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Background: It remains to be examined whether urbanization and lifestyle changes are associated with the inci-
dence and mortality from acute myocardial infarction (AMI) in Japan.

Methods and Results: A total of 19,921 AMI patients (male/female 14,290/5,631) registered by the MIYAGI-AMI
Registry Study from 1988 to 2009 were divided into 2 groups according to their residences; inside (urban area,
n=7,316) and outside (rural area, n=11,402) of Sendai City. From 1988 to 2009, the incidence of AMI (/100,000
persons/year) increased more rapidly in the rural area (24.2 to 51.4) than in the urban area (31.3 to 40.8) (P<0.001),
with rapid aging in both areas. Moreover, from 1998 to 2009, the age-adjusted incidence of AMI in young (<44 years)
and middle-aged (45-64 years) male patients (both P<0.05) in the rural area increased significantly, along with a
markedly increased prevalence of dyslipidemia (P<0.001). Although in-hospital mortality from AMI decreased in both
areas over the last 20 years (both P<0.001), it remained relatively higher in female than in male patients and was
associated with higher age of the onset, longer elapsing time for admission and lower prevalence of primary coronary
intervention in female patients in both areas.

Conclusions: These results demonstrate that urbanization and lifestyle changes have been associated with the in-
cidence and mortality from AMI, although sex differences still remain to be improved. (Circ J 2012; 76: 1136—1144)
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ease (CAD) has been declining in the United States

and European countries.! These declines have been
attributed to the control of risk factors (eg, hypertension, dys-
lipidemia and smoking) and the improvement in critical care
(eg, coronary revascularization therapy).>7 In contrast to the
Western countries, in Japan, a highly developed and racially
homogeneous country that is rapidly aging, total cholesterol
levels and the prevalence of obesity have been increasing as a
result of lifestyle Westernization influence since the 19605s.89
However, the mortality from CAD has been declining and has
remained much lower compared with other Western countries
from 1960 to 2000.%-'! Importantly, there are some differences
in lifestyle between people living in rural and urban areas in
Japan. Indeed, it was reported that people in urban areas had

T he incidence and mortality from coronary artery dis-

greater intakes of fat and cholesterol than those in rural areas
in Japan.® However, only a few studies have previously ad-
dressed the difference in the incidence and mortality from
CAD between the rural and urban areas in Japan.$12

In order to explore the annual trend for acute myocar-
dial infarction (AMI) in Japan, we have been conducting the
MIYAGI-AMI Registry Study for more than 30 years since
1979, where almost all AMI patients in the Miyagi prefecture
have been prospectively registered.!®1314 The Miyagi prefec-
ture, which is located in northeastern Japan, includes Sendai
City, one of the 19 government-designed cites, and has a
typical balance of urban and rural areas in Japan. Sendai City
merged with neighboring municipalities in 1987-1988 and the
population of Sendai City increased to 1,008,130 in 2000,
which accounted for approximately 40% of the population of
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Figure 1. The 20-year trend of acute myocardial infarction (AMI) in the Miyagi prefecture. (A) The incidence of AMI (/100,000

persons/year) has significantly increased in both areas (both P<0.001) with a greater extent in the urban area over the last 20
years, accompanied with rapid aging in both areas (B). (C) The age-adjusted incidence of AMI (/100,000 persons/year) in the
rural area increased significantly (P<0.001), whereas that in the urban area decreased significantly (P<0.001) in the recent 10
years (between 1998 and 2009). (D) In-hospital mortality (%) decreased and remained at a low level in the past 10 years in both
areas. *P<0.05 for the difference between the rural and the urban areas.

the Miyagi prefecture, which was 2,365,320 in 2000. The
population density of Sendai City (1,279/km? in 2000) has
been much higher than that of any other parts of the Miyagi
prefecture (209/km? in 2000).15

In the present study, we examined whether urbanization and
lifestyle changes were associated with the incidence and mor-
tality from AMI, with special reference to the difference
between the urban and rural areas in our MITY AGI-AMI Reg-
istry Study.

Methods

The MIYAGI-AMI Registry Study

The MIYAGI-AMI Registry Study is a prospective, multi-
center and observational study. As previously reported,!0-13.14
this registry was established in 1979 and all 43 hospitals with
a coronary care unit and/or cardiac catheterization facility in
the Miyagi prefecture have been participating (Appendix 1).
In the Miyagi prefecture, almost all AMI patients are trans-
ferred to one of those participating hospitals via the emer-
gency medical service. This study was approved by the Insti-
tutional Review Broad of Tohoku University Graduate School
of Medicine under the condition that personal data are pro-
tected at all times.

