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Abstract

Background

We aimed to quantify contributions of changes in risks and uptake of evidence-based treatment
to coronary heart disease (CHD) mortality trends in Japan between 1980 and 2012.

Methods

We conducted a modelling study for the general population of Japan aged 35 to 84 years using
the validated IMPACT model incorporating data sources like Vital Statistics. The main outcome
was difference in the number of observed and expected CHD deaths in 2012.

Results

From 1980 to 2012, age-adjusted CHD mortality rates in Japan fell by 61%, resulting in 75,700
fewer CHD deaths in 2012 than if the age and sex-specific mortality rates had remained
unchanged. Approximately 56% (95% uncertainty interval [Ul]: 54-59%) of the CHD mortality
decrease, corresponding to 42,300 (40,900-44,700) fewer CHD deaths, was attributable to
medical and surgical treatments. Approximately 35% (28-41%) of the mortality fall
corresponding to 26,300 (21,200-31,000) fewer CHD deaths, was attributable to risk factor
changes in the population, 24% (20-29%) corresponding to 18,400 (15,100-21,900) fewer and
11% (8-14%) corresponding to 8,400 (60,500-10,600) fewer from decreased systolic blood
pressure (8.87 mmHg) and smoking prevalence (14.0%). However, increased levels of
cholesterol (0.28 mmol/L), body mass index (BMI) (0.68 kg/m?), and diabetes prevalence
(1.6%) attenuated the decrease in mortality by 2% (1-3%), 3% (2—-3%), and 4% (1-6%),
respectively.

Conclusions

Japan should continue their control policies for blood pressure and tobacco, and build a strategy

to control BMI, diabetes, and cholesterol levels to prevent further CHD deaths.
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Introduction

Japan has the lowest coronary heart disease (CHD) mortality rate in the world *. Death rates
from acute myocardial infarction further declined in Japan from the 1980s to 2000s.
Additionally, the relative decline in death rates from acute myocardial infarction was larger in
Japan than in other Western populations . The decline in age-adjusted CHD mortality in
Japan has occurred in spite of recent increases in key risk factors including elevated levels of
body mass index (BMI) and cholesterol >’: however, that has occurred accompanied with a
decrease of total cholesterol in other developed countries . Due to this uniqueness related to
CHD mortality and its trend in Japan, strategies preventing further CHD deaths in Japan could
be different from other developed countries. Therefore, it is important to quantify contributions
of changes in risk factor levels towards changes in CHD mortality rates to identify effective
strategies for preventing further CHD deaths in Japan.

The IMPACT model was developed to explain the decline in CHD deaths by
quantifying the contributions of temporal changes in exposure to risk factors and uptake of
treatments. The model has been previously validated and used to help explain such falls in
mortality in more than 20 countries ®*. However, to our knowledge, no studies have attempted
to quantify the relative contributions of specific therapies and risk factors in Japan, which has a
population with low risk of CHD mortality.

We, therefore, applied the IMPACT model to estimate the contribution of changes in
risk factor levels and uptake of evidence-based treatment on trends in CHD deaths between

1980 and 2012 in Japan.

Methods
We implemented the previously validated, cell-based, IMPACT mortality model for the
Japanese adult population . The model was used to estimate the contributions of

population-level risk factor changes and increases in the uptake of evidence-based treatments
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on the CHD mortality decline in Japan between 1980 and 2012 for adults aged 35 to 84 years.

The IMPACT mortality model applies the relative risk reduction quantified in previous
randomised controlled trials (RCT) and meta-analyses to estimate the mortality reduction
attributable to A) temporal change in risk factor prevalence and B) net change over the period in
the uptake of specific treatments in patients with each specific form of CHD.

The model includes all the major CHD risk factors: smoking, systolic blood pressure
(SBP), total cholesterol, BMI, diabetes, and physical inactivity. It also includes the 16
evidence-based medical and surgical treatments that are widely used in nine different disease
groups ™. The present study was approved by the ethical committee of the National Cerebral

and Cardiovascular Center in Suita, Japan (M27-104-2).

Data
We investigated all possible sources in Japan providing data to inform model parameters and
selected the most up-to-date, representative datasets. We obtained mortality rates specific to
age-sex groups for coronary heart disease from Vital Statistics in Japan
(http://lwww.mhlw.go.jp/english/database/db-hw/vs01.html). Population estimates and CHD
death counts ICD 9 (International classification of diseases, ninth revision codes 410-414, 429.2
for 1980 and ICD 10 120-125 for 2012) by ten-year age-bands and sex were also obtained from
Vital Statistics in Japan.

Data on admissions and medical treatments came from the Japanese Registry of All
Cardiac and Vascular Diseases (JROAD) registry of the Japanese Circulation Society **,
National Patient Survey of Ministry of Health, Labour and Welfare *°, and the All-Japan-Utstein
Registry *°. Data on trends in risk factors came from the National Survey on Circulatory
Disorders in 1980 and the National Health and Nutrition Survey (NHNS) in 2012 *’. More
details on data sources are available in the Technical Appendix (see Appendix 5.3).

