Multiple biomarkers in CHF 185

(A) Hazard ratio of total cardiac events (B) Hazard ratio of cardiac deaths
relative o Low stratum relative to Low stratum
5 5 -
4 4 4 "k
o
Ead
3 34
2 * 2
1 . 1
Q 0 I
Low Iintermediate High Low Intermediate High

Figure 4 'Hazard ratios adjusted for age and sex by univariate Cox proportional hazard analysis. The high stratum was
associated with the highest risk for total cardiac events (A) and cardiac deaths (B) among the 3 strata. *p <0.001 vs
low stratum patients.

Table 4 Univariate and multivariate analyses of predicting cardiac events.

Variable Hazard ratio 95% confidence interval p-Value
Univariate analysis
Age (per 1 5.D. increase), (0.026, 12) 1.366 1.074—1.715 0.0111
NYHA functional class 1.305 0.810-1.117 0.0932
LVEF (per 1 S.D. increase), (0.011, 19) 0.812 0.625—-1.039 0.0985
Multimarker score 1.764 1.342-2.320 <0.0001
Multivariate analysis
Age (per 1 S.D. increase), (0.019, 12) 1.256 : 0.964—1.657 0.0963
NYHA functional class 1.156 0.656—1.447 0.2159
LVEF (per 1 5.D. increase), (0,0008, 19) 0.985 0.649-1.122 0.2624
Multimarker score 1.689 1.239-2.304 0.0009

Abbreviations as in Table 1.
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Figure 5 Kaplan—Meier analysis in chronic heart failure patients stratified into 3 strata based on multimarker score,

Patients in the high stratum had significantly higher rates of total cardiac events (A) and cardiac deaths (B) compared
with lower strata. '
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66.7% in high stratum, respectively. These results
suggest that in patients with high multimarker
score, prognosis is poor and intense follow-up
with chest-X ray, echocardiography, and blood
examination after discharge is recommended.

Discussion

In the present study, we showed that multimarker
score was higher in patients with cardiac events
than in those without cardiac events. The univari-
ate Cox proportional hazard analysis demonstrated
that patients in the high stratum were associated
with the highest risk for cardiac events compared
with lower strata. Only multimarker score was an
independent predictor of cardiac events among
age, NYHA functional class, and LVEF by the multi-
variate Cox proportional hazard regression analysis.
Furthermore, cardiac events occurred most fre-
quently in patients in the high stratum compared
with lower strata. These findings suggest that the
combination of multiple biomarkers could poten-
tially improve the risk stratification of CHF patients
for the prediction of cardiac events.

Our results have clinical importance; incorporat-
ing this powerful risk prediction in the management
of patients with CHF may be potentially helpful
to improve their dismal prognosis. The suggested
multiple biomarkers reflecting different aspects of
interrelated pathophysiological processes of CHF
appear to be suitable to designate this high-risk
group of CHF patients. The 7 biomarkers in this
study are easy to measure in the routine exami-
nation, and can be used multiple times to follow
up patients without interobserver variability, and
are also appropriate in the emergency setting.
Therefore, it seems that this approach using mul-
tiple biomarkers is useful as one of the options for
risk stratification and information of tailored treat-
ment, which includes more intense monitoring and
specialist care in CHF patients.

Many clinicians have encountered problems in
CHF patients. How will we identify and detect CHF
patients at an earlier stage? How do we predict CHF
patients with the greatest risk of cardiac events
or cardiac deaths? Shortness of breath, general
fatigue, and even edema do not hecessarily indicate
the presence of CHF in a case. Nevertheless, the
clinician must have a high index of suspicion that
the source of patients’ problems may be CHF and
must assess whether patients have volume overload
and cardiac dysfunction. It seems that measure-
ment of these 7 markers may aid in the diagnosis
and assessment of CHF.

There was no difference in rate of use of
ACE inhibitors, ARBs, and B-blockers at discharge
among the 3 strata. Multimarker score identified
CHF patients who are at increased risk of car-
diac events and who may warrant more aggressive
therapy. It is important that we perform thera-
peutic intervention in prospective clinical trials
to improve prognosis of severe CHF patients in
the future. In addition, patients with preserved
ejection fraction were included in this study.
We will analyze the difference in multimarker
score between patients with preserved ejection
fraction and systolic heart failure in the future.
Cardiac events increased with advancing multi-
marker score. Because echocardiography is subject
to interobserver variations in interpretation, it
seems this muitimarker approach is a simple and
easy method to estimate severity and prognosis of
CHF for many clinicians.

We selected 7 biomarkers on the basis of previous
experimental and clinical studies. We acknowledge
other biomarkers not tested in this study, such as
troponin T or heart-type fatty acid binding protein
{markers for ongoing myocardial damage) [13—15],
cystatin C (a new marker for renal function) [16],
and inflammatory [17] and oxidative stress mark-
ers [18]. Improvement in biomarker strategies may
depend on the discovery of new biomarkers.

Conclusions

Our findings suggest that this simple multimarker
approach demonstrates the potential to assist clin-
icians in predicting prognosis of CHF patients with
low cost and wide availability. Future study is
needed to show whether this multimarker approach
allows clinicians to improve management and prog-
nosis in CHF patients.
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Abstract

Objective lodine-123-metaiodobenzylguanidine (‘%I
MIBG) has been used to assess the function of the car-
diac sympathetic nervous system in patients with chronic
heart failure (HF). The usefulness of '**I-MIBG imaging for
evaluating patients with heart failure with preserved ejection
fraction (HFPEF) has not been established.

Methods We performed '*I-MIBG scintigraphy and
echocardiography and measured the plasma brain natri-
uretic peptide (BNP) levels of 117 consecutive HF patients
(64 men, mean age 66 £ 14 years) with a left ventricular
ejection fraction (LVEF) of >50% who were admitted to
our hospital. Patients were divided into 2 groups according
to the New York Heart Association (NYHA) functional
class.

Results The '*I-MIBG delayed heart-to-mediastinum
(H/M) ratio was significantly lower, and the washout rate
(WR) was higher in patients with HFPEF with advanced
NYHA functional class (NYHA functional class I and II vs.
III: 1.90 £ 0.34 vs. 1.49 + 0.32, p < 0.0001; 259 + 134
vs. 46.9 £+ 16.3%, p < 0.0001, respectively). On the other
hand, the '*I-MIBG WR was not correlated with LVEF and
had a weak correlation with plasma BNP levels (R = 0.207,
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p = 0.0346). Moreover, patients with a high '“I-MIBG WR
showed a poor clinical outcome (p = 0.0033):
Conclusions '**I-MIBG imaging provides independent
prognostic information in patients with HFPEF.

Keywords Cardiac imaging - Sympathetic nervous
system - Washout rate - Preserved ejection fraction

Introduction

Activation of the sympathetic nervous system plays an
important role in the progression of heart failure (HF)
[1-3]. There is a correlation between the severity of HF and
serum norepinephrine (NE) levels [4, 5]. Cardiac imaging
with iodine-123-metaiodobenzylguanidine (‘**I-MIBG),
an analogue of NE, is a useful tool for detecting abnor-
malities of the myocardial adrenergic nervous system in
patients with HF. A number of studies have reported that
'ZL.MIBG imaging provides powerful diagnostic and
prognostic information especially in HF patients with
reduced left ventricular (LV) systolic function [6-8].

