okinawan
people: T thought the Americans were the great-
est people on earth, an entirely different species.
They drove big cars, the whole family dressed well,
and they would go to the beach with their parasols.
They’d have barbecues. I still remember the smell
of grilled meat’ [54].

The excess mortality of the younger generations

The relative decline of longevity compared to
Japan is mostly due to the post-WWII genera-
tions. Lifestyle westernization in Okinawa under
US occupation certainly had its effect on the
unfavourable trend in the mortality of these
younger generations. Nevertheless, such lifestyle
changes can generally only be seen over a rela-
tively long period of time and are often difficult
to measure. Moreover, these likely affect similarly
the entire population, including older people. Two
important questions emerge: (i) Which aspects of
westernization have the highest impact, and (ii)
why are only the post-WWII generations affected?

The analysis carried out by Todoriki et al. [55] is
unequivocal. In 1945, in a country devastated by
war, the population lived mainly on food rations
distributed by the US Civil Administration of
the Ryukyu Islands. In this context, the biggest
change was the sudden replacement of sweet pota-
toes by rice, a radical change that was unique in
Japan. From 1960 onwards, when the population
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benefited from economic growth with increased
purchasing power and the lifting of controls by
the US Administration, there was an increase
in imports of foodstuffs from the American food
industry with high energy density foods that con-
tributed to an overall increase in caloric intake.
The generations most affected by this nutritional
transition were undoubtedly the children. The
widespread distribution of American style Tunch
boxes’ to schoolchildren has certainly greatly
amplified the situation that very quickly resulted
in growing obesity among the post-WWII gener-
ations. As would be expected with such a rapid
nutrition transition, younger Okinawans growing
up during the post-WWII period have been facing
higher risk for morbidity and mortality when com-
pared to other areas of Japan that have been less
affected by these large dietary and lifestyle shifts.
Indeed, Okinawa currently suffers from the highest
obesity rates in Japan, and metabolic syndrome
has become a significant burden [56]. Such lifestyle
shift has gradually taken place with overeating,
inactivity and obesity emerging as major public
health challenges [S55]. As a direct result of these
changes, the frequency of main causes of death tra-
ditionally low in Okinawa increased compared to
mainland Japan with an increase of the prevalence
of type 2 diabetes, acute myocardial infarction,
chronic liver disease and cirrhosis, diabetes melli-
tus and suicide. Trends in age-specific death rates
by these causes show that the survival lead of
Okinawa compared with the Japanese nationwide
situation disappeared gradually as the share of
cohorts born before WWII decreased in the total
population [57].

The under-mortality of the older generations

In this context of major and harmful nutritional
transition, how can we explain the obvious under-
mortality of generations born before WWII? One
hypothesis might be that the older generations
were already ‘prepared for’ exceptional longevity
before WWII by their traditional lifestyle that might
favour longer life. Being able to maintain this
lifestyle despite the context of the US occupation,
they could resist the westernization. However, the
life tables available before WWII did not show any
significant longevity advantage for men and women
in Okinawa compared to the rest of Japan. Con-
sidering that the life table computed in 1956 dur-
ing the US occupation was hardly comparable to
the one available in Japan, the first after-war life
table computed simultaneously in Okinawa and

Japan was done in 1975, and that was the first
time when the under-mortality of the older gener-
ations appeared.

According to the initial work of Kagawa [15] and
Suzuki [22] as well as the numerous studies car-
ried out within the Okinawa Centenarian Program,
different longevity factors have been highlighted,
but still, it is difficult to estimate the real con-
tribution of each of these factors. Nevertheless,
none of these — considered separately — can explain
the enormous survival advantage of older peo-
ple in Okinawa compared to their Japanese peers
but also compared to the younger generations.
Among other results, an association between the
FOXO0O3 gene and exceptional longevity has been
found [44], but it would be necessary to under-
stand why the generations belonging to the same
genetic pool and born after WWII did not benefit
from it.

Clearly, according to the literature, the main fac-
tor that could have favoured longevity in Oki-
nawa is calorie restriction — a hypothesis that has
been largely investigated [46, 47, 58] — but there
are still arguments against the fact that calorie
restriction may really be beneficial for the lifes-
pan of human beings [59, 60]. Incidentally, if
calorie restriction can be considered a factor in
longevity, it is important to consider that the nutri-
tion pathway of the Okinawa population included
some significant famines. In 1923, the great Kanto
earthquake and the worldwide effects of the Great
Depression caused a chronic economic recession
which severely affected the lives of Okinawans.
Food became scarce, and Okinawans were forced
to process and eat a toxic plant in the cycad family
to survive [61]. Later, WWII events brought a new
famine, which culminated in the Battle of Okinawa
from 1 April to 22 June 1945, and a severe short-
age of food was still present after the war. To help
the population, the US Administration distributed
rationed food for several years. During these dif-
ficult periods, can we speak of a voluntary calo-
rie restriction that would respect the basic nutri-
ents essential to live? Is it conceivable that this
forced calorie restriction could be a kind of dietary
hormesis which, in response to a mild stress due
to a temporary food shortage, would enable the
body to unlock new strategies that would allow it
to live longer and in good health? The nutritional
change after WWII (rather than a progressive tran-
sition) is part of the timeframe modelled on the US
occupation that had an impact on all generations

© 2023 The Association for the Publication of the Journal of Internal Medicine. 9
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but especially on those born during that period,
whereas the loss of the traditional way of living was
gradual and did not affect the old generations so
strongly.