In the MIYAGI-AMI Registry Study, the diagnosis of AMI
and decision to use reperfusion therapy were made by indi-
vidual cardiologists in charge. Diagnosis of AMI was made
based on the WHO-MONICA criteria.'® Briefly, it was based
on the finding of typical severe chest pain accompanied by
abnormal ECG changes and increased serum levels of cardiac
enzymes (ie, creatine phosphokinase, aspartate amino trans-
ferase and lactate dehydrogenase). Coronary thrombolysis was
performed with intravenous administration of urokinase (480—
960x10°*IU for 30min) or alteplase (290-435x1031U/kg for
60min) or with intracoronary administration of urokinase
(maximum 960x103IU) or alteplase (maximum 6.4x10°IU).
Rescue percutaneous coronary intervention (PCI) was per-
formed when thrombolysis was unsuccessful. Primary PCI has
been widely performed in the Miyagi prefecture since 1992,
as reported previously.10-13.14

The registration form of the MIYAGI-AMI Registry in-
cludes the date and time of symptom onset, age, sex, pre-hos-
pital management (eg, use of ambulance, time interval from
the onset of symptoms to admission), infarction site, coronary
risk factors (hypertension, diabetes mellitus, dyslipidemia and
smoking), reperfusion therapies (eg, thrombolysis and/or PCI),
and in-hospital outcome (eg, in-hospital mortality). In our
MIYAGI-AMI Registry Study, we have revised the registra-
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Table. Clinical Characteristics and Outcome of the Study Population
Rural area Urban area
P value P value
1998-2001 2002-2005 2006-2009 ¢, trend 1998-2001 2002-2005 2006-2009 ¢o; trend
(n=2,145) (n=2,699) (n=2,807) (n=1,529) (n=1,508) (n=1,682)
Male
Age (years) 66.2+12.4* 67.0+12.9* 66.7+12.7 0.373 65.0+12.7 65.2+12.9 65.9+12.9  0.046
Age-adjusted incidence of AMI
(/105 persons/year)
All 42.3+3.8* 47.2+3.2 47.3+2.5 0.274 55.1+4.7 49.3+10.9  47.9+4.1 0.163
<45 years old 4.9+0.9 5.8+0.7 6.9+1.2 0.018 5.1+0.7 5.7+0.5 6.0+£2.7 0.460
45-64 years old 66.6+6.3* 83.2+5.5 88.9+14.9 0.016 91.2+4.9 85.9+21.0 83.7+8.2 0.402
65-74 years old 170.2+32.9 186.3+39.2 179.3+17.8 0.679 228.2+18.1 208.1+56.3 180.1+15.6 0.065
>75 years old 253.5+47.0* 261.1+62.9 250.8+33.4  0.937  355.0+48.0 277.8+73.4 308.0+19.7  0.207
Hypertension (%) 46.1 59.5* 60.9 <0.001 48.2 54.3 63.0 <0.001
Diabetes mellitus (%) 27.5 32.9 29.5* 0.265 30.6 31.6 34.1 0.070
Dyslipidemia (%) 22.4* 34.1* 41.4 <0.001 32.2 39.0 42.0 <0.001
Smoking (%) 40.6 42.1 40.6 0.956 44.0 41.8 38.6 0.008
In-hospital mortality (%) 7.6 6.8 7.8 0.832 8.8 57 8.7 0.997
Female
Age (years) 74.1£9.7 76.1+11.1  75.3x11.4  0.017 74.4+10.4 74.6+12.0 75.3x11.4  0.224
Age-adjusted incidence of AMI
(/105 persons/year)
All 11.5+2.4* 13.6+1.1 13.2+1.0 0.202 15.1+£1.2 11.9+2.0 12.4+2.4 0.077
<45 years old 0.2+0.4 0.4+0.2 0.7+0.5 0.114 0.2+0.2 0.5+0.3 0.5+0.7 0.297
45-64 years old 10.5+4.2 13.7+3.1 18.1+4.1 0.102 10.1+1.6 11.0£2.2 16.1£7.1 0.102
65-74 years old 54.5+1.8* 65.0+8.4 56.4+4.4 0.602 84.5+5.8 55.3+6.5 48.9+9.1 <0.001
>75 years old 100.8+17.4* 135.7+14.9 120.8+7.9 0.076 165.9+13.9 131.4+19.4 129.8+17.2 0.016
Hypertension (%) 55.8 69.3 67.5 <0.001 60.2 63.5 65.0 0.137
Diabetes mellitus (%) 29.3 36.1 35.1 0.032 325 33.2 345 0.510
Dyslipidemia (%) 25.8 30.9 38.6 <0.001 31.0 37.1 37.7 0.039
Smoking (%) 8.9 6.6* 10.6 0.163 121 13.4 141 0.383
In-hospital mortality (%) 12.3 11.1 14.5 0.254 14.4 15.3 14.1 0.892

Values are mean+SD or n (%). *P<0.05 for the difference between rural and urban areas. AMI, acute myocardial infarction.
Study population was divided into 2 groups according to the residence: inside (urban area) and outside Sendai City (rural area).

tion form gradually over the last 30 years. Thus, although the
incidence of AMI and related data (time of onset, age and sex)
are available for the last 30 years, the date on the pre-hospital
management, infarction site, coronary risk factors, reperfusion
therapies, duration of hospitalization and in-hospital outcome
are only available for the last 10-20 years, which were ana-
lyzed in the present study.