Congestive HF without reduced LV systolic function is
commonly referred to as HF with preserved ejection frac-
tion (HFPEF) [9-11], and HFPEF is increasingly recog-
nized as a common problem and has been observed in
30-50% of congestive HF patients in recent times.
Although morbidity and mortality rates in patients with
HFPEF are high [9, 10, 12], most of the previous studies
have focused on systolic HF. The clinical usefulness of
'Z1-MIBG scintigraphy to predict an adverse outcome has
not been established yet for HFPEF. Therefore, the aim of
the present study was to examine whether '’I-MIBG
imaging could reliably identify patients with HFPEF who
are at risk for future cardiac events.
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Methods
Study subjects

We performed '*I-MIBG scintigraphy and measured
plasma levels of brain natriuretic peptide (BNP) in 368
consecutive patients who were admitted to our hospital for
the treatment of worsening HF, the diagnosis and patho-
physiologic investigations of HF, and the therapeutic eval-
uations of HF from April 2002 to December 2009. In
addition, 117 HF patients with an LV ejection fraction
(LVEF) of >50% [12, 13] (64 men, 53 women, mean age
66 + 14 years) were enrolled in this study. The diagnosis of
HF was made by two senior cardiologists using the generally
accepted Framingham criteria and patient information,
including a history of dyspnea and symptomatic exercise
intolerance with signs of pulmonary congestion, peripheral
edema, presence of moist rales on auscultation, or docu-
mentation of LV dysfunction by chest X-ray or echocardi-
ography. In the present study, patients were divided
according to the New York Heart Association (NYHA)
functional class when 'ZI-MIBG scintigraphy was per-
formed. Twenty-five subjects without HF, who underwent
1231_MIBG scintigraphy, served as controls. Those subjects
were diagnosed as normal by physical examinations, elec-
trocardiography, chest X-ray, and echocardiography.
A written informed consent was given by all patients, and the
institutional review board of our institute approved the study
protocol [14-16].

No patient had clinical symptoms or signs suggestive of
acute coronary syndrome or acute myocarditis in the
3 months preceding admission. None had taken tricyclic
antidepressants, serotonin reuptake inhibitors, and steroidal
anti-inflammatory drugs [14, 15, 17]. Patients with renal
insufficiency characterized by a serum creatinine level of
>2.0 mg/dL and ischemic HF patients were excluded from
the present study. Coronary arteriography was performed
to diagnose ischemic HF.

123]_MIBG imaging

We performed '*’I-MIBG imaging just before discharge
(mean; 11 days after admission) in stable condition. A dose
of 111 Mbq of '**I-MIBG (FUJIFILM RI Pharma Co., Ltd,
Tokyo, Japan) was administered with 20 mL saline while the
patients were resting in the supine position after an overnight
fast. All images were acquired using a 256 x 256 matrix and
a 3-head rotating gamma camera equipped with a low-
energy, high-resolution collimator (Multi-Spect 3; Siemens
Medical Systems, Chicago, IL, USA) as previously reported
[15]. Five-minute anterior planar imaging was carried out at
30 and 240 min following '’I-MIBG injection. The planar

@ Springer

123l_.MIBG images were analyzed by a region-of-interest
(ROI) technique to obtain semiquantitative parameters for
tracer distribution. The '*’I-MIBG count densities of the
heart (H) and the mediastinum (M) were calculated from the
30- and 240-min images. The heart-to-mediastinum
(H/M) ratios of 1231 MIBG uptake at 30 min (early H/M) and
at 240 min (delayed H/M) were calculated as previously
reported. The washout rate (WR) from the myocardium was
calculated as [(H — M) at 30 min—(H — M) at 240 min] x
100/(H — M) at 30 min (%) [8].

Echocardiography and blood examination

We performed conventional M-mode and two-dimensional
echocardiographic studies using standard techniques within
3 days of the day when '2I-MIBG scintigraphy was per-
formed. A sample of venous blood was obtained from the
study subjects within 3 days of the day when '*’I-MIBG
scintigraphy was performed. The glomerular filtration rate
(GFR) was estimated from the modification of diet in renal
disease formula [18].

End-points and follow-up

Patients were prospectively followed up for a mean period
of 1025 days. The end-points were (1) cardiac death,
defined as death from worsening HF or sudden cardiac
death, and (2) worsening HF requiring readmission. Sud-
den cardiac death was defined as death without definite
premonitory symptoms or signs and was established by the
attending physician. Patients were contacted after the ini-
tial presentation by the telephone interview performed by
trained researchers.

Statistical analysis

Results are expressed as mean & SD for continuous vari-
ables and as percentages of the total number of patients for
categorical variables. Skewed variables are expressed as
medians and interquartile range. Significance between the
2 groups was determined by unpaired Student’s ¢ test for
continuous variables and by chi-square test for categorical
variables. If data were not distributed normally, the Mann—
Whitney U test was used. A p value of <0.05 was con-
sidered significant. Univariate and multivariate analyses
with the Cox proportional hazard regression model were
used to determine significant predictors of cardiac events.
The cardiac event-free curve was computed according to
the Kaplan-Meier method and compared using the log-
rank test. Statistical analysis was performed with a standard
statistical program package (Stat View version 5.0; SAS
Institute Inc., Cary, NC, USA).
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Results
Clinical characteristics of study subjects

Clinical characteristics, including '’I-MIBG scintigraphic,
biochemical, and echocardiographic findings, acquired
when the patients were in a stable condition before dis-
charge and medications of the 117 HFPEF patients and 25
control subjects enrolled in the study are shown in Table 1.
There were 27 patients with NYHA functional class I; 73
patients with NYHA functional class II; and 17 patients
with NYHA functional class IIl when '*’I-MIBG imaging
was performed. Hypertension, hyperlipidemia, and diabe-
tes mellitus were identified in 71 (61%), 32 (27%), and
25 (21%) patients, respectively; 27 patients (23%) were
current smokers. The etiologies of HF were identified as
idiopathic dilated cardiomyopathy (DCM) in 11 patients
(9%), hypertensive heart disease (HHD) in 44 (38%)
patients, hypertrophic cardiomyopathy (HCM) in 15 (13%)
patients, arrhythmia-induced HF in 21 (18%) patients, and
others in the remaining 26 patients (22%). The median
plasma level of BNP was 165 pg/mL (range 61.8-344 pg/
mL) in patients with HFPEF in a stable condition. Early
and delayed H/M ratios were significantly lower and the
WR was significantly higher in patients with HFPEF than
in control subjects (Table 1). There were no significant
differences in WR and H/M ratio among these cardiomy-
opathies; however, LVEF was significantly lower in the
DCM group (54.7 £+ 5.2%) and higher in the HCM group
(74.5 £ 7.2%). In the HHD group, the number of patients
with hypertension and diabetes mellitus was significantly
larger than in the other groups.

Relationships between '*’I-MIBG imaging parameters
and NYHA functional class

As shown in Fig. 1a, b, the delayed H/M ratio was sig-
nificantly lower and the WR was higher in patients with
HFPEF and advanced NYHA functional class (NYHA
functional class I and I vs. ITI: 1.90 & 0.34 vs. 1.49 + 0.32,
p <0.0001; 259 + 134 vs. 469 £+ 16.3%, p < 0.0001,

respectively).