The validity of age of centenarians in Okinawa

Although the considerable nutritional changes of
the lifestyle are very likely responsible for the
reversed longevity gap for the post-WWII genera-
tions in Okinawa compared to Japan as a whole, it
is hardly plausible that they explain the entire huge
difference between Okinawa’s younger and older
generations compared to their peers in mainland
Japan.

In 1991, Coale [62] — a world-renowned demogra-
pher —warned that ‘data on ages listed in censuses,
surveys, or registers of a population must be scru-
tinized critically, even when there are reasons to
suppose that the data are accurate. Accuracy of
most of the data does not mean that all data are
accurate; as William Brass said, all data are guilty
until proven innocent’. In centenarian studies, age
validation is an important initial task to be care-
fully performed, as so many alleged centenarians
have been unvalidated [63]. In the New England
Centenarian Study, Perls et al. [64] compared the
declared age at census with the birth certificate of
each centenarian and found some errors. Theoret-
ically, four types of errors on age may be consid-
ered. The first one is strictly linked to hazard, and
reported age may be considered distributed ran-
domly around the real age following a Gaussian
distribution. For the second type, reported ages are
also randomly distributed but probably include an
unconscious but systematic tendency for overes-
timation. The third situation would correspond to
a clear willingness to exaggerate age to get some
benefit. In the specific situation of Japan, a fourth
type of possible error might be of an exactly 12-year
difference compared to real age corresponding to
the repeating sequence of the twelve zodiac animal
signs [65].

In the case of Okinawa, the question was raised
already two decades ago [52]. Briefly, it may be
summarized as the following: In Japan, the age of a
person is identified based on the Koseki, the family
registry that includes the individual birth records
of all family members. During the Battle of Oki-
nawa, most Kosekis on the island were destroyed.
Temporary Kosekis were reissued, not only as fam-
ily and civil status registers but also for the dis-

10 © 2023 The A iation for the Publi
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tribution of food rations and to fix the list of Oki-
nawans who would be asked to help the Ameri-
can army. Nishihara [66] conducted an in-depth
analysis of the circumstances of the reconstruction
of the Koseki in Okinawa and concluded that this
reconstruction had been done within a very diffi-
cult context due to the loss of documents destroyed
during the war but also due to the poor coordi-
nation between the US Administration in Okinawa
and Japan thereafter. He highlighted several prob-
lems encountered when reissuing Koseki, includ-
ing false declarations of age. Matsuzaki [25] also
addressed the reliability of information extracted
from the Koseki and mentioned that he found sev-
eral errors in date of birth. These statements indi-
cate a fairly high risk that the age data recorded in
reconstructed Koseki — not being based on original
documents of birth — may have differed somewhat
from the person’s actual age which would confirm
Okinawa’s status as a Longevity Blue Zone [67].
The above-mentioned arguments questioning the
validity of extreme ages of Okinawans have been
refuted by Willcox et al. [68] and Robine et al. [69].
Their contra-arguments are based on the fact that
some age heaping, the absence of too extreme age
at death or exceptionally high proportions of cente-
narians aged 110+ compared with 105+ and 105+
compared with 100 as well as unusual sex ratio
of centenarians were not found. These indicators
supported the existence of an exceptional popula-
tion longevity in Okinawa, as all observed figures
ranged within reasonable values. However, these
arguments — even if necessary — are not direct proof
that all data are correct, and these are not suffi-
cient for the validation of exceptional population
longevity. Even if individual age validation is quite
difficult in Japan because of limited access to orig-
inal individual data sources, cross-checking indi-
vidual data from independent data sources is cru-
cial for identifying a statistically significant num-
ber of alleged centenarians [70].

A plea for further investigations

Future scientific investigations are needed on both
groups of generations identified in this review: the
post-WWII generations who exhibit an excess mor-
tality compared to their peers in mainland Japan,
and the older generations for whom, oppositely,
lower mortality rates are observed.

For the younger generations, the Okinawa Prefec-
tural Government launched after the ‘shock 26’
some projects with the goal of recapturing the
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title of highest average life expectancy for both
men and women by 2040. More recently, a coop-
eration agreement was signed with the Okinawa
Labour Bureau to promote an effective policy for
improving the health of working-age individuals
(ages 20-64) [71]. In this context, more in-depth
scientific investigations are expected to under-
stand the underlying factors responsible for the
excess mortality and to support such policies that
are essential to sustain the wellbeing of the popu-
lation of Okinawa in the future.

For the older generations, some arguments show
that possible age misreporting and age exagger-
ation may occur. Japanese sources — and more
specifically the Koseki — are in general highly reli-
able [13, 72] but mainly due to the peculiari-
ties of the reconstruction of the Koseki in Oki-
nawa after WWII, some errors in age might have
occurred. In fact, the longevity indicators may be
affected even by relatively few errors in age. Such
errors cause rather more over- than underestima-
tion of longevity. Preston et al. [73] demonstrated
that, in the presence of age misreporting, there is
always underestimation of mortality rates at old
ages. Our investigations do not put into question
the various findings on determinants of the excep-
tional longevity in Okinawa. The apparent advan-
tage of Okinawa’s population longevity for genera-
tions born before WWII is so remarkable that — even
in the event of possible misreporting of ages — the
situation in Okinawa remains exceptional, which
would confirm Okinawa’s status as a Blue Zone.
Still, a reconsideration of the reliability of the pop-
ulation longevity on the island is expected, and this
should start with an in-depth demographic analy-
sis based on individual and genealogical data.
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