Data Analysis

In the present study, we have registered a total of 19,921
patients with AMI (male/female 14,290/5,631) over the last
20 years after the municipal merger in 1988. In particular, we
have focused on the patients registered between 1998 and
2009 (total, 12,491; male/female, 8,969/3,522), who were di-
vided into 2 groups according to their residences; inside (urban
area, n=4,719) and outside Sendai City (rural area, n=7,651),
after excluding the patients whose residences were unknown
(n=159). We also divided the total observational period of 12
years into the 3 periods: 1998-2001, 2002-2005 and 2006—
2009. To calculate the sex- and age-adjusted incidence of AMI
(/100,000 person/years), we applied the direct standardization
method using the age distribution of the Japanese population
from the 2000 census,’ as the standard population. In addition,
in order to clarify the age-specific trend, we categorized the
age at AMI onset into the 4 groups: <44 (young), 45-64
(middle-aged), 65-74 (old) and >75 years old (high-old).1*

Results are expressed as mean*SD. Linear trends were
examined for continuous variables by using analysis of vari-
ance (ANOVA) with repeated measures or the Jonckheere-
Terpstra trend test as appropriate, and for categorical variables
by using the chi-square test for trend. Differences in mean
values were examined with a t-test, Mann-Whitney test or chi-
square test as appropriate. Multiple logistic regression analysis
was used to examine determinants of risk factor prevalence in
AMI patients. Variables used for analysis included: sex, age
at onset of AMI (per 10 years), study periods (1998-2001,
2002-2005 and 2006-2009), residence (rural vs. urban), and
other risk factors. The odds ratios (ORs) and 95% confidence
intervals (95%CI) were calculated. A P-value less than 0.05
were considered to be statistically significant. All statistical
analyses were performed using the statistical software SPSS
version 18 for Windows.

Results

Over the last 20 years, the incidence of AMI (/100,000 per-
sons/year) significantly increased in both the rural and the
urban areas in the Miyagi prefecture (2.1- and 1.3-fold, respec-
tively, both P<0.001) (Figure 1A). Furthermore, the extent of
the increase in AMI incidence was greater in the rural area
than in the urban area, finally exceeding that in the urban area
after 2000. These changes were accompanied with rapid aging
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Figure 2. Age-distribution of acute myocardial infarction (AMI) patients. The percentage of high-old patients (=75 years old) was
markedly higher in female patients than in the patients in the rural and urban areas and has been increasing significantly in male
patients in both areas and rural female patients. 1P<0.05 for linear trend.
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Figure 3. Age-specific incidence of acute myocardial infarction (AMI) (/100,000 persons/year). The significant increase in the
age-adjusted incidence of AMI was noted in <44 and 45-64 year old rural male patients, and the significant decrease was noted
in 65-74 and >75 year old urban female patients. Values are presented as mean+SE. *P<0.05 for the difference between rural
and urban areas. TP<0.05 for linear trend.
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Figure 4. Time interval from the onset of symptoms to hospitalization. The percentage of patients with less than 2h of elapsing
time for hospitalization has significantly increased in rural male patients. The percentage was significantly lower in female patients
than in male patients in both areas in 2006-2009. *P<0.05 for the difference between rural and urban areas. 1P<0.05 for the dif-
ference between the sexes in the same rural or urban areas. tP<0.05 for a linear trend.
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Figure 5. Prevalence of reperfusion therapy for acute myocardial infarction (AMI). The prevalence of primary percutaneous coro-
nary intervention (PCI) steadily increased in the rural area in both sexes. Importantly, the prevalence of PCl was approximately
10% lower in female patients than in male patients in both rural and urban areas. *P<0.05 for the difference in male patients be-

tween rural and urban areas. 1P<0.05 for linear trend.
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Figure 6. Multivariate analysis of coronary risk factors in acute myocardial infarction (AMI) patients. During the study periods, the
prevalence of hypertension and dyslipidemia significantly increased in AMI patients. Hypertension was associated with older age
but not with residence, whereas dyslipidemia was associated with younger age and urban residence. Smoking was associated
with male sex and younger age. The odds ratios and 95% confidence intervals for factors are shown with red circles for P<0.05.

in both areas in the Miyagi prefecture (Figure 1B). Following
age adjustment (Figure 1C), the incidence of AMI in the rural
area increased significantly (P<0.001), whereas that in the
urban area decreased significantly (P<0.001) in the recent 10-
year period (between 1998 and 2009). In contrast, in-hospital
mortality significantly decreased in both areas (both P<0.001),
but to a greater extent in the rural area (0.5-fold in the rural
area and 0.9-fold in the urban area) (Figure 1D). In 1998
2001, there was no significant difference in in-hospital mortal-
ity between the rural and urban male patients (P=0.263), and
in-hospital mortality remained low (~8%) from 1998-2001 to
2006-2009 in both the rural and urban male patients (rural:
P=0.832; urban: P=0.997) (Table). Importantly, in-hospital
mortality of the female patients in both the rural and the urban
areas remained doubled compared with the male patients dur-
ing the study period (Table).