Comparison of clinical characteristics of HFPEF
patients between the low WR group and the high
WR group

We divided the patients with HFPEF into 2 groups on the
basis of the cut-off value of 'I-MIBG WR (26.5%),
which was calculated from the receiver-operator charac-
teristic (ROC) curve: low WR group (<26.5%, n = 54) and
high WR group (>26.5%, n = 63). The clinical charac-
teristics were compared between patients in the low and

high '**I-MIBG WR groups (Table 2). The complication of
diabetes mellitus was more prevalent in the high WR group
than in the low WR group. The NYHA functional class was
more severe in the high WR group than in the low WR
group. BNP was significantly higher and the estimated
GFR was significantly lower in the high WR group than in
the low WR group. Early and delayed H/M ratios were
significantly lower and the WR was significantly higher in
the patients in the high WR group than in the patients in the
low WR group. Regarding the echocardiographic LVEF,
there was no significant difference between the 2 groups
(Table 2),

Correlation of '>’I-MIBG WR with BNP and LVEF

The '“I-MIBG WR was weakly correlated with BNP
(R = 0.207, p = 0.0346) by a simple linear regression
analysis (Fig. 2). The ROC curves for 'I-MIBG WR,
BNP, and delayed H/M ratio were constructed. The area
under the ROC of '**I-MIBG WR was larger than that of
BNP or delayed H/M ratio (0.6621 vs. 0.4946 or 0.6201),
suggesting that 'ZI-MIBG WR was superior to BNP or
delayed H/M ratio in predicting adverse cardiac events.
The sensitivity and specificity to detect future cardiac
events were 69.0 and 59.2% by '*I-MIBG WR, 63.6 and
63.8% by BNP, and 78.3 and 50.0% by delayed H/M ratio,
respectively.

Prognosis of subjects and '>*I-MIBG WR value

There were 42 cardiac events (3 cardiac deaths and 39
rehospitalizations) during the follow-up period in all
patients with HFPEF. Cumulative event-free survival
curves were calculated by the Kaplan—Meier method and
compared by a log-rank test (Fig. 3). The cardiac event-
free rate was significantly lower in the high WR group than
in the low WR group (54.0 vs. 75.9%, log-rank test
p = 0.0033).

In the present study, if the patients with HFPEF were
divided into 2 groups by the cut-off level of plasma BNP
(165.3 pg/mL, from ROC curve), the cardiac event-free
rate would be also significantly lower in the high plasma
BNP group than in the low plasma BNP group (Kaplan—
Meier analysis; log-rank test p = 0.0188) (data not shown).

The univariate Cox proportional hazards analysis to
predict cardiac events for '*I-MIBG WR and other vari-
ables is shown in Table 3. An increase of 1 SD (15.8%) in
the '2I-MIBG WR value was a significant variable [hazard
ratio 1.881, 95% confidence interval (CI) 1.41-2.51,
p < 0.0001]. Furthermore, for the NYHA functional class,
an increase of 1 SD in the uric acid concentration,
log;oBNP, echocardiographic left atrial dimension (LAD),
left ventricle end-diastolic dimension (LVEDD), and left
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Table 1 Clinical characteristics

of control subjects and 117 Control HFPEF p value
patients with heart failure n=125 n=117
Age (years) 57+ 15 66 + 14 0.0055
Gender (male/female) 12113 64/53 NS
NYHA functional class (I/II/III) - 2747317 -
Hypertension 7 (28%) 71 (61%) 0.0029
Hyperlipidemia 7 (28%) 32 (27%) NS
Diabetes mellitus 4 (16%) 25 21%) NS
Current smoker 4 (16%) 27 (23%) NS
Etiology
Dilated cardiomyopathy - 11 (9%) -
Hypertensive heart disease - 44 (38%) -
Hypertrophic cardiomyopathy - 15 (13%) -
Arrhythmogenic - 21 (18%) -
Others - 26 (22%) -
Blood examination
Sodium (mEqg/L) 142 £ 20 141 £ 27 NS
Uric acid (mg/dL} 46+ 1.1 62+ 1.9 0.0001
HFPEF heart failure with Estimated GFR (mL/min/1.73 m) 82.6 £ 24.6 640 + 22.8 0.0004
preserved ejection fraction, BNP (pg/mL) 22.0 (6.5-60.8) 165 (61.8-344) <0.0001
NYHA New York Heart Echocardiography
Association, GFR glomerular IVSD (mm) 110 £ 3.6 123 4 36 NS
gfgg;‘;;a:epﬁg }"',g'g LVPWD (mm) 104 + 2.0 119 + 27 0.0207
intraventricular septal LVEDD (mm) 47+ 59 48 + 89 NS
dime:}sion, LVPWD le-ft ) LVEF (%) 69 £ 10 65 £9.8 NS
E;‘gl‘)‘i‘)“fe’ ﬁpgztlf;'i‘zful“:r“f:;_“’“' LAD (mm) 35+ 6.2 44 +£97 0.0003
diastolic dimension, LVEF left E/A ratio 110 £0.5 1.00 + 0.5 NS
ventricular ejection fraction, E-wave DCT (ms) 206 + 55 217 £ 81 NS
LAD left atrial dimension, E/E' ratio 53+ 14 104 + 4.0 0.0200
per deedemion e 21 magin
metaiodobenzylguanidine, Early H/M ratio 219+ 03 1.93 £ 0.3 0.0006
HIM heart to mediastinum, Delayed H/M ratio 236 £ 0.3 1.84 + 04 <0.0001
WR washout rate, WR (%) 11.8+ 7.1 29.1 + 158 <0.0001

NS no significance

ventricular posterior dimension (LVPWD) were signifi-
cantly related to cardiac events. However, LVEF was not
related to cardiac events in the univariate Cox proportional
hazard analysis (Table 3).

Those variables with p values of <0.05 were entered
into the multivariate Cox proportional hazard regression
analysis. The "I-MIBG WR was an independent predictor
of cardiac events among those variables (Table 4).

Discussion

In the present study, by using 'ZI-MIBG scintigraphy, we
found several new factors that could predict prognosis in
HFPEF patients. The '2*I-MIBG WR and delayed H/M ratio
could classify patients with HFPEF by the NYHA functional
class. (1) The '2I-MIBG WR was significantly higher and

@ Springer

the delayed H/M ratio was lower in patients with HFPEF in
increased with advancing NYHA functional class. (2) In
patients with HFPEF, the cardiac event-free rate was sig-
nificantly lower in the high '2I-MIBG WR group than in the
low '*I-MIBG WR group by Kaplan—Meier analysis. (3) In
patients with HFPEF, although multivariate analysis showed
that log;,BNP and LVEF were not independent predictors,
123 MIBG WR was an independent predictor for subsequent
cardiac events. Furthermore, '**I-MIBG WR was not cor-
related with LVEF (data not shown) and showed an extre-
mely weak correlation with the plasma BNP level.

A number of studies have established that '*’I-MIBG
imaging provides diagnostic and prognostic information in
HF patients with reduced LV systolic function [6-8].
However, the clinical usefulness of 1231 MIBG scintigra-
phy to evaluate a severity of the patient with HFPEF has
not been established yet. In the present study, we found that
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Fig. 1 Delayed H/M ratio of a Delayed H/M ratio b WR (%)
“I-MIBG (a) and washout rate
(b) in the study population
p<0.0001 p<0.0001
301 _p<oopy _P<O000T 0 p<0.0ppy  —P<0-0001

control

delayed H/M ratio was decreased and '*’I-MIBG WR was
increased as NYHA functional class was increased. These
findings implicated an important relationship between
cardiac sympathetic activation and the pathogenesis of
HFPEF. Grassi et al. [19] have reported that the marked
sympathetic activation in patients with hypertension
depended on an impairment of the arterial baroreflex. It
was reported that the serum NE level was similar in
patients with diastolic HF and systolic HF and was mark-
edly increased as compared to normal subjects [20].
Moreover, there are several studies using animal models,
which implied the importance of NE in the development of
diastolic dysfunction [21-23].

