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Explanation for the Japanese Paradox: Prevention of Increase in

Coronary Heart Disease and Reduction in Stroke

Hirotsugu Ueshima

Department of Health Science, Shiga University of Medical Science

Japan’s age-adjusted rate for mortality from stroke increased after the Second World War until 1965
and then showed a significant decline until 1990; however, the age-adjusted rate for mortality from
all heart disease and coronary heart disease (CHD) increased until 1970 and then declined slowly. A
puzzling question is why the rate of mortality from CHD declined in spite of an increase in serum
total cholesterol level following an increase in fat consumption.

It was confirmed that CHD incidence was far lower in several Japanese populations compared to
Western countries in the “Monitoring Trends and Determinants in Cardiovascular Disease” (MONICA)
project; therefore, the lower CHD mortality in Japan stems from the lower CHD incidence. CHD
risk factors based on epidemiologic cohort studies in Japan were no different from those of other in-
dustrialized countries: hypertension, hypercholesterolemia, smoking and diabetes mellitus (DM). So,
how can we explain this phenomenon?

There are three possible explanations. One is the decline in population blood pressure level and the
prevalence of hypertension during the years 1965-1990; the second is the decline in smoking rate in
men and women; the third is that the serum total cholesterol level for middle-aged and elderly popu-
lations remains 5-15 mg/dL lower than that of the US elderly counterpart, although men aged 40-49
in Japan and the US had similar serum total cholesterol levels. It was also noted that elderly people
in Japan, as observed in the Seven Countries Study, had far lower serum total cholesterol levels in
midlife, i.e., around 160 mg/dL in the 1960s. This was not the case for elderly in the US where a
higher serum total cholesterol level was observed in midlife.

In conclusion, the lower serum cholesterol level in the past of Japanese middle-aged and elderly peo-
ple compared to Western counterparts helps to maintain the low CHD incidence and mortality sup-
ported by the declining trend in blood pressure level and smoking rate for both men and women.
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Introduction
The high life expectancy rate in Japan has led the

world for over 20 years". This position has been main-
tained since the mid-1980s by overcoming the highest
stroke mortality rate in the world and also preventing
an increase in coronary heart disease (CHD)*®. The
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question raised is why Japanese people have lower
CHD mortality and incidence than other industrial-
ized countries in spite of an increase in serum total
cholesterol following an increase in fat consumption
and a high smoking rate®.

This review article discusses the possible reasons
for this phenomenon after reviewing trends in stroke

and CHD mortality, and associated risk factors.

Trends in Stroke and Heart Disease Mortality

Age-adjusted all-stroke mortality in Japan incre-
ased after the Second World War until 1965 and then
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Fig.1. Change in age-adjusted stroke mortality in Japan by
gender.

Age-adjusted all-stroke mortality for men and women peaked in

1965 and then declined substantially until 1990. Cerebral hemor-

rhage was higher than cerebral infarction when all-stroke mortality

was highest. Although cerebral infarction showed a peak in 1970,

this was later than that of all-stroke mortality, and it declined there-

after. Age-adjusted all-stroke mortality has slowed down since around
1990.

showed a significant decline untl 1990 (Fig.1)*. In
fact, an approximately 80% reduction in age-adjusted
all stroke mortality occurred during 1965-1990. On
the other hand, age-adjusted mortality from all heart
disease and CHD increased until 1970 and then grad-
ually declined (Fig.2)*®. Even in 1970, age-adjusted
mortality from all heart disease, CHD and acute myo-
cardial infarction (AMI) was far lower than that of
stroke (Fig.2)*?. Age-adjusted all-stroke mortality in
1965 in Japan was recorded as the highest rate in the
world?# whereas age-adjusted CHD and/or AMI mor-
tality around 1970 was one of the lowest rates among
industrialized countries, as in some Mediterranean
countries”.

The high stroke rate and low CHD mortality
rate is a specific feature of Japan among industrialized
countries and it continues to the present day, although
we were able to greatly reduce stroke mortality during
1965-2000.