The clinical characteristics of the AMI patients in the pres-
ent study are shown in Table. The female patients were ap-
proximately 10 years older than the male patients and ap-
proximately a half of them were 275 years-old in 1998-2001
in both areas, with a significant further increase in the rural
area (male, P<0.001; female, P<0.001) and such a trend in the
urban area (male, P=0.054; female, P=0.176) (Figure 2). In
1998-2001, the age-adjusted incidence of AMI was signifi-
cantly lower in the rural area than in the urban area for both
sexes (male, P=0.019; female, P=0.035) (Table). However,
the difference between the 2 areas became insignificant in
2006-2009 for both sexes (male, P=0.824; female, P=0.530).
When investigating the age-specific trend, the significant in-

crease in the age-adjusted incidence of AMI was noted in the
young (<44 years-old) and middle age (45-64 years-old) male
patients only in the rural area (young, P=0.018; middle age,
P=0.016), and the significant decrease was noted in the old
(65-74 years-old) and high-old (>75 years-old) female pa-
tients in the urban area (old, P<0.001; high-old, P=0.016)
(Table, Figure 3).

Regarding the time from the onset of AMI to admission, the
percentage of the patients with less than 2h of elapsing time
at admission was significantly lower in the rural area than in
the urban area for the male patients in 1998-2001 (P<0.001)
(Figure 4). However, the difference became insignificant
in 2006-2009 (P=0.051), accompanied with the significant
increase in the percentage in the rural area (rural, P<0.001;
urban, P=0.082). Importantly, in the rural female patients, the
percentage of patients with less than 2h of elapsing time at
admission remained at a low level (~20%), and the differ-
ence between the sexes in the rural area became greater from
1998-2001 (P=0.086) to 2006-2009 (P<0.001). In contrast,
the difference between the sexes in the urban area was sig-
nificant in 2006-2009 (P=0.04). Moreover, the prevalence of
primary PCI in the female patients was lower by ~10% com-
pared with the male patients in both areas (Figure 5). In the
male patients, the prevalence of primary PCI significantly in-
creased only in the rural area from 1998-2001 to 2006—2009
(rural, P<0.001; urban, P=0.054), and a similar trend was also
noted in the female patients (rural, P<0.001; urban, P=0.176).

Multivariate analysis of the coronary risk factors in AMI
patients showed that the prevalence of hypertension and dys-
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Prevalence of coronary risk factors in acute myocardial infarction (AMI) patients. The prevalence of hypertension and
dyslipidemia had a trend of increase in both rural and urban areas. In particular, the prevalence of dyslipidemia in rural male pa-
tients aged <64 years markedly increased. *P<0.05 for the difference between rural and urban areas. tP<0.05 for linear trend.
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lipidemia significantly increased and that of diabetes tended to
increase (Figure 6). Hypertension was associated with older
age but not with residence, whereas dyslipidemia was asso-
ciated with younger age and urban residence. Although the
prevalence of dyslipidemia in the male patients was signifi-
cantly lower in the rural area than in the urban area in 1998—
2001, it significantly increased in the rural area and the differ-
ence between the 2 areas became insignificant in 2006-2009
(Table). Moreover, the progressive increase in the prevalence
of dyslipidemia was noted in both areas for both sexes with a
more sharp increase in the rural area (Figure 7). Smoking was
associated with male sex and younger age, but not with resi-
dence (Figure 6), and the prevalence of smoking largely
remained unchanged in both areas for both sexes (Figure 7).

Discussion

The novel findings of the present study were that the incidence
of AMI increased more rapidly in the rural area than in the
urban area, with rapid aging in both areas. Moreover, the inci-
dence of AMI in the rural male patients <64 years-old was
increased along with the marked increase in the prevalence
of dyslipidemia in Japan. Although in-hospital mortality from
AMI markedly decreased in both areas over the last 20 years,
it remained relatively high in female patients than in male
patients in both areas. To the best of our knowledge, this is the
first study that demonstrates the association between urbaniza-

Circulation Journal

tion, life-style changes and the incidence and mortality of
AMI in the largest number of patients in Japan.

Comparison of the Incidence of AMI Between Rural and
Urban Areas

Although in the United States and European countries, the
incidence of CAD has been declining in the last decades,!->4
the present study demonstrates that the incidence of AMI has
been rapidly increasing in both the rural and urban areas over
the last 20 years, with a more noted increase in the former than
in the latter. However, this tendency has disappeared follow-
ing age adjustment in recent years only in the urban area,
which implied that the increased tendency in the incidence of
AMI in the rural area might be not be associated with rapid
aging alone in recent years.

There were few studies that addressed the difference in the
incidence of CAD between rural and urban areas in Japan. The
Akita-Osaka study is the community-based survey, where the
residents of the Yao City, Osaka prefecture (an urban com-
munity with a total census population of 23,552 in 2000) and
those of Ikawa Town, Akita prefecture (a rural community
with a total census population of 6,116 in 2000) were com-
pared during the period of 1964-2003.12 In this study, signifi-
cant increases in the age-adjusted incidence of AMI and sud-
den cardiac death were noted in Yao City (in male patients
from 1980 to 2003) but not in Ikawa City in both sexes.!?> The
present study confirmed the results of the Akita-Osaka study
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in the rural and urban areas of the same Miyagi prefecture.
The Yamagata AMI Registry study provided more recent data
and an age-specific trend in the period of 1993-2007.17 The
population density of the Yamagata prefecture was 133/km?
in 2000, which was comparable with that of the rural area in
the present study.!s In this study, the age-adjusted incidence
of AMI in the male but not that in the female patients sig-
nificantly increased. In particular, the male population who
were younger than 65 years old showed a marked increase in
AMLI, a consistent finding with the present results for the rural
area. These results indicate that the incidence of AMI has
been increasing in the younger male population in the rural
areas of Japan. Taken together, unlike the trend in Western
countries, it appears that the incidence of AMI has been in-
creasing in Japan to a greater extent in the rural area than in
the urban area over the last 20 years and has been associated
with rapid aging.