It is suggested that the renin-angiotensin system (RAS)
is associated with cardiac sympathetic activation. In
humans, inhibition of RAS controls hypertension and
regresses LV hypertrophy. In animal models of LV
hypertrophy, RAS activity is upregulated and the increased
activity of angiotensin-converting enzyme in the myocar-
dium impairs its diastolic function [20, 24]. It was reported
that activation of RAS was associated with NE release
from cardiac sympathetic nerve endings in HF [25].
Therefore, there is a possibility that the '*[-MIBG findings
assessed cardiac stress induced by RAS.

In the present study, we showed the impact of Z3I-
MIBG findings on detecting abnormalities of the myocar-
dial adrenergic nervous system in patients with HFPEF as
well as in those with reduced LV systolic function. From
the results of the present study, we expect that the 'I-
MIBG findings may be an indication for the treatment of
HFPEF. Several studies have reported on the relationships
between the cardiac nervous system and HFPEF [26-28].
One of these studies, however, was conducted in a smaller
population, one of them was a report of patients with HCM,
and one of them was a report on the improvement in '%’I-
MIBG findings at 6 months after candesartan treatment.
There are no reports in which investigators followed future

NYHAT, I

NYHAII control NYHATT

NYHA T, T

cardiac events by '*I-MIBG scintigraphy in more than 100
patients with HFPEF.

It is of special clinical significance that '*I-MIBG WR
was an independent predictor for future cardiac events in
the absence of a correlation with LVEF in patients with
HFPEF in the present study. It has been recognized that
LVEF is one of the acceptable indicators of the prognosis
in HF patients with reduced LV systolic function. How-
ever, because LVEF is preserved in patients with HFPEF, it
is possible that LVEF could not be a useful predictor for
future cardiac events in HFPEF patients.

Grewal et al. [29] reported that plasma levels of
N-terminal pro-brain natriuretic peptide (NT-proBNP) and
BNP were strong independent predictors of cardiac events in
patients with HFPEF. In the present study, the cardiac event-
free rate was also significantly lower in the high plasma BNP
group than in the low plasma BNP group (Kaplan—Meier
analysis, data not shown). However, in the multivariate Cox
proportional hazards analysis, log,(BNP was not an inde-
pendent predictor for future cardiac events (Table 4). One
possible explanation is that the impaired relaxation and/or
compliance per se is not sufficient to trigger cardiac BNP
secretion and BNP might be a suboptimal marker of diastolic
dysfunction [30]. As for the extremely weak relationship
between plasma BNP level and '**I-MIBG WR, the plasma
BNP level is known to be secondarily increased because of
the LV overload as is the case in congestive HF [31]. At the
same time, the '*’I-MIBG scintigraphic findings directly
reflect cardiac sympathetic nerve activity and ongoing
myocardial damage (1, 2, 6, 7]. In the above-mentioned
conditions, it appeared that '**I-MIBG WR—but not plasma
levels of BNP—was an independent predictor for future
cardiac events in the multivariate analysis.

On the basis of these findings, we propose that the
reduction of rising cardiac sympathetic nerve activity by
using f-blockers is a beneficial therapy in patients
with HFPEF. Further randomized trials with or without
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Table 2 Comparisons of
clinical characteristics between
patients with low and high
values of 'PI-MIBG washout
rate

ACE angiotensin-converting
enzyme, ARB angiotensin II
receptor blocker

Other abbreviations see in
Table 1

Low WR High WR p value
(<26.5%) group (=26.5%) group
n =54 n =263
Age (years) 61 + 14 70 + 13 0.0004
Gender (male/female) 30/24 34729 NS
NYHA functional class (I/11/111) 23/30/1 4/43/16 0.0003
Hypertension 30 (56%) 41 (65%) NS
Hyperlipidemia 14 (26%) 18 (29%) NS
Diabetes mellitus 5 (9%) 20 (32%) 0.0031
Current smoker 12 (22%) 15 (24%) NS
Etiology
Dilated cardiomyopathy 5 (11%) 6 (8%) NS
Hypertensive heart disease 16 (30%) 28 (44%) NS
Hypertrophic cardiomyopathy 10 (19%) 5 (8%) NS
Arrhythmogeﬁic 12 (22%) 9(14%) NS
Others 10 (19%) 16 (25%) NS
Blood examination
Sodium (mEq/L) 141+ 24 141 £3.0 NS
Uric acid (mg/dL) 6.1 + 1.7 64+ 2.1 NS
Estimated GFR (mL/min/1.73 m?) 69.4 + 249 59.5 + 20.0 0.0182
BNP (pg/mL) 92.0 (41.7-183) 229 (118-440) 0.0003
Echocardiography
IVSD (mm) 11.7 £33 128 £ 39 NS
LVPWD (mm) 11.3+24 125 + 29 0.0229
LVEDD (mm) 43 + 89 49 + 9.0 NS
LVEF (%) 65 + 9.3 66 + 10 NS
LAD (mm) 43 + 8.1 44 + 11 NS
E/A ratio 117 £ 0.7 0.88 + 04 0.0178
E-wave DCT (ms) 215+ 73 219 + 89 NS
E/FE’ ratio 10.6 £ 3.0 103 + 44 NS
123]_.MIBG imaging
Early H/M ratio 201 +03 1.87 £ 04 0.0222
Delayed H/M ratio 204 £0.3 1.67 £ 0.3 <0.0001
WR (%) 163 £ 8.3 40.1 £ 11.8 <0.0001
Medications
ACE inhibitors and/or ARBs 28 (52%) 47 (75%) 0.0105
B-Blockers 24 (44%) 32 (51%) NS
Ca-channel blockers 15 (28%) 22 (35%) NS
Loop diuretics 23 (43%) 35 (56%) NS
Spironolactone 5 (9%) 16 (25%) 0.0234
Statins 8 (15%) 15 (24%) NS
Digoxin 9 (17%) 13 21%) NS

p-blockers and with a follow-up that evaluates future car-
diac events in HFPEF patients are required.

Study limitations

Several potential limitations should be considered with
respect to our findings. We defined that study subjects were

@ Springer

HF patients with an LVEF of >50%. Therefore, a number
of them could have been diastolic HF patients, but we did
not get sufficient diastolic parameters by echocardiogra-
phy, for instance, the early diastolic transmitral velocity-
to-early diastolic tissue velocity ratio (E/E' ratio) was
measured in only 28 HFPEF patients in the present study.
We measured the early-to-late diastolic transmitral velocity
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Fig. 2 Relationships between the washout rate of '2*I-MIBG and the
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Fig. 3 Washout rate of '2’I-MIBG and all cardiac events of patients
with heart failure with preserved ejection fraction. Survival curves
were created by the Kaplan-Meier method and analyzed by the log-
rank test

ratio (E/A ratio) and the E-wave deceleration time by
echocardiography, which might require some variation in
the treatments for congestive HF and therefore could not be
powerful indicators of diastolic HF [9, 32].

In the present study, there were some variations in
the etiologies of HFPEF as compared to other studies.
Tsuchihashi-Makaya et al. [12] recently showed the etiol-
ogies of 429 Japanese patients with HFPEF in their report.
They reported that the prevalence of HFPEF was 26% and
the etiologies of HFPEF were identified as idiopathic DCM
in 5%, ischemic HF in 25%, hypertensive HF in 44%,
HCM in 10%, and others in 36%. In the present study, the
number of patients with DCM was slightly larger and that
of hypertensive HF was slightly smaller than in their study.
One possible explanation is that our study was conducted
at a single university hospital and the number of patients
with pure HHD was small. It was, however, important
and interesting that we assessed future cardiac events in
patients with HFPEF for approximately 3 years.

