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ARTICLE INFO ABSTRACT
Keywords: Background: Hypertension, diabetes, dyslipidemia and smoking are established coronary risk factors for coronary
Coronary risk factors heart disease in the general population. However, in Japanese patients with acute myocardial infarction (AMI),

Acute myocardial infarction

: k the impact of the number of coronary risk factors on in-hospital morality remains unclear.
In-hospital mortality

Methods: The Japan Acute Myocardial Infarction Registry (JAMIR) is a nationwide real-world database. We
examined the association between the number of coronary risk factors and in-hospital mortality.

Results: Data were obtained from total of 20462 AMI patients (mean age, 68.8 + 13.3 years old; 15281 men, 5181
women). The prevalence of hypertension increased with advancing age, while the prevalence of smoking
decreased with advancing age. The prevalence of diabetes and dyslipidemia were highest in middle age. A ma-
jority (76.9%) of the patients with AMI had at least 1 of these coronary risk factors. Overall, the number of
coronary risk factor was relatively less in older subjects and women under 50 years old. Crude in-hospital
mortality rates were 10.7%, 10.5%, 7.2%, 5.0% and 4.5% with 0, 1, 2, 3 and 4 risk factors, respectively. After
adjusting for age and sex, there was an inverse association between the number of coronary risk factors and the in-
hospital mortality (adjusted odds ratio [1.68; 95% confidence interval, 1.20-2.35] among individuals with O vs. 4
risk factors).

Conclusion: In the present study of Japanese patients with AMI, who received modern medical treatment, in-
hospital mortality was inversely related to the number of coronary risk factors. To investigate the underlying
reasons for these findings, further studies are needed.
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1. Introduction

Hypertension, diabetes, dyslipidemia and smoking are well-
established coronary risk factors that should be controlled according to
many guidelines for the primary and secondary prevention of cardio-
vascular disease [1-4]. Historically, establishing these coronary risk
factors took very long time [5]. For example, in the mid-20th century,
many believed that a permissible systolic blood pressure was 100 plus the
patient's age in millimeters of mercury [S]. The Framingham studies
made tremendous progress in this field [5].

In Japan, the above-mentioned coronary risk factors were found to be
similarly important for the incidence of coronary artery disease, as shown
in the Hisayama studies [6,7]. These epidemiologic studies recommend
risk stratification using the Framingham score or similar [7,8]. In these
risk stratification methods, the more coronary risk factors that are pre-
sent, the greater the likelihood of having coronary artery disease [7,8].
Therefore, the number of coronary risk factors influences the prediction
and prevention of the incidence of coronary artery disease in the general
population [7,8]. However, how the number of coronary risk factors
affects in-hospital mortality of patients who have developed acute
myocardial infarction (AMI) remains unclear.

In the present study, we assessed the impact of the number of coro-
nary risk factors on the in-hospital mortality using the Japan Acute
Myocardial Infarction Registry (JAMIR).

2. Methods

The JAMIR consists of 10 representative regional AMI registry groups
or institutions in Japan [9,10]. A total of 20,596 consecutive patients
with spontaneous AMI, defined as type 1 by the Joint European Society of
Cardiology/American Heart Association/World Heart Federation, were
included between 2011 and 2013 in a retrospective manner [11]. When
the troponin level was not available, the WHO Monitoring of Trends and
Determinants in CardioVascular Disease (MONICA) criteria were applied
[12]. Procedure-related MI (type 1) and patients hospitalized within 24 h
after the onset were excluded from the JAMIR.

Coronary risk factors included hypertension, diabetes (fasting plasma
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glucose level of >126 mg/dl, casual glucose level of >200 mg/dl, 2-h
level of >200 mg/dl, hemoglobinAlc > 6.5%, or use of medications
for diabetes), dyslipidemia (low-density lipoprotein cholesterol level
>140 mg/dl, high-density cholesterol level <40 mg/dl, triglyceride level
>150, or use of lipid-lowering medications), and current smoking
(smoking within the preceding year). The assessment of coronary risk
factors refers to both before and/or during admission. Hypertension was
defined if the resting blood pressure is persistently at or above 140/
90 mmHg. Patients under antihypertensive treatment were also included.
The treatment strategy, including medication and reperfusion therapy,
was left up to the individual cardiologist at the local institution. The
study was approved by the local institutional review board.