Decreasing In-Hospital Mortality and Improvement in
Critical Care

In the present study, the in-hospital mortality from AMI sig-
nificantly decreased in both the urban and the rural areas over
the last 20 years. The present study also demonstrates that
primary PCI was performed more frequently in the rural area
than in the urban area, along with the shortening in the elaps-
ing time from the onset to hospitalization. The recent progress
in critical care might have beneficial effects, overcoming the
rapid aging in AMI patients.

In the most recent 10 year period, the in-hospital mortality
remained at a low level in male patients, whereas in female
patients, the mortality remained doubled compared with the
male patients in both the rural and the urban areas. It was pre-
viously reported that the poorer outcome of the female AMI
patients could be caused by multiple factors, including higher
age, higher risk profiles, longer elapsing time from the onset
to hospitalization, higher incidence of Killip class >2, and less
frequent use of primary PCIL.'#-2* Indeed, in the present study,
the female patients were approximately 10 years older than the
male patients and half of them were older than 75 years and
needed a longer time from the onset of AMI to hospitalization
in the both areas in 2006-2009. These points might have lim-
ited the use of primary PCI with a resultant poor outcome for
the female AMI patients in the present study.

Changes in the Prevalence of Coronary Risk Factors in AMI
Patients

The WHO-MONICA studies, as well as several Japanese co-
hort studies, demonstrated that the incidence of cardiovascular
diseases increased and were associated with the clustering of
risk factors.?!-23 In the present study, the prevalence of hyper-
tension and dyslipidemia in AMI patients significantly in-
creased in both the rural and urban areas. Importantly, there
was a significant difference in the prevalence of dyslipid-
emia between the rural and urban areas with a marked increase
noted in the rural area, especially in those male patients aged
<64 years. Indeed, previous studies demonstrated that dys-
lipidemia is an independent risk factor in male but not in fe-
male patients,’”?* and in the Yamagata-AMI Registry study,
the increased prevalence of dyslipidemia in the younger male
patients with AMI was also associated with an increased inci-
dence of AML! In the Miyagi prefecture, the intake of ani-
mal fat was significantly higher in the rural than in the urban
area in 2000 (rural 20.7 g/day vs. urban 23.4 g/day, P<0.05).%
Moreover, in Japan, fat intake and serum levels of total cho-
lesterol were higher in the urban than in the rural areas in

1966; however, the difference in cholesterol levels between
the 2 areas became smaller in 19661985 along with the influ-
ence of Westernization of food habits in the rural area.’ Taken
together, it might indicate that the increase in the incidence
of AMI in younger male patients in the rural area was likely
to be associated with the marked increase in the prevalence
of dyslipidemia.

The present study also demonstrates the increase in the
prevalence of hypertension in AMI patients. In the Tohoku
district, including the Miyagi prefecture, the prevalence of
hypertension was relatively higher compared with other parts
of Japan,'*2¢ and thus more careful and strict control of risk
factors is needed.

The prevalence of smoking remained high not only in the
urban areas but also in the rural areas. In particular, in the
younger male patients, the prevalence of smoking (~50%) was
higher compared with the general Japanese population (36.8%
in males and 9.1% in females in 2008).?” Importantly, in the
younger urban female patients, it remained more than 30%; 3
times higher than in the general Japanese population.

Study Limitations

Several limitations should be mentioned for the present study.
First, although in the Miyagi prefecture, almost all AMI pa-
tients are transferred to our participating hospitals via the
established emergency medical system, we cannot complete-
ly confirm that all patients have been registered in our regis-
try. Second, while the MIYAGI-AMI Registry Study has
been conducted over 20 years, the diagnosis of AMI has been
changing.?® In the present study, the diagnosis was made on
the basis of the WHO-MONICA criteria with creatine kinase
(CK).1¢ Indeed, troponins are widely used in recent clinical
practice and are more sensitive and specific biomarkers of
myocyte necrosis than CK,? which might affect the results.
Third, this study is an observational study and cannot reach the
cause-effect relationship. Moreover, we did not examine the
prevalence of risk factors in control subjects and did not col-
lect the data of medical treatment for prevention, thus we were
unable to precisely estimate the influence of risk factors on the
incidence of AMI. Finally, in the present study, we did not
examine the long-term mortality but only examined in-hospital
mortality. The increasing incidence of decreasing in-hospital
mortality from AMI in the Japanese population has apparently
resulted in the recent increase in the number of patients with
ischemic heart failure, as recently demonstrated in our heart
failure cohort study, the CHART-1 and the CHART-2 stud-
ies.3%31 Thus, a more effective strategy to improve the manage-
ment of post-infarction heart failure needs to be developed.