A number of arguments remain regarding the
diagnostic approach in Japans lower CHD mortality
compared to other industrialized countries, because the
diagnosis of heart failure has a higher proportion in
Japan than in the US®; however, even if heart failure
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Fig.2. Change in age-adjusted heart disease mortality in Japan
by gender.

Age-adjusted all heart disease and coronary heart disease mortality
peaked around 1970, 5 years later than that of all-stroke mortality.
This has also declined steadily. The sudden change in mortality from
the all heart disease and heart failure before and after 1995 was due
to the change in the diagnostic approach for heart failure. Age-ad-
justed mortality from acute myocardial infarction maintained a low
rate with a slightly downward trend. A slight increase in 1995 for
acute myocardial infarction was also due to the diagnostic change.

is combined with mortality from ischemic heart dis-
ease, the rate is still lower in Japan than in the US?. In
addition, mortality from all heart disease is also lower6>

Validation studies on the incidence rate of myo-
cardial infarction were carried out in Osaka and Ky-
ushu” ¥. The two studies examined the extent to
which heart failure should be classified as AMI, and
concluded that the myocardial infarction rate did not
change significantly due to misclassification of heart
failure”®. Some incidences of heart failure should be
classified as myocardial infarction, while some inci-
dences of myocardial infarction should be excluded.
Therefore, mortality from all heart disease as well as
from CHD was lower in Japan than in the US and

other Western countries.

Trends in Incidence of Stroke and
Myocardial Infarction

The incidence of stroke, either thrombotic or
hemorrhagic, has declined in accordance with stroke
mortality’". Epidemiologic studies reveal that more
than half the decline in stroke mortality can be ex-
plained by the decline in its incidence®". It is also
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Fig.3. Age-adjusted (35-64 years) stroke incidence for MONICA and a Japanese study.

Age-adjusted (35-64 years) stroke incidence was compared between the MONICA study in 1985-87 and a Japanese study in 1989-92. The
diagnostic criteria of the MONICA study were used for the Japanese study. Stroke incidence for the six Japanese populations showed that the
rate was in the middle of these populations and definitely lower than that of Finland.

true that the decline in CHD mortality since 1970
brought about the decline in the incidence of acute
myocardial infarction®'?.

The Hisayama Study compares the incidence of
CHD as well as AMI, asymptomatic myocardial in-
farction and sudden death among three cohorts; the
oldest is a survey taken during 1961-73, the second one
during 1974-1986, and the latest during 1988-2000'".
Since the Hisayama Study is a long-term cohort study
with around 80% autopsy cases, it is suitable for de-
termining trends in CHD”'?. The trend in CHD in-
cidence in the Hisayama Study showed a decline be-
tween the second cohort and the third latest cohort,
which is compatible with the trend in CHD mortality
in Japan. The Hiroshima/Nagasaki Study also found
that the trend in incidence of AMI was similar to that
in CHD mortality in Japan'?.

International Comparison of the Incidence of
Stroke and Myocardial Infarction

Six Japanese cohorts are available for compar-

ing the incidence of AMI with that of the MONICA
Project (multinational monitoring of trends and de-
terminants in cardiovascular disease) conducted by
WHO ¥, The MONICA Project started monitor-
ing trends in AMI and stroke incidence, and their risk
factors in 1985' 2. Shortly afterwards, six Japanese
cohort studies were conducted using the same registra-
tion criteria for stroke and AMI, making it possible to
compare data with that of the MONICA Project'>"
(Fig.3, 4).

For stroke incidence, six Japanese populations
were included among the MONICA populations. The
data show that the Japanese populations did not have a
higher incidence rate of stroke compared to MONICA
populations in the world; in fact, the Osaka population
had a considerably lower incidence of stroke. These
results are compatible with those of stroke mortality
world statistics, as shown in Fig. 1.