Diabetes prevalence in 1980 was defined as a casual blood sugar >200 mg/dl or treated
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diabetes. However, we were unable to obtain diabetes prevalence in 2012 based on the same
definition because casual blood sugar levels were not measured in 2012. Note that HbAlc
levels were not measured in 1980. Therefore, we calculated the diabetes prevalence in 2012 as
follows to use similar definitions between 1980 and 2012. First, we calculated the prevalence of
diabetes based on HbAlc (>6.5%) in 2012. Second, we calculated ratios of prevalence of
diabetes based on casual blood sugar to that based on HbAlc in 2010. The ratios were 0.88 for
men and 0.78 for women. Finally, the prevalence of diabetes calculated in the first step were
multiplied by the ratio calculated in the second step. More details on this adjustment are

provided in the Technical Appendix.

Observed and expected number of CHD deaths

Substantial changes in the coding of causes of death in Japan from ICD 9 to ICD 10 were
introduced in 1995. Therefore, to estimate the true decline in the observed number of deaths
from coronary heart disease in Japan for 1980-2012, official vital statics data needed to be
adjusted. We estimated the number of deaths from coronary heart disease before 1995 by using
a Poisson regression model, fitting the number of deaths from coronary heart disease as the
outcome and years as the explanatory variable. A detailed explanation of these calculations is
available in section 2.1 of the Technical Appendix.

The number of CHD deaths expected in 2012 was calculated by multiplying the age
and sex-specific CHD mortality in 1980 by the relevant population counts for 2012, yielding
the expected number of deaths in 2012 had age and sex-specific mortality rates remained
unchanged since 1980. The difference between the number of expected and observed deaths
represented the mortality fall, expressed as the total number of CHD deaths prevented or
postponed (DPPs). This needed to be explained by the combined changes in risk factor levels
and treatment uptake between 1980 and 2012. If the model did not fully explain all deaths

prevented, we assumed any shortfalls would reflect unmeasured risk factors or imprecision in
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the model parameters.

Mortality reductions attributable to treatment uptake

We specified relevant treatments for each of the nine mutually exclusive disease groups (see
Technical Appendix). The first component of the IMPACT mortality model calculates the net
benefit of treatments in 2012. Firstly, we calculated the estimated number of DPPs in 2012 by
multiplying the 2012 age-sex- specific treatments uptake levels by the population counts for
2012 in that age-sex-stratum, by the one-year case fatality rate and by the relative reduction in
the case fatality rate estimated to be due to the administered treatment.

Many effective treatments were not in use in 1980 in Japan. We therefore calculated
the net benefit of treatments in 2012 as the difference between the number of untreated patients
in 1980 and the number of patients treated in 2012 (i.e. using the 2012 uptake rates).

We specified nine mutually exclusive disease groups (see Technical Appendix). To avoid double
counting of patients, we constructed distinct, non-overlapping CHD patient subgroups. The
patient numbers in some groups, for instance angina in community and heart failure in
community, were therefore adjusted for several conditions. For example, we adjusted the
number of angina patients in community to account for the fact that Japan has a large
prevalence of vasospastic angina, estimated to be at 40% of angina cases 2. We also adjusted
the number of heart failure patients in the community to allow for probable underestimation in
the Patient Survey conducted by the Ministry of Health, Labour and Welfare, Japan. Details of

these assumptions are presented in the Appendix, section 5.1.

Mortality reductions attributable to risk factor changes
We calculated the absolute change in each risk factor between 1980 and 2012 by using
generalized linear models with normal distribution and identity link for the continuous risk

factors (such as total blood cholesterol and BMI) and generalized linear models with a binomial
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distribution and logit link function for categorical variables (for the details, please see Technical
Appendix 2.1.). We then estimated the mortality benefits of an absolute change in each risk
factor between 1980 and 2012 with a regression-based approach for factors measured on a
continuous scale, using sex and age-specific independent regression coefficients of mortality
benefit for a unit change in mean risk factor obtained from published multivariate analyses
(Technical Appendix, table I). For binary variables (such as smoking), we used a population
attributable risk fraction approach using sex and age-specific relative risks from the most recent
meta-analyses and population cohort studies (Technical Appendix, Table J).

Recent reductions in CHD mortality obviously reflect the result of simultaneous
changes in multiple risk factors. We therefore jointly estimated mortality benefits of changes in
risk factors by using the cumulative risk reduction approach, rather than simple addition

(Technical Appendix, section 1.3).

Sensitivity analysis

We calculated 95% uncertainty intervals (Ul) around the model output by using the Monte
Carlo simulation. This calculation involved replacing all fixed input parameters used in the
model by appropriate probability distributions and by repeatedly recalculating the model output
with values sampled from the defined input distributions. We used the Excel add-in Ersatz
software (www.epigear.com) to do 1000 runs to determine the 95% Uls of the deaths prevented
or postponed (2.5th and 97.5th percentile values corresponding to the lower and upper limits)

(see Technical Appendix).

Results

The number of CHD deaths in 2012 observed and expected (based on an assumption that CHD
age and sex-specific mortality rates in 1980 persisted through 2012) were 49,300 and 125,000
respectively. Thus, a total of 75,700 deaths were prevented or postponed (DPPs) (Table 1).
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Of the 75,700 DPPs, approximately 42,300 ([UI]: 40,900-44,700) fewer CHD deaths
were attributable to medical and surgical treatments representing some 56% (95% Ul: 54% to
59%) of the total mortality fall (Table 2 and Supplemental Figure 1). Approximately 26,300
(21,200-31,000) fewer CHD deaths were attributable to risk factor changes in the population,
representing some 35% (28% to 41%) (Table 2 and Supplemental Figure 1). The remaining 9%

was attributed to changes in other unmeasured factors or model imprecision.