Conclusions

Our MIYAGI-AMI Registry Study demonstrates that urban-
ization and life-style changes have been associated with the
incidence and mortality of AMI in Japan, although sex differ-
ences still remain to be improved.

Acknowledgments
This study was supported, in part, by the grants-in-aid from the Sendai
City, the Miyagi Prefecture and the Miyagi Medical Association and the
grants-in-aid [H22-Shinkin-004] from the Japanese Ministry of Education,
Culture, Sports, Science, and Technology, Tokyo, Japan. We thank all the
collaborators in the MIYAGI-AMI Registry Study (Appendix 1). We also
thank Ayako Tsunoda for excellent secretarial assistance.

References
1. Yeh RW, Sidney S, Chandra M, Sorel M, Selby JV, Go AS. Popula-

Circulation Journal Vol.76, May 2012



1144

HAO K et al.

10.

11.

12,

13.

14.

15.

16.

17.

18.

19.

20.

21.

tion trends in the incidence and outcomes of acute myocardial infarc-
tion. N Engl J Med 2010; 362: 2155-2165.

Parikh NI, Gona P, Larson MG, Fox CS, Benjamin EJ, Murabito JM,
et al. Long-term trends in myocardial infarction incidence and case
fatality in the National Heart, Lung, and Blood Institute’s Framing-
ham Heart study. Circulation 2009; 119: 1203-1210.

Unal B, Critchley JA, Capewell S. Explaining the decline in coro-
nary heart disease mortality in England and Wales between 1981 and
2000. Circulation 2004; 109: 1101 -1107.

Linnersjo A, Hammar N, Gustavsson A, Reuterwall C. Recent time
trends in acute myocardial infarction in Stockholm, Sweden. Int J
Cardiol 2000; 76: 17-21.

Gregg EW, Cheng YJ, Cadwell BL, Imperatore G, Williams DE,
Flegal KM, et al. Secular trends in cardiovascular disease risk factors
according to body mass index in US adults. JAMA 2005; 293: 1868 —
1874.

Tamis-Holland JE, Palazzo A, Stebbins AL, Slater JN, Boland J,
Ellis SG, et al. Benefits of direct angioplasty for women and men
with acute myocardial infarction: Results of the Global Use of Strat-
egies to Open Occluded Arteries in Acute Coronary Syndromes
Angioplasty (GUSTO II-B) Angioplasty Substudy. Am Heart J 2004;
147: 133-139.

Hochman JS, Tamis JE, Thompson TD, Weaver WD, White HD, Van
de Werf F, et al. Sex, clinical presentation, and outcome in patients
with acute coronary syndromes: Global Use of Strategies to Open
Occluded Coronary Arteries in Acute Coronary Syndromes IIB Inves-
tigators. N Engl J Med 1999; 341: 226-232.

Okayama A, Ueshima H, Marmot M, Elliott P, Choudhury SR, Kita
Y. Generational and regional differences in trends of mortality from
ischemic heart disease in Japan from 1969 to 1992. Am J Epidemiol
2001; 153: 1191-1198.

Kubo M, Kiyohara Y, Kato I, Tanizaki Y, Arima H, Tanaka K, et al.
Trends in the incidence, mortality, and survival rate of cardiovascu-
lar disease in a Japanese community: The Hisayama study. Stroke
2003; 34: 2349-2354.

Takii T, Yasuda S, Takahashi J, Ito K, Shiba N, Shirato K, et al.
Trends in acute myocardial infarction incidence and mortality over
30 years in Japan: Report from the MIYAGI-AMI Registry Study.
Circ J 2010; 74: 93—100.

Ueshima H. Explanation for the Japanese paradox: Prevention of
increase in coronary heart disease and reduction in stroke. J Athero-
scler Thromb 2007; 14: 278 —286.

Kitamura A, Sato S, Kiyama M, Imano H, Iso H, Okada T, et al.
Trends in the incidence of coronary heart disease and stroke and their
risk factors in Japan, 1964 to 2003: The Akita-Osaka study. J Am
Coll Cardiol 2008; 52: 71-79.

Sakurai K, Watanabe J, Iwabuchi K, Koseki Y, Kon-no Y, Fukuchi
M, et al. Comparison of the efficacy of reperfusion therapies for early
mortality from acute myocardial infarction in Japan: Registry of
Miyagi Study Group for AMI (MsAMI). Circ J 2003; 67: 209-214.
Watanabe J, Iwabuchi K, Koseki Y, Fukuchi M, Shinozaki T, Miura
M, et al. Declining trend in the in-hospital case-fatality rate from
acute myocardial infarction in Miyagi Prefecture from 1980 to 1999.
Jpn Circ J 2001; 65: 941-946.

Ministry of Internal Affairs and Communications of Japan. 2000
population census of Japan. Tokyo, Japan: Statistics Bureau, Minis-
try of Internal Affairs and Communications, Government of Japan,
2001 (in Jananese).