Table 3 Results of the univariate Cox proportional hazard analysis

Variables HR 95% CI p value
of HR
Age (per 1 year increase) 1.022 0.997-1.048 NS
Gender 1.245 0.679-2.283 NS
NYHA functional class I, IT 3414 1.724-6.760 0.0004
versus 111

Diabetes mellitus 0.771 0.387-1.535 NS
Hypertensive heart disease 1.255 0.652-2.416 NS
Arrhythmogenic 2474 09676329 NS
Sodium* 0.860 0.615-1.203 NS
Uric acid® 1.440 1.040-1.991 0.0278
Estimated GFR?* 0.778 0.575-1.100 NS
Log,,BNP* 1.593 1.155-2.200 0.0045
LAD? 1.825 1.383-2.412 <0.0001
LVEDD* 1.365 1.018-1.826 0.0398
LVEF 1.030 0.757-1.414 NS
1VsD? 1.130 0.857-1.485 NS
LVPWD? 1.328 1.014-1.734 0.0391
E/E ratio® 1.927 0.941-3.930 NS
WR* 1.881 1.410-2.511 <0.0001

HR hazard ratio, CI confidence interval. Other abbreviations see in
Table 1

* Per 1 SD increase

Table 4 Results of the multivariate Cox proportional hazards
analysis

Variables HR 95% CI of HR p value
NYHA functional 1692 0.552-5.184 NS
class 1, I1 versus 1II
Uric acid® 1.191 0.822-1.629 NS
Log;oBNP* 1.010 0.638-1.599 NS
LVPWD? 1.409 0.995-2.001 NS
LAD? 1.287 0.953-1.760 NS
LVEDD* 1415 0.982-2.017 NS
WR* 1.581 1.016-2.474 0.0435

Qther abbreviations see in Tables 1 and 3
2 Per 1 SD increase

Conclusions

The 'PI-MIBG WR was increased and the delayed H/M ratio
was decreased in patients with HFPEF. '**I-MIBG WR
was independently associated with an increased risk for
cardiac events. These findings indicate that the value of
1231 MIBG WR is a novel promising marker to provide
useful prognostic information for clinical outcomes in
patients with HFPEF.
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Trends in Coronary Risk Factors Among Patients with Acute
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Aim: Recently, there has been an increase in the prevalence of coronary risk factors, such as diabetes
and dyslipidemia, in Japan; however, it is unclear whether this has resulted in an increased incidence
of acute myocardial infarction (AMI). We investigated the relationship between risk factors changes
and AMI incidence in a Japanese population.

Methods: Trends in AMI incidence (per 100,000 person-years) were examined using data from the
Yamagata AMI Registry from 1993 to 2007. We included 6,222 patients with a first-ever AMI (4175
men). The prevalence of coronary risk factors was investigated in three age groups of AMI patients
(<65, 65-74, and 275 years) for the periods 1993-1997, 1998-2002, and 2003-2007. Coronary risk
factors were further compared between recently registered AMI patients and 2,400 age-matched controls.
Results: The age-adjusted incidence of AMI increased significantly in men, but not in women.
Younger men particularly showed a significant increase in the incidence of AMI. The prevalence of
hypertension and diabetes increased in both genders; however, the prevalence of treatment for risk
factors was significantly lower in men than women. Younger men showed significant increases in
obesity and hypertriglyceridemia. Consequently, risk factors associated with the metabolic syndrome
had accumulated among younger men. We revealed that hypertension, diabetes, hypercholesterol-
emia and current smoking were independent risk factors for AMI.

Conclusions: The incidence rate for AMI increased significantly in men, especially younger men.
Preventive care for risk factors associated with metabolic syndrome, in addition to conventional risk
factors, may be required in younger men.
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Introduction

Coronary heart disease (CHD) is a major cause
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of death in developed countries”. Mortality due to
acute myocardial infarction (AMI) is much lower in
Japan than in Western countries™ ¥, and has decreased
further with advances in treatment® ®. However,
recently, the prevalence of AMI has increased in Japan,
and AMI is therefore becoming one of the most
important causes of death®. The Hisayama study, a
community-based cohort study, previously revealed
that the age-adjusted incidence of AMI had not
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changed”; however, a recent AMI registry study from
1990 to 2001 reported that the age-adjusted incidence
of AMI had increased by 7-8% annually®.

Previous studies indicated differences in coronary
risk factors between Western and Asian countries™’".
A recent Japanese case-control study showed that
hypercholesterolemia was an indcpendent coronary
risk factor in men, but not in women, and that obesity
was not associated with AMI'?; however, there have
been marked increases in the prevalence of obesity,
diabetes mellitus and hypercholesterolemia” ', due to
the westernization of dietary habits in Japan'*'”. Fur-
thermore, metabolic syndrome has gained attention as
a novel cardiovascular risk factor'®?%, and its preva-
lence is also reported to have increased in Japan®. At
present, there is little information on the relationship
between recent changes in coronary risk factors and
the incidence of AMI in Japan. In the present study,
we investigated the trends in coronary risk factors
among patients with a first-ever AMI who were regis-
tered between 1993 and 2007. The prevalence of risk
factors was further compared between recently regis-
tered AMI patients and an age-matched general popu-
lation.

Methods
Study Population

Yamagata Prefecture is located in the northern
part of the main island of Japan. In the 2005 census,
the population was 1,216,000 and the proportion of
people 265 years old was higher than the average for
Japan (25.5% vs. 20.1%). Since 1993, a multicenter
project on the surveillance of AMI has been con-
ducted as the Yamagata AMI Registry> > *”. The clin-
ical characteristics of AMI patients admitted to all
hospitals belonging to the Yamagata Medical Associa-
tion between 1993 and 2007 were investigated. A
diagnosis of AMI required that the “definite criteria of
AMI”, as described in the World Health Organization
MONICA Project”, be sarisfied. Of the 6,957 con-
secutive patients who were registered in Yamagata Pre-
fecture from 1993 to 2007, 6,222 patients with a first-
ever AMI were included in the present study. The
observation period of 15 years was sub-divided into
three intervals, 1993-1997 (»=1,827), 1998-2002,
(2=1,999) and 2003-2007 (»=2,396). In addition,
the enrolled patients were categorized into three groups
by age at onset of AMI (younger, <65 years old; early
elderly, 65-74 years old; late elderly, 275 years old).

Data Collection
Standard data were collected prospectively and

entered into a computer database. These data included
details of clinical presentation (age, gender, date and
time of onset of AMI, time of admission to hospital),
personal and family medical history, as well as coro-
nary risk factors. Body mass index (BMI) was calcu-
lated as weight (kg) divided by the square of height
(m?). Obesity was defined as BMI 225 kg/m? for both
genders. Hypertension was defined as systolic blood
pressure 2 140 mmHg and/or current use of antihy-
pertensive drugs. Hypercholesterolemia was defined as
a serum total cholesterol concentration 2220 mg/dL
and/or current use of lipid-lowering drugs. Diabetes
mellicus was defined as a fasting blood glucose con-
centration 2126 mg/dL, a non-fasting blood glucose
concentration 2200 mg/dL, and/or the use of antidia-
betic drugs (any oral hypoglycemic agent or insulin).
A family history of CHD and current cigarette smok-
ing status were verified by a self-reported question-
naire and by interviewing the family.