Medical and Surgical Treatments

Substantial contributions came from therapy for angina in the community (21.1% [20.5% to
21.8%)]) of the total mortality decrease corresponding to 16,000 [15,500 to 16,500] fewer CHD
deaths) and for heart failure in the hospital (7.2% [6.4% to 8.1%] of the total mortality decrease
corresponding to 5,500 [4,800 to 6,100] fewer CHD deaths)(Table 3 and Supplemental Figure
1). ACE inhibitor and beta-blocker benefits across all diseases accounted for approximately
12% (corresponding to 9,100 fewer CHD deaths) and 13% (corresponding to 9,800 fewer CHD
deaths) respectively of the total mortality fall. Both had been introduced after1980. For the

details, please see Table 3.

Risk factor changes

We observed both favourable and un-favourable risk factor changes. The largest contribution
from risk factor changes at population level was due to the 8.4 mmHg fall in SBP in people not
on antihypertensive drugs; this generated approximately 18,400 (14,900 to 22,300) fewer deaths,
representing 24.4% (19.7% to 29.4%) of the total mortality decrease (Table 2). In contrast, the
additional benefits from the treatment of SBP were three-fold less, and approximately 7,200
(5,800 to 8,600) deaths averted corresponding to 9.5% (7.7% to 11.4%) of the total mortality
decrease (Table 3). The second largest contribution came from the fall in population smoking

rates, accounting for approximately 8,400 (5,900 to 10,600) deaths averted, corresponding to
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11.1% (7.8% to 14.0%) of the total fall. Increased leisure time physical activity accounted for
approximately 5,700 (4,500 to 6,700) deaths prevented or postponed corresponding to 7.5%
(5.9% to 8.9%) of the total mortality decrease.

The gains from decreases in SBP, smoking, and physical activity, were partly cancelled
out by increases in cholesterol, BMI, and diabetes. Diabetes prevalence increased from 9% to
11%, which resulted in approximately 2,600 (900 to 4,500) additional deaths, representing
some 3.5% (1.2% to 5.9%) of the total deaths (Table 2). Increases in mean BMI from 22.5 in
1980 to 23.2 in 2012 contributed approximately 2,000 (1,600 to 2,400) extra deaths, an
additional 2.7% (2.1% to 3.2%) of total CHD deaths (Table 2). Increases in mean cholesterol
(4.93 to 5.22 mmol/L) accounted for approximately 1,600 (760 to 2,600) additional deaths
corresponding to 2.2% (1.0% to 3.4%) of the total CHD deaths (Table 2). This effect was
blunted by subtraction of statin benefits (4.0% [3.4% to 4.6%] corresponding to 3,000 [2,600 to
3,500] fewer CHD deaths)(Table 3). The contribution of all risk factors and treatments and their

uncertainty are presented in Supplemental Figure 1.

Discussion

Principal findings

Between 1980 and 2012, the age-adjusted CHD mortality rates in Japan decreased by 61%,
resulting in 75,700 fewer CHD deaths. The IMPACT Japan model explained approximately
91% of this mortality fall. Changes in medical treatments accounted for 56% (95% Ul: 54% to
59%) of the mortality decrease. Additionally, favourable risk-factor changes accounted for

approximately 35% (28% to 41%), in spite of adverse trends in cholesterol, BMI, and diabetes.

Relation to previous studies
Medical and surgical treatments

Cardiology treatments developed rapidly during the period of study in Japan (1980-2012). The

10
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fewer CHD deaths in Japan were attributable to medical and surgical treatments representing
56% (95% Ul: 54% to 59%) of the total mortality fall, which was higher than that of the UK
(42%) ** and the US (47%) ®. This could be due to differences in healthcare systems. Japan has
utilized universal health coverage that charges fees per service similar to the UK but could be
less restrictive; however, the US did not have a similar system *°. On the other hand, results
from the IMPACT model in Portugal show that approximately 50% of the CHD mortality
reduction was due to changes in medical treatments, similar to our present results **, Possible
reasons for this similarity can be that both Japan and Portugal had lower age-standardized CHD
mortality and had also utilized universal health coverage **°.

Improvements in chronic angina management in Japan represented 21.1% (20.5% to
21.8%) of the mortality reduction, similar to Canada . Community-based treatments for
hypertension (9.5% [7.7% to 11.4%]), heart failure (7.2% [6.4% to 8.1%]), and statins (4.0%
[3.4% to 4.6%]), also played major roles, similar to the US, the UK, Canada, and Sweden
8,9,11,12,20.

Furthermore, the contribution of those treatments to the decline of CHD deaths is
likely explained by the Japanese universal health coverage by which most people can obtain
health services without suffering financial hardship *°. However, room for improvement still
exists from ACE/ARBs treatment for AMI as follows. Twelve percent of the mortality reduction
could be attributed to ACE/ARBs treatment that is expensive compared to cheaper alternatives,
but freely affordable under the Japanese universal health coverage *°. The 3.8% (3.6% to 4.7%)
of DPPs explained by AMI treatments in Japan was lower than the UK (7.7%) and the US
(6.3%) 3™ while 2.8% (2.6% to 2.9%) explained by unstable angina treatments which fell in
the UK (1.5%) and the US (4.0%) ®**. In Japan, beta-blockers and ACE/ARB for AMI have not
been prescribed frequently, especially in small hospitals; the use of both treatments might

further increase.