Tunstall-Pedoe H, Kuulasmaa K, Amouyel P, Arveiler D, Rajakangas
AM, Pajak A. Myocardial infarction and coronary deaths in the
World Health Organization MONICA Project: Registration proce-
dures, event rates, and case-fatality rates in 38 populations from 21
countries in four continents. Circulation 1994; 90: 583-612.
Nishiyama S, Watanabe T, Arimoto T, Takahashi H, Shishido T,
Miyashita T, et al. 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.

Stone GW, Grines CL, Browne KF, Marco J, Rothbaum D, O’Keefe
J, et al. Comparison of in-hospital outcome in men versus women
treated by either thrombolytic therapy or primary coronary angioplasty
for acute myocardial infarction. Am J Cardiol 1995; 75: 987-992.
Milcent C, Dormont B, Durand-Zaleski I, Steg PG. Gender differ-
ences in hospital mortality and use of percutaneous coronary inter-
vention in acute myocardial infarction: Microsimulation analysis of
the 1999 nationwide french hospitals database. Circulation 2007,
115: 833-839.

Kosuge M, Kimura K, Kojima S, Sakamoto T, Ishihara M, Asada Y,
et al. Sex differences in early mortality of patients undergoing primary
stenting for acute myocardial infarction. Circ J 2006; 70: 217-221.
Kuulasmaa K, Tunstall-Pedoe H, Dobson A, Fortmann S, Sans S,

22.

|38
W

24.

25,

26.

27.

28.

29,
30.

315

Tolonen H, el al. Estimation of contribution of changes in classic risk
factors to trends in coronary-event rates across the WHO MONICA
Project populations. Lancet 2000; 355: 675—-687.

Nakamura T, Tsubono Y, Kameda-Takemura K, Funahashi T,
Yamashita S, Hisamichi S, et al. Magnitude of sustained multiple risk
factors for ischemic heart disease in Japanese employees: A case-
control study. Jpn Circ J2001; 65: 11-17.

Nakamura Y, Yamamoto T, Okamura T, Kadowaki T, Hayakawa T,
Kita Y, et al. Combined cardiovascular risk factors and outcome:
NIPPON DATAB0, 1980-1994. Circ J 2006; 70: 960—964.
Kawano H, Soejima H, Kojima S, Kitagawa A, Ogawa H, Investiga-
tors JACSS]J. Sex differences of risk factors for acute myocardial
infarction in Japanese patients. Circ J 2006; 70: 513-517.

Ministry of Health and Welfare of Miyagi prefecture. Report from
health and nutrition invenstigation in Miyagi prefecture, 2000. Miyagi,
Japan: Miyagi Prefectural Government, 2002 (in Jananese).
Tomonari T, Fukuda M, Miura T, Mizuno M, Wakamatsu TY,
Ichikawa T, et al. Is salt intake an independent risk factor of stroke
mortality? Demographic analysis by regions in Japan. J Am Soc
Hypertens 2011; 5: 456-462.

Japan Health Promotion and Fitness Foundation. http://www.health-
net.or.jp/tobacco/product/pd100000.html (accessed on 26 October
2011).

Yasuda S, Shimokawa H. Acute myocardial infarction: The enduring
challenge for cardiac protection and survival. Circ J2009; 73: 2000—
2008.

Jaffe AS, Babuin L, Apple FS. Biomarkers in acute cardiac disease:
The present and the future. J Am Coll Cardiol 2006; 48: 1-11.
Shiba N, Shimokawa H. Chronic heart failure in Japan: Implications
of the CHART studies. Vasc Health Risk Manag 2008; 4: 103—113.
Shiba N, Nochioka K, Miura M, Kohno H, Shimokawa H, CHART-
2 Investigators. Trend of westernization of etiology and clinical
characteristics of heart failure patients in Japan: First report from the
CHART-2 study. Circ J2011; 75: 823-833.

Appendix 1. List of Participating Hospitals and Investigators

Fukaya Hospital, Akiho H, MD.

Hikarigaoka Spellman Hospital, Shimura S, MD.

Ishinomaki Medical Association; Ishinomaki Municipal Hospital, Akai

K, MD.

Ishinomaki Red-cross Hospital, Sukegawa H, MD.

JR Sendai Hospital, Honda H, MD.

Katta General Hospital, Kanno H, MD.

Kesen-numa Hospital, Ogata K, MD.

Kurihara Central Hospital, Komatsu S, MD.

Labour Welfare Corporation Tohoku Rosai Hospital, Komaru T, MD.

Marumori National Health Insurance Hospital, Otomo M, MD.

Miyagi Eastern Cardiovascular Institute, Kikuchi Y, MD.

Miyagi Cancer Center, Owada N, MD.

Miyagi Cardiovascular and Respiratory Center, Osawa N, MD.

Mori Hospital, Mori A, MD.

Nagamachi Hospital, Mitobe H, MD.

Nishitaga National Hospital, Kitaoka S, MD.

NTT EAST Tohoku Hospital, Yamada A, MD.

Oizumi Memorial Hospital, Koiwa Y, MD.

Osaki Citizen Hospital, Hiramoto T, MD.

Saito Hospital, Otsuka K, MD.

Saka General Hospital, Watanabe K, MD.

Sendai Cardiovascular Center, Fujii S, MD.

Sendai City Hospital, Yagi T, MD.