As for AMI, all six Japanese populations showed
the lowest incidence rates among these populations
(Fig.4). The incidence in Finnish and British popu-

lations for men was 10 to 15 times higher than that
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Fig.4. Age-adjusted (35-64 years) incidence of acute myocardial infarction in MONICA and a Japanese study.

Age-adjusted (35-64 years) incidence of acute myocardial infarction was compared between the MONICA study in 1985-87 and a Japanese
study in 1989-92. The diagnostic criteria of the MONICA study were used for the Japanese study. The incidence of acute myocardial infarc-
tion in six Japanese populations was far lower than that in other MONICA populations followed by China and Mediterranean countries’ pop-

ulations.

of Japanese populations. China and Mediterranean
countries were also lower than other countries but
higher than Japanese populations. This incidence pat-
tern is also similar to that of CHD mortality in the
world ' 129; therefore, the lower CHD mortality in
Japan stems from the lower CHD incidence compared
to other industrialized countries.

Risk Factors for Stroke and CHD in Japan

The most potent risk factor for stroke, either ce-
rebral hemorrhagic or infarction, is high blood pres-
sure?!?, although hypertension is more specific to
cerebral hemorrhage than to cerebral infarction. The
higher the blood pressure, the higher the risk ratio.
There is no threshold between blood pressure and

stroke occurrence?>?%

and old®.

Smoking was not found to be a risk factor for
stroke in the past®® *); however, recent large cohort
studies in Japan, i.e. NIPPON DATAS8O0, show a clear
graded relationship between smoking and stroke*3",
as has been found in Western countries®" *?. One ex-
planation is that the magnitude of hypertension as a
strong risk factor weakened due to the decline in pop-
ulation blood pressure level*®. Since the smoking rate
for Japanese men is around 50% in spite of a substan-
tial decline, the population smoking risk contributable
to stroke in men is around 30%; this means that 30%
of strokes in men would be prevented by smoking ces-
sation?". In addition, it is estimated based on Japanese
cohort studies that a 1% reduction in the smoking

and this holds true for the young
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Fig.5. Trends in systolic and diastolic blood pressures for men and women in Japan, 1956-2001.

Systolic and diastolic blood pressure levels for men and women have declined substantially since around 1965, whereas the rate of stroke mor-
tality was highest in Japan. In particular, those in men and women aged over 60 years were much higher and evident compared to those for
men and women in their 30s to 50s. The lowering trend in systolic and diastolic blood pressure has slowed down since around 1990 and is
compatible with that of the similar slowdown phenomenon of stroke mortality.

rate in Japan would result in about a 1.3% reduction
in stroke”"; therefore, it is reasonably concluded than
the recent decline in the smoking rate in men contrib-
uted to the decline in stroke mortality and incidence.

Serum total cholesterol is not a risk factor for
stroke, either cerebral hemorrhage or cerebral infarc-
tion, in Japan®” *3”) because most incidents of cere-
bral infarction in Japan are caused by hypertension and
smoking'" 2% 39 Although atherosclerosis of large
vessels in the brain is caused by hypercholesterolemia®®,
the proportion caused by hypercholesterolemia is quite
low in Japan™?.

The most important risk factors for CHD are
hypertension, hypercholesterolemia, smoking and dia-
betes mellitus®" #?. These are no different from the
findings in the USA and European countries®.

Trends in Population Blood Pressure Level
and the Prevalence of Hypertension

The National Nutrition Survey of Japan has been
conducted since the Second World War for the pur-
pose of monitoring the population’s nutrition intake
through the random selection of families in govern-
ment statistical areas throughout Japan. Blood pres-
sure measurement was also introduced in 1956 in this
National Nutrition Survey of about 10,000 men and
women in randomly selected families*”. Japan is an
exceptional country in the world for monitoring its
population’s blood pressure level as well as for the prev-

alence of high blood pressure during the long period
since 1956>> 4.