11

Downloaded for Anonymous User (n/a) at National Cerebral and Cardiovascular Center-JC from ClinicalKey.jp by Elsevier on February 20, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.



Major cardiovascular risk factors

Net changes in major cardiovascular risk factors explained approximately 35% (28% to 41%)
of the CHD mortality fall between 1980 and 2012. Some 24.4% (19.7% to 29.4%) was
explained by decreased population blood pressure, even more than the US and Canada, both of
which had around 20%%°; this likely reflects the dramatic decrease in salt reduction attributable
to public health interventions and westernised dietary patterns **?®, Smoking prevalence in
Japan declined from 35% (1980) to 21% (2012) and prevented approximately 8,400 (5,900 to
10,600) fewer CHD deaths, some 11.1% (7.8% to 14.0%) of the total mortality fall, similar to
Canada (9.5%) ° and Sweden (9.1% in the entire population, 6.8% in the population without
CHD for the primary prevention of CHD, and 6.9% in CHD patients for the secondary
prevention of CHD) **?* but lower than the UK (48.1% in the entire population, 83.0% in the
population without CHD for the primary prevention of CHD, and 17.0% in the population with
CHD for the secondary prevention of CHD) **,2°.

Increases in BMI and diabetes mirrored trends elsewhere and generated 6.2% of
additional deaths. Mean cholesterol at population level had fallen in almost all Western
countries except for Japan where total cholesterol increased steadily from 4.93 to 5.22 mmol/L
to reach U.S levels "?. This rise generated approximately 1,600 (760 to 2,600) additional CHD
deaths, in spite of statin treatments. This cholesterol rise probably reflects a progressive
Westernisation of the healthy traditional Japanese diet and consumption of sugar, animal
product, total fats, and oil increased four-fold from 1965 to 2005 "%, Consumption of meat,
milk, and dairy products also rose, increasing the ratio of saturated fatty acids to total energy
intake 2%, while vegetable intake remained constant % (Figure 1 in Appendix I1). National
nutritional surveys showing lower intake of vegetable, fruit, and seafood in younger age-groups

raise concern for future increases in CHD, as in other populations ****.

Strengths and weaknesses of the present study, and unanswered questions and future work

12
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Our study has several strengths. Firstly, this is the first study to use high quality, nationally
representative datasets to quantify the factors driving coronary mortality trends in Japan. For
example, all hospital cardiac arrest cases were captured through the All-Japan-Utstein Registry,
which is already validated **. Risk factor distribution was obtained through the national
nutritional survey, which was based on the randomly sampled nationwide population®. Second,
our validated IMPACT model can transparently integrate and simultaneously consider huge
amounts of data from many sources.

Our study also has limitations. We used a validated methodology to adjust for the
different version of ICD coding and. However, we might still have overestimated mortality
rates in the 1980s. Additionally, we were unable to perform sensitivity analyses to estimate the
effect of change in ICD coding on our results by using data in 1995 or 1996 (the coding method
was changed in 1995 in Japan) instead of data in 1980 because we did not have enough data in
1995 and 1996 to perform the IMPACT model. Second, diabetes prevalence in 1980 was
defined as a casual blood sugar >200 mg/dl or as treated diabetes, though diabetes prevalence in
2012 was calculated by multiplying that which was based on HbA1c in 2012 by the ratios of
diabetes prevalence in 2010 based on casual blood sugar to that based on HbAlc. For the
details, please see the methods section. However, the relative change observed was compatible
with other studies **°. Third, we might have overestimated angina in the community due to the
high prevalence of vasospastic angina in Japanese populations. However, we explicitly adjusted
for this peculiarity of angina epidemiology in Japan (see Appendix). Fourth, the elderly, aged
85 and above, were not included in the model due to lack of data. Fifth, we optimistically
assumed that treatment effectiveness in the population equalled the efficacy reported in
randomised trials, likely overestimating treatment benefits. Sixth, the IMPACT model used
CHD mortality as the endpoint, and did not consider CHD morbidity. Thus, the estimation of
DPPs could be improved by considering the burden of CHD morbidity. Finally, our model

could not explain the overall 9% decline in CHD mortality. This perhaps reflected imprecision
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of the model, or omission of other risk factors, such as psychosocial stress, alcohol, or fish
omega-3 fatty acid consumption. That may also reflect that our model omitted stroke deaths (as
a potential competing risk), of which mortality and prevalence were higher in Japan than in
European countries and the US. For example, there may have been several people who would
have died from CHD if they had not died from stroke. Thus, the present results should be

interpreted by considering these limitations.