Sendai Kosei Hospital, Meguro T, MD.

Sendai Medical Center, Shinozaki T, MD.

Sendai Open Hospital Sendai City Medical Center, Kato A, MD.

Sendai Public Health Insurance Hospital, Oikawa Y, MD.

Sendai Red-cross Hospital, Wakayama M, MD.

Sendai Tokushukai Hospital, Fukuchi M, MD.

Sen-en General Hospital, Hashiguchi R, MD.

Shichigashuku National Health Insurance Clinic, Nagashima T, MD.

Shiogama City Hospital, Goto J, MD.

South Miyagi Medical Center, Inoue K, MD.

Tohoku Kosai Hospital, Suzuki S, MD.

Tohoku University Hospital,
Department of Cardiovascular Medicine, Shimokawa H, MD.
Department of Cardiovascular Surgery, Saiki Y, MD.
Department of Gastroenterology, Shimosegawa T, MD.

Tohoku Welfare and Pension Hospital, Katahira Y, MD.

Tome Citizen Hospital, Izuma M, MD.

Toyama Clinic on Tome City, Ishii M, MD.

Circulation Journal Vol.76, May 2012



Journal of Cardiology 61 (2013) 216-221

Contents lists available at SciVerse ScienceDirect

Journal of Cardiology

journal homepage: www.elsevier.com/locate/jjcc

Original article

Effect of cardiac rehabilitation on muscle mass, muscle strength, and exercise
tolerance in diabetic patients after coronary artery bypass grafting

Miho Nishitani (MD)?, Kazunori Shimada (MD, FJCC)2-P-*, Masayuki Masaki (MD)?,
Satoshi Sunayama (MD)?, Atsumi Kume (MD)?, Kosuke Fukao (MD)?, Eiryu Sai (MD)?,
Tomo Onishi (PhD)P, Miki Shioya (MS)P, Hiroyuki Sato (MD)P:¢, Taira Yamamoto (MD)4,
Atsushi Amano (MD, FJCC)4, Hiroyuki Daida (MD, FJCC)?

2 Department of Cardiovascular Medicine, Juntendo University School of Medicine, Tokyo, Japan

b Juntendo Sports Clinic, Juntendo University Hospital, Tokyo, Japan

¢ Department of General Medicine, Juntendo University School of Medicine, Tokyo, Japan
d Department of Cardiovascular Surgery, Juntendo University School of Medicine, Tokyo, Japan

ARTICLE INFO ABSTRACT
Article history: Background: The effects of cardiac rehabilitation (CR) on muscle mass, muscle strength, and exercise
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tolerance in patients with diabetes mellitus (DM) who received CR after coronary artery bypass grafting
(CABG) have not been fully elucidated.
Methods: We enrolled 78 consecutive patients who completed a supervised CR for 6 months after CABG
(DM group, n=37; non-DM group, n=41). We measured mid-upper arm muscle area (MAMA), handgrip
power (HGP), muscle strength of the knee extensor (Ext) and flexor (Flex), and exercise tolerance at the
beginning and end of CR.
Results: No significant differences in confounding factors, including age, gender, ejection fraction, or
number of CR sessions, were observed between the two groups. At the beginning of CR, the levels of Ext
muscle strength and peak VO, were significantly lower in the DM group than in the non-DM group. At
the end of CR, significant improvement in the levels of muscle strength, HGP, and exercise tolerance was
observed in both groups. However, the levels of Ext muscle strength, HGP, peak VO,, thigh circumference,
and MAMA were significantly lower in the DM group than in the non-DM group. In addition, no significant
improvement in thigh circumference and MAMA was observed in the DM group. At the end of CR, the
levels of thigh circumference and MAMA correlated with Ext and Flex muscle strength as well as with
HGP. Percent changes in the levels of Ext muscle strength were significantly correlated with those of
MAMA and hemoglobin Alc.
Conclusions: These data suggest that improvement in muscle strength may be influenced by changes in
muscle mass and high glucose levels in DM patients undergoing CR after CABG. A CR program, including
muscle mass intervention and blood glucose control, may improve deterioration in exercise tolerance in
DM patients after CABG.
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Introduction such as percutaneous coronary intervention and coronary artery

bypass grafting (CABG). However, the benefits of revascularization

Patients with diabetes mellitus (DM) are at increased risk of
coronary artery disease (CAD) [1]. Patients with DM are at 2-4 times
higher risk of developing CAD and mortality due to CAD compared
with non-DM patients [2]. Patients with CAD are treated by life-
style modification, medical therapy, and coronary revascularization
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are less and the risks and complications are greater than those in
non-DM patients. Previous studies have also reported a high inci-
dence of bypass graft dysfunction and a high mortality even in DM
patients who underwent CABG [3].

Cardiac rehabilitation (CR) has numerous benefits such as mod-
ification of risk factors and prevention of future cardiovascular
events [4]. Improvement in peak VO, after CR reduced cardiovas-
cular morbidity and mortality in patients with CAD [5]. However, a
previous study demonstrated that the presence of DM was a nega-
tive factor for improvementin peak VO, [6]. Another report showed
a significant inverse relationship between fasting blood glucose
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