Fasting blood samples were obtained during hos-
pitalization. Low-density lipoprotein (LDL) choles-
terol concentrations were calculated using the Fried-
wald formula when the triglyceride concentration was
400 mg/dL or less. Hypertriglyceridemia was defined
as a triglyceride concentration 2150 mg/dL and low
high-density lipoprotein (HDL) cholesterol was defined
as a HDL cholesterol concentration <40 mg/dL if
male or <50 mg/dL if female. Metabolic syndrome
was defined according to the modified National Cho-
lesterol Education Program (NCEP) Adult Trearment
Panel M (ATP M) guidelines and criteria®. Patients
were deemed to have metabolic syndrome if three or
more of the following five criteria were satisfied: obe-
sity, hypertriglyceridemia, low HDL cholesterolemia,
high blood pressure, and high fasting glucose, as pre-
viously reported®. In this study, BMI was used to
define obesity because waist circumference measure-
ments were not available.

Statistical Analysis

To calculate the incidence rates for AMI per
100,000 person-years during the three time intervals,
the annual population of Yamagata Prefecture was
used as the denominator. To adjust for patient age, the
Japanese population, as determined by the 2005 cen-
sus, was used as the standard population. In addition,
a case-control study was performed, comparing coro-
nary risk factors during 2003-2007 between AMI
patients and 2,400 age-matched control subjects who
were enrolled in the Takahata study in 2005. The
Takahata study has been described in detail else-
where™ . To adjust for the age of subjects, we used
standardized incidence ratios.
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Table 1. Clinical characteristics of the study population
Men Women
value - pvalue
I1(93-97)  2nd (98-02)  3Wd(03'-07)  forpend Ist93-97) 20d 98-02)  3d(03-07)  forcrend
n=1,202 n=1,322 n=1,651 n=625 n=677 n=745
Age (ycars) 658%125 665122 671%128%  0.0253 739102 748111  768%10.8™" <0.0001
Number of AMI (fyear) A04%85 26442338 3302+281%"" 00004 1250104 13542186  149.0%169 0.0902
‘;‘g”di“““‘ incidence cates £27£10 425550 504£38% 00099 20723 19520 189%18 04352
or AMT (/10° person-years)
Incidence rates for AMI
(110° person-years)
<64 years old 193212 211%44 85226 00011 39208 41209 3.9%0.3 0.8842
65-74 years old 1252478 1275%90 132.2¢15.7 06238  475%118 416245 39.8£45 0.2965
>75 years old 1728188 157.6£27.3 189.8+28.9 01755 10504126  989%128  984%[3.0 0.6736
Coronary risk factors and 3 )
mm:z Obﬁi(‘y‘, BMI 25 (%) 2.1 27.8 31.6*! 0.0124 74 %6 29.2 0.2760
Hypertension (%) 51.0 54.2 583! 0.0008 60.7 62.6 69.2**! 0.0037
Receiving medication (%) 85.3 84.5 85.9 0.7285 91.8 94.2 93.8 0.3933
Diabetes mellitus (%) 206 246" 303" <0.0001 24.0 324 33.0™ 0.0009
Receiving medicacion (%) 54.1 58.0 65.1% 0.0159 73.0 78.9 784 0.4087
Hypercholesterolemia (%) 322 9.1 346" 0.0085 35.2 35.0 39.1 0.2299
Receiving medication (%) 45.6 38.2 468" 0.0582 51.9 50.0 59.3 0.1555
Family history (%) 54 26 155" <0.0001 18.1 205 108" 00007
Current smoker (%) 60.2 56.8 554 0.0517 10.3 10.0 8.9 0.6963

*p<0.05, **»<0.01 compared with the Ist period; tp< 0.05, ”p< 0.01 compared with the 2nd period.

AMI, acute myocardial infarction; BMI, body mass index.

Incidence rates were age-adjusted to the Japanese population using data from the 2005 census.

Categorical variables were analyzed using the chi-
square test. Continuous variables are presented as the
means + SD. Differences among groups were analyzed
by analysis of variance (ANOVA) with the Scheffe
post hoc test. Multivariate logistic regression analysis
was used to evaluate the relationship between coro-
nary risk factors and the development of AMI. A value
of p<0.05 was considered significant.

Results

The clinical characteristics of the 6,222 patients
enrolled in the study are summarized in Table 1. The
female patients were, on average, about 10 years older
than the male patients, and the age at onset of AMI
was also significantly higher in female patients. There
were increases in the numbers of male patients and in
the age-adjusted incidence rate of AMI among male
patients. Although the incidence rate of AMI increased
with advancing age, it was not increased in elderly
patients during the three time periods; in contrast,
there was a significant increase among younger male
patients.

As shown in the lower panel of Table 1, signifi-
cant increases in the prevalence of hypertension and
diabetes mellitus were observed in both genders. In
contrast, there were significant increases in the preva-
lence of obesity and hypercholesterolemia among
males, but not among females. A decrease in the pro-
portion of AMI patients with a family history was
observed in both genders during the third period
(2003-2007) (Table 1). While the prevalence of treat-
ment for hypertension was relatively high in both gen-
ders, the prevalence of the control of diabetes and
hypercholesterolemia was still insufficient (Table 1).
In males, the prevalence of treatment for each risk fac-
tor was approximately 10% lower than in females.
Despite decreases in the proportion of current smok-
ers among male patients, the proportion of male
smokers was about six times greater than the propor-
tion of female smokers (Table 1).

To evaluate the prevalence of coronary risk fac-
tors among AMI patients, the prevalence of each risk
factor was compared between AMI patients during the
third period (2003-2007) and the Japanese general
population. AMI patients had a higher prevalence of
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Table 2. Comparison of clinical risk factors between patients with AMI in the third period (2003-2007) and age-adjusted control

subjects

Men Women

3rd (03'-07")  Takahata . 3rd (03'-07")  Takahata .
n=1651 n=1054 odds raio  95% Ci p value n=745 1346 oddsraic  95% CI p value
Obesity, BMI 225 (%) 316 28.7 1.15 0.96-1.37 0.1235 29.2 309 0.92 0.73-1.15 0.4735
Hypertension (%) 58.3 47.2 1.56 1.33-1.83  <0.0001 69.2 46.0 2.63 217-3.19  <0.0001
Diabezes metlitus (%) 303 9.1 434 3.42-549  <0.0001 33.0 60 7.65 5.81-10.06 <0.0001
Hypercholesterolemia (%) 346 221 187  156-2.23  <0.0001 39.1 332 1.29 1.06-1.57 00091
Current smoking (%) 55.4 31.3 273 2.31-322  <0.0001 8.9 1.6 6.26 3.76-1042 <0.000t

Multivariate analysis

Hypertension (%) 1.32 1.10-1.60 0.0035 213 1.64-2.77  <0.0001
Diabetes mellicus (%) 4.02 3.06-5.29  <0.000% 677 4,67-9.80  <0.0001
Hypercholesicrolemia (%) 1.64 1.33-2.02  <0.0001 0.95 0.73-1.24 0.7148
Current smoking (%) 3.25 2.66-3.96  <0.0001 7.57 433-13.24 <0.0001

Age-adjusted control subjects were enrolled in the Takahata study in 2005.

Multivariate logistic regression analysis adjusted for patient age.

hypertension, diabetes, hypercholesterolemia and cur-
rent smoking than age-adjusted control subjects
enrolled in the Takahata study (Table 2). The odds
ratios for diabetes and current smoking were especially
high among women. Although obesity (BMI 225)
increased among male patients during the third
period, obesity was not a significant risk factor either
in males or females. In multivariate logistic regression
analysis adjusted for patient age, hypertension, diabe-
tes, and current smoking were independent risk fac-
tors for AMI in both genders. Hypercholesterolemia
was an independent risk factor for AMI among men,
but not among women.