Public health implications
Preventive approaches, particularly population-based policies, are consistently more effective
than healthcare-based primary prevention *®. Current efforts to prevent cardiovascular disease in
Japan are based on the national health check-up promotion programs (see Appendix). However,
such individual-level interventions appear less effective and equitable than population-wide
structural interventions. *"*® Population level policy approaches should therefore be considered
as a potentially powerful and likely cost-saving strategy. In Japan, actions on salt have been
extremely effective. For example, recently, Japanese Hypertension Society conducted a
campaign for reducing salt by many publications such as recipe books, and successfully
changed labels of salt contents in processed foods that consumers could easily understand %%,
However, no regulation currently exists for reducing trans-fatty acids in Japan, which would be
an effective intervention *°. Tobacco control policy could also be strengthened, along with
mandatory salt reformulation in processed foods and sugar-sweetened beverage taxation.
Finally, these results can be cautiously generalized to other countries in the
Asia-Pacific region, such as countries like South Korea that have a similar epidemiological
profile where AMI incidences increase due to an aging society and westernisation of lifestyle,
especially for diet ***,
In conclusion, the declining trend in CHD deaths in Japan was explained by policies

reducing blood pressure and smoking, and by considerable application of evidence-based

14
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treatment for CHD. However, these successes have been partly offset by the increase in diabetes,
BMI, and cholesterol levels. Additionally, effective population-based policy approaches may

therefore now be required to reduce the future burden of CHD in Japan.

15

Downloaded for Anonymous User (n/a) at National Cerebral and Cardiovascular Center-JC from ClinicalKey.jp by Elsevier on February 20, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.



References

1.

10.

11.

12.

13.

14.

15.
16.

Rumana N, Kita Y, Turin TC, Murakami Y, Sugihara H, Morita Y, Tomioka N, Okayama
A, Nakamura Y, Abbott RD, Ueshima H. Trend of increase in the incidence of acute
myocardial infarction in a Japanese population: Takashima AMI Registry, 1990-2001. Am
J Epidemiol. 2008;167:1358-1364.

Degano IR, Salomaa V, Veronesi G, Ferrieres J, Kirchberger I, Laks T, Havulinna AS,
Ruidavets JB, Ferrario MM, Meisinger C, Elosua R, Marrugat J. Twenty-five-year trends
in myocardial infarction attack and mortality rates, and case-fatality, in six European
populations. Heart. 2015;101:1413-1421.

Yeh RW, Sidney S, Chandra M, Sorel M, Selby J V., Go AS. Population Trends in the
Incidence and Outcomes of Acute Myocardial Infarction. N Engl J Med. 2010;362:2155—
2165.

Rosamond WD, Chambless LE, Heiss G, Mosley TH, Coresh J, Whitsel E, Wagenknecht
L, Ni H, Folsom AR. Twenty-two-year trends in incidence of myocardial infarction,
coronary heart disease mortality, and case fatality in 4 US communities, 1987-2008.
Circulation. 2012;125:1848-1857.

Hata J, Ninomiya T, Hirakawa Y, Nagata M, Mukai N, Gotoh S, Fukuhara M, Ikeda F,
Shikata K, Yoshida D, Yonemoto K, Kamouchi M, Kitazono T, Kiyohara Y. Secular
trends in cardiovascular disease and its risk factors in Japanese: half-century data from the
Hisayama Study (1961-2009). Circulation. 2013;128:1198-1205.

The Ministry of Health, Labour and Welfare. Annual Health, Labour and Welfare Report
2013-2014. Available at http://www.mhlw.go.jp/wp/hakusyo/kousei/15/d1/1-01.pdf.
Sekikawa A, Miyamoto Y, Miura K, Nishimura K, Willcox BJ, Masaki KH, Rodriguez B,
Tracy RP, Okamura T, Kuller LH. Continuous decline in mortality from coronary heart
disease in Japan despite a continuous and marked rise in total cholesterol: Japanese
experience after the Seven Countries Study. Int J Epidemiol. 2015;44:1614-24.

Ford ES, Ajani UA, Croft JB, Critchley JA, Labarthe DR, Kottke TE, Giles WH,
Capewell S. Explaining the Decrease in U.S. Deaths from Coronary Disease, 1980—2000.
N Engl J Med. 2007;356:2388-2398.

Wijeysundera HC, Machado M, Farahati F, Wang X, Witteman W, van der Velde G, Tu J
V, Lee DS, Goodman SG, Petrella R, O’Flaherty M, Krahn M, Capewell S. Association of
Temporal Trends in Risk Factors and Treatment Uptake With Coronary Heart Disease
Mortality, 1994-2005. JAMA. 2010;303:1841.

Laatikainen T, Critchley J, Vartiainen E, Salomaa V, Ketonen M, Capewell S. Explaining
the decline in coronary heart disease mortality in Finland between 1982 and 1997. Am J
Epidemiol. 2005;162:764-73.

Unal B, Critchley JA, Capewell S. Explaining the Decline in Coronary Heart Disease
Mortality in England and Wales Between 1981 and 2000. Circulation. 2004;109:1101—
1107.

Bjorck L, Rosengren A, Bennett K, Lappas G, Capewell S. Modelling the decreasing
coronary heart disease mortality in Sweden between 1986 and 2002. Eur Heart J.
2009;30:1046-1056.

Pereira M, Azevedo A, Lunet N, Carreira H, O’Flaherty M, Capewell S, Bennett K.
Explaining the Decline in Coronary Heart Disease Mortality in Portugal Between 1995
and 2008. Circ Cardiovasc Qual Outcomes. 2013;6:634-642.