Continuous variables were expressed as the mean + standard devia-
tion or median value (25th-75th percentile) as appropriate. The
normality of data was tested with the Shapiro-Wilk test. Categorical
variables were expressed as percentages. Comparisons of continuous
variables with normal distribution were tested by an analysis of variance.
Comparisons of continuous variables with a non-normal distribution
were tested by Wilcoxon's test. Categorical variables were analyzed by
the chi-square test as appropriate. Multivariable logistic regression was
performed to assess the association of the number of coronary risk fac-
tors. Age and sex were entered into this model. The JMP software pro-
gram, ver. 14 (SAS institute, Cary, NC, USA), was used for the statistical
analyses. P-values of <0.05 were considered statistically significant.

3. Results
3.1. Baseline characteristics

A total of 20,462 patients (15,281 men and 5181 women) were
included after excluding 134 patients <20 years old. Table 1 shows the
baseline characteristics of the study patients, which were stratified by the
number of coronary risk factors. The average age was oldest (71 + 14
years old) in patients with 1 coronary risk factor and youngest (62 + 12
years old) in those with 4 coronary risk factors. Similarly, the male
proportion was smallest in the patients with one coronary risk factor but
largest in those with four coronary risk factors.

Table 1
Baseline characteristics by the number of coronary risk factors.
Number of coronary risk factors Overall 0 1 2 3 4 P-value
Number (n) 20462 4734 5139 6037 3656 896
Age (years) 69 +£13 69 £13 71 £ 14 69 +£13 66 + 12 62 +£12 <0.0001
Male (%) 74.7% 73.5% 70.8% 73.6% 79.6% 90.5% <0.0001
Coronary risk factors
Hypertension (%) 63.6% 0.0% 50.5% 77.0% 92.0% 100.0% <0.0001
Diabetes (%) 32.8% 0.0% 12.8% 32.1% 66.7% 100.0% <0.0001
Dyslipidemia (%) 46.2% 0.0% 17.1% 56.5% 86.0% 100.0% <0.0001
Smoking (%) 34.5% 0.0% 21.1% 35.8% 56.5% 100.0% <0.0001
Killip <0.0001
1 (%) 71.8% 73.1% 68.0% 73.1% 73.4% 70.8%
2 (%) 11.8% 9.7% 13.6% 12.3% 11.6% 11.9%
3 (%) 6.3% 4.9% 7.1% 6.3% 6.9% 7.8%
4 (%) 10.1% 12.2% 11.4% 8.3% 8.2% 9.5%
STEMI (%) 79.7% 84.3% 79.8% 78.1% 76.6% 76.9% <0.0001
E-CAG (%) 89.6% 87.6% 88.3% 90.8% 90.6% 91.9% <0.0001
Ant-MI (%) 47.6% 49.3% 49.1% 46.4% 45.9% 45.5% 0.0018
LMT-culprit (%) 3.0% 5.1% 3.5% 2.5% 2.2% 2.9% <0.0001
Multi vessel disease (%) 58.9% 42.1% 45.2% 47.9% 53.7% 58.9% <0.0001
Primary PCI (%) 87.9% 86.5% 85.7% 88.8% 89.8% 93.1% <0.0001
Door-to-balloon time (min) 80 (52-142) 82 (60-124) 81 (50-167) 83 (50-160) 80 (49-161) 93 (55-185) 0.02
Onset-to-balloon time (min) 230 (141-420) 245 (161-464) 236 (145-494) 245 (145-555) 260 (148-577) 260 (161-595) 0.48
Final TIMI flow <0.0001
0 (%) 2.1% 3.0% 2.1% 1.4% 1.9% 1.3%
1 (%) 1.1% 1.4% 1.3% 0.9% 1.1% 1.1%
2 (%) 5.2% 6.7% 5.3% 4.4% 4.7% 5.2%
3 (%) 91.6% 89.0% 91.3% 93.4% 92.4% 94.0%

STEMI, ST-elevation myocardial infarction; E-CAG, emergent coronary angiography; Ant-MI, anterior myocardial infarction; LMT, left main trunk; PCI, percutaneous