Surprisingly, more than 70% of younger male
patients were current smokers, and the proportion of
smokers was unchanged, except among early elderly
men (Fig. 1). Younger female patients were also more
likely to be smokers than elderly female patients.
Younger male patients showed increases in the preva-
lence of hypertension and diabetes, increases in BMI
and a decrease in the proportion with a family history
of MI. Younger male patients showed a greater increase
in triglyceride levels, while HDL and LDL cholesterol
levels were unchanged. An increase in the prevalence
of diabetes was observed for most patients, except
younger female patients.

As shown in Fig. 1, younger men showed signifi-
cant increases in the prevalence of hypertension and
diabetes, as well as in BMI and triglyceride levels dur-
ing the third period (2003-2007). Consequently, the
number of risk factors associated with metabolic syn-
drome increased among younger and carly elderly
men (Table 3). In contrast, there was no significant

change in the number of risk factors among women.
The prevalence of risk factors associated with
metabolic syndrome was compared within each age
group, between AMI patients during the third period
(2003-2007) and the Japanese general population.
Early elderly male patients had a higher prevalence of
hypertension, diabetes, and low HDL cholesterolemia
than control subjects (Table 4); however, younger male
patients had a higher prevalence of all coronary risk
factors associated with metabolic syndrome than con-
trol subjects. Multivariate regression analysis revealed
that hypertension, diabetes and low HDL cholesterol-
emia were independent risk factors for AMI among
younger and carly elderly men. Further, BMI was an
independent risk factor for AMI among younger men,
but not among early elderly men. In contrast, BMI
was not an independent risk factor for AMI among
younger and carly elderly women (Table 5). Younger
male patients showed a significant increase in serum
triglyceride levels and the prevalence of obesity during
the third period. In addition, male patients with AMI
aged <40 years showed significant increases in BMI
(Fig.2) and the prevalence of obesity (1st, 37%; 2nd,
62%; 3rd, 68%, respectively, p<0.05). Consequently,
there was an accumulation of risk factors associated
with metabolic syndrome among younger men. Fur-
thermore, there were differences between younger and
early elderly male patients in the proportion receiving
medical treatment. Fig. 3 demonstrates that the preva-
lence of treatment for hypertension and diabetes was
significantly lower among younger men and, in con-
trast to the changes observed for elderly patients, this
did not improve ar all during the three time periods.

—208—



Coronary Risk Factors Among AMI Patients

993

Hypertension

o

male female male fmale male female
-64 65-74 75-

Family history

a a male temale
-64 65-74 75-

HDL cholesterol

mg/dl
60

-64 65-74 75-

1st. [2nd M 3rd

Diabetes mellitus

male female male female nale female
-64 65-74 75-

Smoking

i e L L E]
male female male female male female
-64 65-74 75-

Triglyceride
mg/dl
160

-64 65-74 75-

LDL cholesterol

mg/dl
160

140
120 o I =

100 i | -
so i [ =

60 male female male female male female

64 65-74 75-

Fig. 1. Trends in coronary risk factors and lipid profiles among AMI patients.

Bars indicate the prevalence of coronary risk factors and the lipid profiles during hospitalization in the three
age groups (<65, 65-74, 275 years old), for both genders, during the three time periods. Continuous vari-
ables are presented as the meanSE. *»<0.05, *»<0.01 compared with 1st period; 'p<0.05, '1p<0.01

compared with 2nd period.
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Table 3. Trends in the number of risk factors associated with metabolic syndrome

15t (93’-97’) 2nd (98°-02) 3rd (03’-07°) p value for trend
Men 1.60%1.18 1.741.19 1.87+1.19™ <0.0001
< 64 years old 1.71+£1.23 1.97£1.24* 2.02%1.26™ 0.0017
65-74 years old 1.54%1.17 1.57=1.14 1.94%1.13%" <0.0001
>75 years old 1.42%1.05 1.58%1.09 1.56+1.08 0.4022
Women 2.04%1.10 2.081.14 2.12%1.20 0.6639
< 64 years old 2.02%1.07 1.93%1.09 1.98%1.29 0.9013
65-74 years old 2.13%1.09 2.07%1.20 2.15%1.27 0.8721
>75 years old 1.96%1.13 2.14%1.13 2.14%1.15 0.3688

*p<0.05, **»<0.01 compared with 1st period; ’p< 0.05 compared with 2nd period.

Table 4. Comparison of risk factors associated with metabolic syndrome between younger and early elderly male patients with AMI

during the third period (2003-2007) and control subjects

Yo
ounger men

Early elderly men

3rd (03'-07")  Takahata 3rd (03'-07")  Takahara
(n=653) (n=491)  oddsraio  95% CI  pvalue (n=461) (n=394) oddsratio  95% CI  pvalue
54179y 54964y 69.6£28y 69428y
Univariate analysis
BMI (kg/ml)z 249%35 23.6%3.0 1.50 1.29-1.68 <0.0001 236%29 235+29 1.06 0.92-122  0.4606
Hypertension (%) 50.4 40.6 1.49 1.15-1.92 0.0022 634 55.4 1.40 1.04-1.87 0.0244
Diabetes mellitus (%) 311 7.5 5.54 3.81-8.06  <0.0001 352 10.7 4.55 3.12-6.63 <0.0001
Hypertriglyceridemia (%) 348 27.1 1.44 1.10-1.87  0.0070 164 16.5 099  0.68-145 09572
Low HDL cholesterolemia (%) 364 114 444 3.20-6.16 <0.0001 384 104 537 3.65-7.90 <0.0001
Metabalic syndrome (%) 35.2 11.8 405  2.90-5.65 <0.0001 315 9.9 418 2.78-6.30  <0.0001
Mulcivariate analysis
BMI (kg/m?)* 123 104-145 00140
Hypertension (%) 136 1.00-1.84  0.0474 141 1.01-196  0.0432
Diabetes mellitus (%) 5.27 3.37-8.24 <0.0001 4.13 2.68-6.36  <0.0001
Hypertriglyceridemia (%) 079  056-1.10  0.1646
Low HDL cholesterolemia (%) 4.11 2.80-6.04 <0.0001 5.44 3.58-8.28 <0.0001

BMI, body mass index; HDL, high density lipoprotein
“Data represent odds ratio corresponding to 1SD increase in BMI level

Discussion

The present study showed that the age-adjusted
incidence of AMI increased in male patients. Younger
men in particular showed a significant increase in the
incidence of AMI during 2003-2007. In contrast,
there was no increase in the incidence of AMI among
females during the observation periods. There was a
significant increase in the prevalence of metabolic syn-
drome among younger male patients compared with
other age groups, as well as a greater increase in the
number of risk factors associated with metabolic syn-
drome. These results suggested that an increase in the
prevalence of risk factors associated with metabolic
syndrome may be related to the increased incidence

rate for AMI among younger men.