Yasuda S, Nakao K, Nishimura K, Miyamoto Y, Sumita Y, Shishido T, Anzai T, Tsutsui
H, Ito H, Komuro I, Saito Y OH on the behalf of JI. The current status of Cardiovascular
Medicine in Japan: Analysis of a Large Number of Health Record from a Nation-wide
Claim-based Database, JROAD-DPC. Circ J. 2016.

The Ministry of Health, Labour and Welfare. Patient Survey. Available at
http://www.mhlw.go.jp/english/database/db-hss/ps.html. Accessed October 23, 2017.
Kitamura T, lwami T, Kawamura T, Nagao K, Tanaka H, Hiraide A. Nationwide

16

Downloaded for Anonymous User (n/a) at National Cerebral and Cardiovascular Center-JC from ClinicalKey.jp by Elsevier on February 20, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.



17.
18.
19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

public-access defibrillation in Japan. N Engl J Med. 2010;362:994-1004.

Ikeda N, Takimoto H, Imai S, Miyachi M, Nishi N. Data Resource Profile: The Japan
National Health and Nutrition Survey (NHNS). Int J Epidemiol. 2015;44:1842—-1849.
JCS Joint Working Group. Guidelines for Diagnosis and Treatment of Patients With
Vasospastic Angina (Coronary Spastic Angina) (JCS 2013). Circ J. 2014;78:2779-2801.
Ikegami N, Yoo B-K, Hashimoto H, Matsumoto M, Ogata H, Babazono A, Watanabe R,
Shibuya K, Yang B-M, Reich MR, Kobayashi Y. Japanese universal health coverage:
evolution, achievements, and challenges. Lancet (London, England). 2011;378:1106-15.
Hotchkiss JW, Davies CA, Dundas R, Hawkins N, Jhund PS, Scholes S, Bajekal M,
O’Flaherty M, Critchley J, Leyland AH, Capewell S. Explaining trends in Scottish
coronary heart disease mortality between 2000 and 2010 using IMPACTSEC model:
retrospective analysis using routine data. Bmj. 2014;348:91088.

Okuda N, Nishi N, Ishikawa-Takata K, Yoshimura E, Horie S, Nakanishi T, Sato Y,
Takimoto H. Understanding of sodium content labeled on food packages by Japanese
people. Hypertens Res. 2014;37:467—471.

Okuda N, Okayama A, Miura K, Yoshita K, Saito S, Nakagawa H, Sakata K, Miyagawa N,
Chan Q, Elliott P, Ueshima H, Stamler J. Food sources of dietary sodium in the Japanese
adult population: the international study of macro-/micronutrients and blood pressure
(INTERMAP). Eur J Nutr. 2017;56:1269-1280.

Tada N, Maruyama C, Koba S, Tanaka H, Birou S, Teramoto T, Sasaki J. Japanese dietary
lifestyle and cardiovascular disease. J Atheroscler Thromb. 2011;18:723-34.

Bjorck L, Capewell S, O’Flaherty M, Lappas G, Bennett K, Rosengren A. Decline in
Coronary Mortality in Sweden between 1986 and 2002: Comparing Contributions from
Primary and Secondary Prevention. PLoS One. 2015;10:e0124769.

Unal B, Critchley JA, Capewell S. Modelling the decline in coronary heart disease deaths
in England and Wales, 1981-2000: comparing contributions from primary prevention and
secondary prevention. BMJ. 2005;331:614-0.

Carroll MD, Lacher DA, Sorlie PD, Cleeman JI, Gordon DJ, Wolz M, Grundy SM,
Johnson CL. Trends in serum lipids and lipoproteins of adults, 1960-2002. Jama.
2005;294:1773-1781.

Iso H, Kobayashi M, Ishihara J, Sasaki S, Okada K, Kita Y, Kokubo Y, Tsugane S, JPHC
Study Group. Intake of fish and n3 fatty acids and risk of coronary heart disease among
Japanese: the Japan Public Health Center-Based (JPHC) Study Cohort I. Circulation.
2006;113:195-202.

Ministry of Agriculture Forestry and Fisheries in Japan. The Food Balance Sheet.
Available at http://www.maff.go.jp/j/tokei/kouhyou/zyukyu/index.html. Accessed
September 1, 2017.

Yoshiike N, Matsumura Y, Iwaya M, Sugiyama M, Yamaguchi M. National Nutrition
Survey in Japan. J Epidemiol. 1996;6:5189-200.

Nishiyama S, Watanabe T, Arimoto T, Takahashi H, Shishido T, Miyashita T, Miyamoto
T, Nitobe J, Shibata Y, Konta T, Kawata S, Kato T, Fukao A, Kubota I. Trends in
coronary risk factors among patients with acute myocardial infarction over the last decade:
the Yamagata AMI registry. J Atheroscler Thromb. 2010;17:989-998.

Nakahara S, Tomio J, Ichikawa M, Nakamura F, Nishida M, Takahashi H, Morimura N,
Sakamoto T. Association of Bystander Interventions With Neurologically Intact Survival
Among Patients With Bystander-Witnessed Out-of-Hospital Cardiac Arrest in Japan.
Jama. 2015;314:247-254.