coronary intervention.
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- The prevalence and number of each coronary risk factors per age by
g 3 decade and sex are shown in Table 2. The prevalence of hypertension
Elead el £82cow increased as the patients aged, while the prevalence of smoking
Yy haada arane- decreased. The prevalence of diabetes was greatest among subjects in
° ° their 60s for both men and women. The prevalence of dyslipidemia was
?&; @ e Gaoe A greatest among subjects in their 40s for men and in their 50s for women.
3| s § FLI88 58S Regarding the number of coronary risk factors, women under 50 years
old showed distinctly different features from the rest because a sub-
© S stantial number of these patients had no coronary risk factors. Subjects in
g % Moo @tnn :i their 40s had the most coronary risk factors in men (1.8 + 1.2), while
I R R those in their 50s had most coronary risk factors in women (1.6 + 1.2).
- Patients without coronary risk factors had a greater prevalence of
o — Killip 4, ST-elevation MI (STEMI), left main trunk (LMT) culprit, anterior
2l2|89nayg wl\ovxo:: MI and final thrombolysis in MI (TIMI) 0 flow than th with risk fac-
BIZ|VEBK] ISR~ ysis ow than those sk fac
tors. Patients with four coronary risk factors had the greatest prevalence
= of emergent coronary angiography (E-CAG), multi-vessel disease and
é Se<com o | primary percutaneous coronary intervention (PCI) and the longest door-
glmgggs ggansts to-balloon time.
Fig. 1 shows the in-hospital mortality of AMI for men and women per
- = decade. The in-hospital mortality was the lowest among subjects in their
T|lg|8n T2 29329, f, 40s for men and those in their 50s for women. Surprisingly, the in-
Rlzleovan aa6 - hospital mortality of women under 40 years old was as high as 12%,
- which resulted in a J-curve phenomenon for the in-hospital mortality of
< i AMI in women. Fig. 2A shows the in-hospital mortality by the number of
E § % E % ; § g ; ; b coronary risk factors, with the in-hospital mortality being the greatest in
patients without any risk factors followed by 1, 2, 3 and 4 risk factors
o (10.7%, 10.5%, 7.2%, 5.0% and 4.4%, respectively). In order to adjust for
% 28 we wowowg | the age and sex, a multivariable model was used to assess the in-hospital
gls[92828¢ JS8TA mortality (Fig. 2B, reference = patients with 4 coronary risk factors).
o Patients with O or 1 coronary risk factors showed a significant risk for in-
K — hospital mortality compared with patients with 4 coronary risk factors.
LI3FRET (8826 . .
4. Discussion
N
? 2lgetno anmo 5 In this Japanese na.ltion—wide study., the r<-elationship. between tl.le
IS8 8m8 S2g90 4 number of coronary risk factors and in-hospital morality of AMI in
community practice was examined. A high prevalence of risk factor
o 3 exposure with AMI was confirmed in Japanese patients. The number of
% L2972 gage, i coronary risk factors was the greatest in middle-aged subjects (those in
ElmRoae A oaS their 40s for men and 50s for women), while the in-hospital mortality of
% . AMI was the lowest in the subjects. The in-hospital mortality of AMI was
§ N " thus inversely related to the number of coronary risk factors in Japanese
s <°Ir g g BeSd g9 dR® patients who received modern medical treatment.
g The number of coronary risk factors have previously been reported to
3 . i be associated with incidence of coronary artery disease in the general
2 Té! Noma 99 _9_ i population [5-8]. We are not challenging this common sense, however,
&% £|88F=ER B88$S5sS in this study, we only assessed the impact of the number of coronary risk
g - o factors on in-hospital mortality in an AMI population not in the general
ol T — population. Thus, multiple coronary risk factors seem to influence
S1El2le=329 2523w :; in-hospital mortality differently between the AMI population and the
S|PIE ]| ~06 ANA=O6 - . - . .
o general population. A similar study has been carried out by Canto et al. in
& 542,008 patients with their first MI and no history of cardiovascular
g disease [13]. In that study, the in-hospital mortality was investigated
§ according to the number of coronary risk factors, including hypertension,
5] g diabetes, dyslipidemia, smoking and a family history [13]. The crude
g E in-hospital mortality was 14.9%, 10.9%, 7.9%, 5.3%, 4.2% and 3.6% for
= @ 4 patients with 0, 1, 2, 3, 4 and 5 coronary risk factors, respectively, which
_qg % g was consistent with the findings of our study, although the subjects
§ % g g differed in race [13]. Another point which needs to be mentioned is the
_g = E, g fact that the proportion of patients with cardiogenic shock (Killip 4) was
g 3 é ; _ % found to be greater as the number of coronary risk factors decreased, and
§ ,\ ‘g Socf 23 © this finding was also consistent with the findings of a previous study [13].
Sl e G- 3:/ f’}o s g 1§ In the study by Canto et al., the proportion of patents with cardiogenic
AR 222425888888 %0 §|E shock was 6.1%, 5.0%, 4.4%, 3.7%, 3.5% and 3.3% for patients with 0, 1,
% = Eo g § % E@ (% § SAN A :‘%’ g @ 2, 3, 4 and 5 coronary risk factors, respectively [13]. Our study popula-
= & tion included AMI patients with previous MI, which might have affected
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In-Hospital Mortality (Age by decade, Sex)
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Fig. 1. In-hospital morality was shown according to age by decade and sex.
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Fig. 2. A. The crude in-hospital mortality by the number of coronary risk factors. B. The adjusted in-hospital mortality risk by the number of coronary risk factors.