Increased Incidence of AMI Among Male Patients
An increased number of AMI was observed
among male patients (Table 1). In contrast, the num-
ber of AMI did not increase and the age at onset
increased significantly among women. There was no
significant change in the age-adjusted incidence rate
of AMI among women in the present study, which is
consistent with the findings of the Hisayama study”.
Another AMI registry study reported that the age-
adjusted incidence rate increased by 7.6% among men
and by 8.3% among women, between 1990 and
2001%. In contrast, the present study demonstrated
that the age-adjusted incidence rate for AMI increased
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Table 5. Comparison of risk factors associated with metabolic syndrome between younger and early elderly female patients with
AMI during the chird period (2003-2007) and control subjects

Younger women Early elderly women

3rd (03'-07")  Takahata 3rd (03-07’)  Takahata
(n=87) (n=692)  oddsratio  95%CI  pvalue (n=168) (n=479)  oddsraio  95% CI p value
541%7.9y  54.9%6.4y 69.6£28y  69.4%28y
Univariace analysis
BMI (kg/m:): 244%4) 23.4%35 1.07 1.01-1.15 0.0307 240%3.8 24.1%33 0.99 0.38-1.05 0.8321
Hypertension (%) 54.1 29.7 2.80 1.76-4.44  <0.0001 67.9 50.1 2.11 1.43-3.09 0.0001
Diabetes mellitus (%) 306 4.3 972 540-17.52 <0.0001 38.2 6.1 958  5.87-15.64 <0.0001
Hypertriglyceridemia (%) 153 123 129 065255 04667 19.1 159 125 076-2.06  0.3807
Low HDL cholesterolemia (%) 50.7 18.1 4.67 2.80-7.78 <0.0001 49.2 223 3.37 2.24-5.07 <0.0001
Merabolic syndrome (%) 39.7 6.9 8.83 4,92-15.83 <0.0001 434 14.6 4.47 2.85-7.02  <0.0001
Multivariate analysis
BMI (kg/m?)* 100 092-1.09 09786
Hypertension (%) 214 117-3.90  0.0131 182 1.14-290  0.0118
Diabetes mellitus (%) 692 3.14-15.28 <0.0001 7.19 4.11-12.55 <0.0001
Low HDL cholesterolemia (%) 235 1.23-4.49 0.0099 2.91 1.85-4.60 <0.0001

BMI, body mass index; HDL, high density lipoprotein
“Data represent odds ratio corresponding to 1SD increase in BMI level

BMI 1t [d2nd [l 5

kg/m?

3rd

st 2nd

Fig.2. Trends in BMI among male patients with AMI aged
<40 years.

Bars indicate BMI during hospitalization among male AMI

pacients aged <40 years, during the three time periods. Continu-

ous variables are presented as the mean SE. *»p<0.05 compared

with Ist period.

only among men and was much higher than in
women. Younger men in particular showed a signifi-
cant increase in the incidence rate of AMI, which was
seven times greater than in women during 2003-2007
(Table 1). These findings are not likely to be explained
only by the influence of aging of the general popula-
tion. We hypothesized that changes in the prevalence
of risk factors, due to the westernization of dietary
habits and changes in lifestyle, may have influenced

the recent incidence rates of AMI.

Changes in the Prevalence of Coronary Risk Factors
in AMI Patients

There were differences in the trends in coronary
risk factors between men and women. Both showed a
similar magnitude of increase in the prevalence of
hypertension and diabetes; however, only younger
men showed a significant increase in the prevalence of
obesity and in serum triglyceride levels during 2003~
2007 (Fig. 1). Consequently, the proportion of patients
with metabolic syndrome increased among younger
and early elderly men (Table 3). Several studies have
demonstrated that metabolic syndrome is a significant
risk factor for the development of AMI"®2), but it had
a weak or no association with CHD in the elderly??,
which is consistent with the findings of the present
study.

In the present study, AMI patients of both gen-
ders showed a higher prevalence of hypertension, dia-
betes and hypercholesterolemia, and a higher inci-
dence of current smoking than age-adjusted control
subjects, which was consistent with the findings of the
Framingham study??. Recently, a large Japanese case-
control study demonstrated that hypertension, diabe-
tes, current smoking, family history, and hypercholes-
terolemia were all independent risk factors for AMI'?;
however, only current smoking, diabetes and, hyper-
tension were identified as independent risk factors in
women in their study. Therefore, it was suggested that
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Fig.3. Comparison of the proportions of male patients receiving medical treacment.

Bars indicate the proportions of male patients in the threc age groups (<65, 65-74, 275 years old), recciving medical treatment
for hypertension and diabetes during the three time periods. *p<0.05, ™p<0.01 compared with late elderly patients; 1p<0.05,

115 <0.01 compared with carly elderly patients.

hypercholesterolemia was an independent coronary
risk factor in men, but not women, which is consis-
tent with the results of the present study.

Previous studies reported that obesity and low
HDL cholesterolemia were independent risk factors
among younger male patients**>?, which is consistent
with our findings. In particular, male patients with
AMI aged <40 years showed significant increases in
BMI and the prevalence of obesity (Fig.2).

Although the incidence of current smoking
decreased during 2003-2007 in male patients (Table 1),
it was significantly higher than in age-adjusted control
subjects (Table 2). Surprisingly, the incidence of cur-
rent smoking in female AMI patients was abour six
times higher than in age-adjusted control subjects,
whereas it was lower than in male AMI patients. Thus,
the prevalence of smoking has decreased in men, but
not in women. Notably, the prevalence of smoking was
signiﬁcantly higher in younger women than in e]derly
patients. These results suggest that current smoking is
an important risk factor for AMI, which is consistent
with the findings from a previous study'>#*9.

During 2003-2007, there was a significant
decrease among both genders in the proportion of
AMI patients with a family history (Table 1). This
does not mean there was a decrease in the number of
AMI patients with a family history, but rather that
there was an increase in the number without a family
history. In addition, the impact of lifestyle-related fac-
tors on the development of AMI may have become
relatively more important in recent years'*'7- %,

Insufficient Treatment of Coronary Risk Factors

Female AMI patients were 8-10 years older than
male patients (Table 1). A previous study also reported
that women develop CHD about 10 years later than
men™. In general, menopause is a risk factor among
females, which contributes to gender differences? 4%,
however, it has been suggested that the difference in
the age at onset is largely explained by the higher
number of risk factors at younger ages in men than
women®”. The age at onset increased significantly in
women in the present study. Since the number of
female patients did not increase, despite an increase in
the aging population, it is suggested that medical
treatment may have partly contributed to suppressing
the incidence of AMI in women. In fact, the propor-
tion of patients receiving medical treatment for each
risk factor was approximately 10% higher in women
than men (Table 1). Although the proportion of
patients receiving treatment for hypertension reached
94% in female patients, the proportions receiving
treatment for diabetes and hypercholesterolemia
remained suboptimal at 78% and 59%, respectively.
In order to reduce the age-adjusted incidence of AMI
in women, improved rates of treatment for diabetes
and hypercholesterolemia, as well as increased rates of
smoking cessation, are required.

In contrast to women, there was an accumula-
tion of coronary risk factors and an increased inci-
dence of AMI in male patients. Particular attention
should be paid to the increased incidence of AMI
among younger men, who showed a greater increase
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in the prevalence of the metabolic syndrome than
other age groups (Table 4), and also had a markedly
high incidence of current smoking (Fig. 1), which did
not decrease over the three time periods. Furthermore,
the proportion of patients receiving treatment for each
coronary risk factor was significantly lower in younger
male patients than other age groups (Fig.3). There-
fore, control of the risk factors associated with meta-
bolic syndrome, in addition to conventional risk fac-
tors, such as hypercholesterolemia, and increased rates
of smoking cessation, are required to decrease the inci-
dence of AMI among men.

In conclusion, the age-adjusted incidence of AMI
increased in male patients, but not in female patients.
In particular, younger men have shown a significant
increase in the incidence of AMI recently. The control
of conventional coronary risk factors is still thought to
be insufficient, in both men and women, to contrib-
ute o a decrease in the incidence of AMI. In addition,
preventive care for metabolic syndrome may be
required in younger men.
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