Iwami T, Kitamura T, Kiyohara K, Kawamura T. Dissemination of Chest Compression—
Only Cardiopulmonary Resuscitation and Survival After Out-of-Hospital Cardiac
ArrestClinical Perspective. Circulation. 2015;132:415-422.

Katanoda K, Matsumura Y. National Nutrition Survey in Japan--its methodological
transition and current findings. J Nutr Sci Vitaminol (Tokyo). 2002;48:423-32.

Ohmura T, Ueda K, Kiyohara Y, Kato I, Iwamoto H, Nakayama K, Nomiyama K, Ohmori

17

Downloaded for Anonymous User (n/a) at National Cerebral and Cardiovascular Center-JC from ClinicalKey.jp by Elsevier on February 20, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.



35.
36.

37.

38.

39.

40.

41.

S, Yoshitake T, Shinkawu A, et al. Prevalence of type 2 (non-insulin-dependent) diabetes
mellitus and impaired glucose tolerance in the Japanese general population: the Hisayama
Study. Diabetologia. 1993;36:1198-1203.

Islam MM, Horibe H, Kobayashi F. Current trend in prevalence of diabetes mellitus in
Japan, 1964-1992. J Epidemiol. 1999;9:155-162.

Guzman-Castillo M, Ahmed R, Hawkins N. Correction. The contribution of primary
prevention medication and dietary change in coronary mortality reduction in England
between 2000 and 2007: a modelling study. BMJ Open. 2015;5:e006070corr1.

Jorgensen T, Jacobsen RK, Toft U, Aadahl M, Glumer C, Pisinger C. Effect of screening
and lifestyle counselling on incidence of ischaemic heart disease in general population:
Inter99 randomised trial. Bmj. 2014,348:93617.

Kypridemos C, Allen K, Hickey GL, Guzman-Castillo M, Bandosz P, Buchan I, Capewell
S, O’Flaherty M. Cardiovascular screening to reduce the burden from cardiovascular
disease: microsimulation study to quantify policy options. Bmj. 2016;353:i12793.

Allen K, Pearson-Stuttard J, Hooton W, Diggle P, Capewell S, O’Flaherty M. Potential of
trans fats policies to reduce socioeconomic inequalities in mortality from coronary heart
disease in England: cost effectiveness modelling study. Bmj. 2015;351:h4583.

Lee CH, Cheng CL, Yang YH, Chao TH, Chen JY, Liu PY, Lin CC, Chan SH, Tsai LM,
Chen JH, Lin LJ, Li YH. Trends in the incidence and management of acute myocardial
infarction from 1999 to 2008: get with the guidelines performance measures in Taiwan. J
Am Hear Assoc. 2014;3. doi:10.1161/jaha.114.001066.

Hong JS, Kang HC, Lee SH, Kim J. Long-term trend in the incidence of acute myocardial
infarction in Korea: 1997-2007. Korean Circ J. 2009;39:467-476.

18

Downloaded for Anonymous User (n/a) at National Cerebral and Cardiovascular Center-JC from ClinicalKey.jp by Elsevier on February 20, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.



Table 1. Population aged from 35 to 84, observed coronary heart disease deaths, age-standardized rates for 1980 and 2012, and deaths
prevented or postponed (DPPs) in Japan.

Men and women Men Women

Year 1980 2012 1980 2012 1980 2012
Population 53,026,428 79,457,000 25,119,073 38,445,000 27,907,355 41,012,000
Observed CHD deaths 41,572 49,273 31,226 32,838 18,102 16,435
Age-standardized rate (per 100,000) + 78.4 37.5 96.2 54.1 62.2 22.5
Expected deathst+ - 124,955 - 80,710 - 44,245
DPPsi - 75,682 - 47,872 - 27,810
% of expected deaths prevented - 60.60% - 59.30% - 62.90%

+The direct method of age-standardized rates was used with the Japanese population aged 35-85 (ten-year age-bands) in 1980 as
standard to calculate the age-standardized rates according to the aim of the present study.

" Expected deaths = the number of CHD deaths in 2012 was calculated on an assumption that age and sex-specific CHD mortality
rates in 1980 continued through 2012.

*DPPs = expected — observed deaths in 2012.

Abbreviations: CHD, coronary heart disease; DPPs, deaths prevented or postponed.
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Table 2. Coronary heart disease deaths prevented or postponed (DPPs) due to changes in total treatment, and changes in prevalence and

levels of risk factors between 1980 and 2012 in Japan.

DPPs % of total DPPs
(95% uncertainty interval*) (95% uncertainty
interval™)
Total treatments and risk factors prevalence 75,682 NA
Explained by changes in total treatments 42,336 (40,868 to 44,652) 56% (54% to 59%)
Explained by changes in risk factor prevalence and risk factor levels 26,280 (21,191 to 31,030) 35% (28% to 41%)

Systolic blood pressuret (decreased by 8.87 mmHg in the period)
Total cholesteroli (increased by 0.28 mmol/L in the period)
Body mass index (increased by 0.68 kg/m? in the period)
Smoking (decreased by 14.0% in the period)
Physical inactivity (decreased by 18.5% in the period)
Diabetes (increased by 1.6% in the period)

Unexplained by the present IMPACT model

18,445 (14,909 to 22,251)
-1,645 (-2,573 to -757)
-2,013 (-2,422 to -1,589)
8,407 (5,903 to 10,595)
5,714 (4,465 to 6,736)
-2,627 (-4,465 to -908)
7,065

24.4% (19.7% to 29.4%)
-2.2% (-3.4% to -1.0%)
-2.7% (-3.2% to -2.1%)
11.1% (7.8% to 14.0%)
7.5% (5.9% to 8.9%)
-3.5% (-5.9% to -1.2%)
9% (NA)

Abbreviations: DPPs, deaths prevented or postponed.