the higher prevalence of cardiogenic shock in comparison to the study by medical treatment approaches, such as statin treatment or intensive
Canto et al. diabetic control. Studies predicting the prevalence of cardiovascular
The impact of coronary risk factors may be modified by modern disease were mainly performed before evidence had been obtained
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concerning the efficacy of statin treatment or intensive diabetic control
[5,6,8,14,15]. The penetration rate of statin treatment for
high-cholesterol and intensive diabetic control has been increasing, as it
is highly recommended by guidelines [1-4,16]. Indeed, in Japan, despite
a continuous and marked rise in total cholesterol levels, a continuous
decline in mortality due to coronary heart disease has been observed
[171.

The obesity paradox reported by Hastie et al. is another phenomenon
that resembles the findings of our present study [18]. In the study by
Hastie et al., overweight (body mass index [BMI] >27.5 but <30) was
associated with a lower mortality than a normal weight (BMI >20 but
<25) or underweight (BMI <20) among patients undergoing PCI. Of
note, that study showed that a higher BMI was associated with an
increased number of coronary risk factors, such as hypertension and
diabetes. Similar findings were also reported in previous studies [19,20].
The inverse association between the number of coronary risk factors and
in-mortality in our study may therefore partially represent the underlying
obesity paradox.

Pathologically, AMI is not a single homogenous disease, as it is caused
by multiple types of culprit plaque, including plaque rupture, plaque
erosion and calcified nodules [21]. The impact of coronary risk factors
differs depending on the culprit plaque [22-24]. Plaque rupture is highly
associated with a high level of cholesterol, while plaque erosion is less
closely associated with coronary risk factors [22,23]. In the present
study, women under 50 years old showed distinct features of a low
number of coronary risk factors but a relatively high in-hospital mor-
tality, although the total number of women under 50 years old was only
154, accounting for 0.7% of the total population. These women are more
likely to develop plaque erosion than other population according to
previous studies [21-23]. Spontaneous coronary artery dissection may be
partially involved, as which often occur in younger women and its
in-hospital mortality is reported to be higher [25]. The elderly are
another population that showed a high in-hospital mortality of AMI
despite relatively few coronary risk factors. The culprit plaque is more
likely to be calcified nodules in people over 80 years old than in other
populations, and this type seems to be associated with a poorer outcome
than other culprit plaques [21,23,24,26].

The in-hospital mortality of patients over 80 years old is markedly
high despite relatively few coronary risk factors, which may have
affected the results of our study. Multiple factors influence the outcomes
of elderly patients. Physical fitness, which is important and protective
against cardiovascular disease, is generally impaired in this population
[27]. Previous studies have shown that older AMI patients are often
complicated with heart failure, which may be associated with increased
ventricular systolic and diastolic stiffness in elderly patients [9,28,29].
Therefore, despite the relatively few coronary risk factors in older people,
the cumulative effects of coronary risk factors are likely to matter.
Another point is that superaged patients (over 80 years old) tend to have
less chance to undergo revascularization therapy [9,30]. In our popula-
tion, only 79.9% of patients >80 years old received primary PCI, while
90.3% of those <80 years old received primary PCI [9]. This might have
influenced the high in-hospital mortality of patients over 80 years old
who have relatively few coronary risk factors, although the actual situ-
ation is not quite that simple [9,29]. The selection of an invasive strategy
for super-aged AMI patients is expected to increase as the average life
expectancy time increases and technology improves [29]. Overall, in
elderly patients, multiple factors beyond traditional coronary risk factors
exist, which makes predicting the outcomes of this population quite
complex.

4.1. Limitations

Several limitations associated with the present study warrant
mention. Information on the family history and a previous history of
either coronary artery disease or the prevalence of chronic kidney disease
was not collected, which might have had some effect on the results. It is
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also possible that an accurate diagnosis of coronary risk factors in more
severe AMI patients may have been missed or overlooked due to a
patient's severe condition. Similarly, masked hypertension, diabetes,
dyslipidemia and smoking may have been under-reported. The lack of a
quantifiable analysis of the coronary risk factors may also have limited
the extent of the study. Our study findings only apply to AMI patients
with an onset-to-door time of 24 h or less.

5. Conclusion

In the present study of Japanese patients with AMI who received
modern medical treatment, middle-aged subjects (40s for men and 50s
for women) had the most coronary risk factors but the lowest in-hospital
mortality. The in-hospital mortality of AMI was inversely related to the
number of coronary risk factors. Further studies are needed to investigate
the underlying reasons for these findings.
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