Fig.5 shows the trend in systolic blood pressure
(SBP) level for men and women in 10-year age groups.
The figures for both men and women show that SBP
levels have declined since around 1965 for men aged
50 years and older and for women in all age groups.
The level in men aged 40-49 and 30-39 has also de-
clined since 1965. These declining trends are compat-
ible with the declining trends in age-adjusted stroke
mortality, that is, stroke mortality has also declined
since 1965 (Fig.1). For men aged 60-69, SBP de-
clined by around 15 mmHg during 1965-1990°.

The prevalence of severe hypertension, defined as
SBP=180 mmHg, in men and women has also de-
clined since 1965 and shows almost a similar pattern
to that of SBP?. For example, the prevalence of severe
hypertension in men aged 60-69 was around 21% in

1965 and only 4% in 1990.

Trends in Smoking Rate

The average smoking rate in men was 82.3% in
1965, which had decreased by 45.5% in 2005%". The
absolute decline in the smoking rate in men during
1965-1990 was around 20% (Fig.6). The smoking
rate in men in all age groups is continuously declin-
ing. In particular, the smoking rate in elderly men
aged 60 years and over has declined considerably from

74.6% in 1965 to 49.4% in 1990 and to 31.4% in
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Fig.6. Trend in smoking rate for men and women by 10-year age groups in Japan, 1970-2005.

The smoking rate in Japanese men was very high at around 80%, except for men aged 60 years and older, in 1970, while that of Japanese
women was far lower. The high smoking rate in men has declined considerably, especially in men aged 60 years and over. On the other hand,

that for young women aged 20-29 years has increased to 20%.

2005*". For women, the smoking rate is generally low
in all age groups and that of elderly women aged 60
years and older was 23.0% in 1965, 9.4% in 1990
and 5.5% in 20054V, Therefore, the absolute decline
in the smoking rate in men and women aged 60-69
during the years 1965-1990 was 15.2% and 13.6%,

respectively.

Trends in Serum Total Cholesterol Level

Serum total cholesterol increased substantially in
Japan following an increase in dietary fat intake. The
daily dietary fat intake for adults in 1950 was around
10% kcal of total energy intake; however, it increased
greatly to around 25% kcal in 1990% % 442

The Seven Countries Study recorded an average
serum total cholesterol level of around 160 mg/dL
in 1956 for men in Ushibuka and Tanushimaru in
Kyushu, and around 250 mg/dL for men in Kuopio,
Finland® Y. The Cerebro-Cardiovascular Survey in
1980 and 1990 of a representative Japanese popula-
tion showed a serum total cholesterol of around 190
mg/dL and 200 mg/d, respectively, in middle-aged
men> *? (Fig.7). These national trends were compati-
ble with the findings of a review paper on serum total
cholesterol for many cohort studies in Japan®. The
increasing trend in serum total cholesterol stems from
the increase in dietary fat intake in populations since
Keys's dietary factor® defined by fat intake in Japa-
nese populations was confirmed to be well correlated
with serum total cholesterol in populations*®. Fur-
thermore, the recent slowdown of dietary fat intake in
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Fig.7. 'Trend in serum total cholesterol for Japanese men com-
pared with Americans.

Serum total cholesterol levels in Japan increased during 1980-1990,
while those in America decreased gradually during around 1960-
1980. In the 1980s, there was a 40 mg/dL difference between Jap-
anese and American men aged 50-59 years, but this difference
had lowered to 15 mg/dL by 1990. For men aged 30-49 years, the
difference in serum total cholesterol level was around 5-8 mg/dL.
There were no changes in Japanese men and American men during
1990-2000, except for American men aged 60 years and over. The
data on American men aged 65 is for men aged 60 years and older,
but for Japanese men it is for 60-69 years.

Japanese populations*? is also compatible with the halt
in the increase of serum total cholesterol level with
some effect from treatment for hypercholesterolemia
in Japanese populations”.
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Possible Explanation for the Decline in
Stroke and Coronary Heart Disease

Hypertension and smoking are potent risk factors
for CHD and stroke' 2. The higher the popula-
tion blood pressure, the higher the risk of CHD and
stroke?'?* 2 As estimated in “Health Japan 217, if
the population SBP were lowered by 2 mmHg, the es-
timated reduction in CHD and stroke would be 4.8%
and 6.4%, respectively, based on Japanese cohort stud-
ies?V. Similarly, a 1% reduction in the smoking rate is
estimated to result in a 1.3% decrease in CHD and
stroke?".