*95% uncertainty interval corresponds to 2.5th and 97.5th percentiles limits of uncertainty analysis.

tAfter subtracting DPPs due to antihypertensives in primary prevention.

T After subtracting DPPs due to statin treatment in primary prevention.
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Table 3. Coronary heart disease deaths prevented or postponed (DPPs) due to changes in specific
treatment between 1980 and 2012 in Japan.

Treatments by patient groups DPPs % of total DPPs
(95% uncertainty interval*)  (95% uncertainty interval*)
Total treatments 42,336 (40,868 to 44,652) 56% (54% to 59%)
Acute myocardial infractiont 2,842 (2,725 to 3,557) 3.8% (3.6% to 4.7%)
Aspirin 564 0.70%
ACE inhibitors 131 0.20%
Beta-blockers 61 0.10%
CABG 29 0.00%
PTCA 683 0.90%
Rehabilitation 184 0.20%
Community CPR 297 0.40%
Hospital CPR 51 0.10%
PTCA (NSTEMI) 774 1.00%
Clopidogrel 69 0.10%
Unstable anginaf 2,102 (1,968 to 2,195) 2.8% (2.6% to 2.9%)
Aspirin 501 0.70%
Aspirin & Heparin 7 0.00%
ACE inhibitor 80 0.10%
Beta blockers 71 0.10%
Spironolactone 212 0.30%
Ib/111a 14 0.00%
CABG 143 0.20%
PTCA (STEMI) 806 1.10%
Rehabilitation 28 0.00%
Community CPR 28 0.00%
Hospital CPR 1 0.00%
Clopidogrel 212 0.30%

1,478 (1,211 to 1,741) 2.0% (1.6% to 2.3%)

Secondary prevention post

myocardial infarctiont

Statins 380 0.50%
Aspirin 272 0.40%
Warfarin 47 0.10%
ACE inhibitor 285 0.40%
Beta blockers 272 0.40%
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Rehabilitation
Secondary prevention post
revascularisationt

Statins

Aspirin

Warfarin

ACE inhibitor

Beta blockers

Rehabilitation
Angina in the communityt

Statins

Aspirin

ACE inhibitor

Beta blockers

Spironolactone

CABG
Heart failure in patients
requiring hospitalisation

Aspirin

ACE inhibitor

Beta blockers

Spironolactone
Heart failure in the community}

Aspirin

ACE inhibitor

Beta blockers

Spironolactone

Primary prevention therapies:
Statinst

Primary prevention therapies for
high blood pressuref

221
811 (681 to 984)

213
183
34
147
149
85
15,993 (15,515 to 16,499)
1,699
996
7,356
4,848
610
484
3,441 (3,254 t0 3,633)

666
348
1,473
954
5,459 (4,844 t0 6,130)
1,350
623
2,919
567
2,996 (2,573 t0 3,481)

7,213 (5,828 to 8,628)

0.30%
1.1% (0.9% to 1.3%)

0.30%
0.20%
0.00%
0.20%
0.20%
0.10%

21.1% (20.5% to 21.8%)
2.20%
1.30%
9.70%
6.40%
0.80%
0.60%

4.5% (4.3% t0 4.8%)

0.90%
0.50%
1.90%
1.30%
7.2% (6.4% t0 8.1%)
1.80%
0.80%
3.90%
0.70%
4.0% (3.4% 10 4.6%)

9.5% (7.7% to 11.4%)

*95% uncertainty interval corresponds to 2.5th and 97.5th percentiles limits of uncertainty
analysis for the 9 disease groups and total treatments.

TSubtotals (in rows) for coronary heart disease patient groups.
Abbreviations: ACE, angiotensin converting enzyme; ARB, angiotensin receptor blockers;
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CABG, Coronary artery bypass graft; PTCA, percutaneous transluminal coronary angioplasty;

DPPs, deaths prevented or postponed.
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What is already known this topic

- Age-adjusted mortality of coronary heart disease (CHD) has declined since 1980 in many
developed countries.

- This mortality fall in Japan occurred in spite of recent increases in obesity and cholesterol,
marking population aging, and Westernised dietary changes.

- Those results have suggested that the decline of the age-adjusted CHD mortality may be

explained by key factors other than obesity and total cholesterol in Japan.

What this study adds

- In Japan, the declining trend in CHD deaths was explained by policies in reduction of
prevalence of smoking, elevated levels of systolic blood pressure, and by implementation of
evidence-based treatment for CHD.

- These successes have been partially offset by adverse increases in prevalence of diabetes and

elevated levels of body mass index and cholesterol.

- Japan should continue with their control policies for blood pressure and tabaco, and build an
effective strategy to prevent diabetes and elevated levels of body mass index and cholesterol
diabetes to prevent CHD deaths in the future.
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