Therefore, it is reasonably concluded that a re-
duction in population blood pressure level and also a
substantial reduction in the prevalence of severe hy-
pertension contributed greatly to the decline in CHD
mortality as well as stroke®. Since the average blood
pressure reduction in men aged 30-69 was around 7.4
mmHg and smoking rate reduction was approximate-
ly 20% during the years 1965-1990, it is expected that
CHD and stroke reduction would be 44% and 50%,
respectively. The actual reduction in CHD and stroke
mortality for men aged 30-69 was 51% and 79%, re-
spectively, during the same period. Therefore, more
than 80% of the observed reduction in CHD mortali-
ty for men aged 30-69 can be explained by the de-
crease in population blood pressure level and smoking
rate. Similarly, 63% of the reduction in stroke mortal-
ity can be explained by the same factors.

It is true in Japanese populations that serum total
cholesterol is a risk factor for CHD?! 2% 35 39, there-
fore, the increase in population serum total cholesterol
level directly contributes to increasing CHD in the
Japanese population. However, the increase in serum
total cholesterol appears mainly in young to middle-
aged populations® (Fig.7), and its adverse effects may
surface in later years. In contrast, elderly people as a
high risk group for CHD continue to maintain a level
lower than 200 mg/dL, similar to their lower level in
the past”. In addition, there was also a 5-15 mg/dL
difference in serum total cholesterol level between mid-
dle-aged to elderly men in Japan and the USA (Fig.7);
therefore, the adverse influence of raised total choles-
terol on CHD in the elderly is considered to be over-
come by the reduction in both population blood pres-
sure and smoking rate® 5. In addition, the increase
in serum total cholesterol is not related to the risk of
stroke?" 23539 it had no effect on stroke mortality
reduction. It is also worth noting that the elderly in
the USA in 1990-2000 had a higher serum total cho-
lesterol level when they were younger in 1960-70 than
when they were older (Fig.7).

Trends in Diabetes Mellitus

The trend in the prevalence of diabetes mellitus
(DM) is not precisely known, especially for age-ad-
justed and/or age-specific data. DM prevalence was es-
timated for half the subjects of the National Nutrition
Survey in 1997 and 2002%". Age-specific prevalence
of DM did not differ greatly except for elderly people
aged 70 years and over; however, with the rapidly ag-
ing Japanese population, we have not determined the
extent to which the prevalence of DM in the age group
of 70 years and older increased in the past 5 years®”.
Although conclusive data are not available to confirm
any trend in DM prevalence over the past three de-
cades, it is reasonably estimated that DM prevalence
in Japan increased somewhat following BMI increase
in men and elderly women. It is well known that DM
and glucose intolerance are a risk factor for stroke and
CHD in Japan; i.e., relative risk is 2-3%% %5V, There-
fore, the increasing prevalence of DM and glucose in-
tolerance may contribute in part to an increased ad-
verse influence on stroke and CHD.

Conclusions

A significant reduction in stroke mortality and
incidence has been achieved since 1965 as well as the
prevention of increased CHD mortality and incidence.
This phenomenon stems from the reduction in popu-
lation SBP and the smoking rate. On the other hand,
although the serum cholesterol level in Japanese peo-
ple in both genders and all age groups increased great-
ly following the increase in dietary fat intake, it is rea-
sonably concluded that its adverse effects on CHD
were overcome by the decline in SBP level and the
smoking rate in men and women. Nevertheless, the
present younger generation with a higher serum total
cholesterol level compared to that of past young gen-
erations, may face higher CHD incidence and mortal-
ity in the future. Therefore, we should carefully moni-
tor the new generations as well as the general popula-
tion for CHD incidence'#'®>"%2,
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