£ Circulation Journal
5 Official Journal of the Japanese Circulation Society

http: //www.j-circ.or.jp

Efficacy of Out-Patient Cardiac Rehabilitation in Low
Prognostic Risk Patients After Acute Myocardial
Infarction in Primary Intervention Era
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Takahiro Ohara, MD; Masanobu Yanase, MD; Naohiko Aihara, MD:
Teruo Noguchi, MD; Hiroshi Nonogi, MD; Yoichi Goto, MD

Background: The efficacy of out-patient cardiac rehabilitation (OPCR) in patients with a low prognostic risk
after acute myocardial infarction (AMI) is unclear in the recent primary intervention era.

Methods and Results: A total of 637 AMI patients who participated in in-hospital cardiac rehabilitation were
divided into 2 groups; low prognostic risk group (n=219; age <65 years, successful reperfusion, Killip class |, peak
serum creatine kinase <6,000U/L, and left ventricular ejection fraction 240%) and non-low prognostic risk group
(n=418). The prevalence of coronary risk factors (CRF) was compared between the 2 groups. Then, in the low-
risk group, the efficacy of OPCR was compared between active OPCR participants (n=52; 220 sessions/3 months)
and non-active participants (n=60; <6 sessions/3 months). Compared with the non-low prognostic risk group, the
low prognostic risk group had a significantly higher prevalence of current smokers (72% vs. 49%, P<0.05) and
patients with multiple CRF (3 or more; 49% vs. 39%, P<0.05). Among the low- risk group, active OPCR partici-
pants showed a significantly greater improvement in exercise capacity (peak VOz, P<0.05) and maintained a bet-
ter CRF profile (total cholesterol, triglyceride and blood pressure, all P<0.05) than inactive participants at 3
months.

Conclusions: Low prognostic risk AMI patients have a higher prevalence of multiple CRF than non-low risk
patients. Even in this low risk group, active participation in OPCR is associated with improved exercise capacity

ORIGINAL ARTICLE

Cardiac Rehabhilitation

and better CRF profile. (CircJ 2011; 75: 315-321)
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vention including medically supervised exercise

training, risk factor control, patient education, and
psychosocial counseling. CR has been reported to be effec-
tive in improving numerous intermediate endpoints, includ-
ing exertional ischemic symptoms, overall feelings of well-
ness, exercise tolerance, and coronary risk factors (CRF) in
patients with coronary artery disease (CAD).!-® In addition,
recent meta-analyses of randomized studies on the effects of
exercise-based CR in patients with CAD have demonstrated
a statistically significant reduction in total and cardiac mor-
tality ranging from 20% to 32%7-° in patients undergoing
CR compared with those receiving standard medical care.
The guidelines from the American College of Cardiology/
American Heart Association and Japanese Circulation Soci-
ety recommend the use of CR after acute myocardial infarc-

C ardiac rehabilitation (CR) is a comprehensive inter-

tion (AMI) as Class I.'*-14

Recently, the widespread use of primary percutaneous
coronary interventions (PCI) has enabled early ambulation
of patients with AMI by reducing acute phase complications,
resulting in minimal physical deconditioning. As a result,
many AMI patients leave a hospital early without participat-
ing in a recovery phase (phase II) out-patient CR (OPCR)
program.'s However, the necessity and efficacy of OPCR
remain unclear in AMI patients who are anticipated to be at
low risk in terms of long-term prognosis (ie, non-elderly,
successful reperfusion, absence of heart failure, and pre-
served left ventricular (LV) systolic function).

Accordingly, the purpose of the present study was to clar-
ify the prevalence of CRF and to determine the efficacy of a
3-month OPCR program in such presumably low prognostic
risk patients after AMI.

Received August 12, 2010; revised manuscript received September 29, 2010; accepted October 6, 2010; released online December 14,

2010 Time for primary review: 21 days

Department of Cardiovascular Medicine, National Cerebral and Cardiovascular Research Center, Suita, Japan
Mailing address: Yoichi Goto, MD, Department of Cardiovascular Medicine, National Cerebral and Cardiovascular Research Center,
5-7-1 Fujishiro-dai, Suita 565-8565, Japan. E-mail: ygoto@hsp.ncvc.go.jp

ISSN-1346-9843  doi:10.1253/circj.CJ-10-0813

All rights are reserved to the Japanese Circulation Society. For permissions, please e-mail: ¢j @j-circ.or.jp

Circulation Journal Vol.75, February 2011

—135—



316

KAMAKURA T et al.

Study protocol
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Figure 1. Schematic of study protocol. AMI, acute myocardial infarction; CK, serum concentration of creatine kinase; LVEF,

<5times
(<0.5times/week)

Non-active participants
(n=60)

Methods

Patients

We studied a total of 637 consecutive patients with AMI who
participated in a recovery phase CR program and underwent
cardiopulmonary exercise testing (CPX) at the beginning and
end of a 3-month program in our hospital. The patients were
divided into 2 groups: a low prognostic risk group and a non-
low prognostic risk group. The low prognostic risk group
comprised of 219 patients who fulfilled all of the following
criteria indicative of favorable prognosis; age under 65 years,
successful reperfusion, Killip class I (an indicator of absence
of acute phase heart failure), peak serum creatine kinase
(CK) <6,000U/L, LV ejection fraction (LVEF) 240%. The
remaining 417 patients who did not fulfill 1 or more of the
above 5 criteria were referred to as the non-low prognostic
risk group.

As the first step of data analysis, the prevalence each of
the CRF (hypertension, hyperlipidemia, diabetes mellitus,
obesity and smoking habit) was compared between the low
prognostic group and the non-low prognostic group.

As the second step, the efficacy of OPCR in AMI patients
at low prognostic risk was examined by comparing the data
for exercise capacity and CRF between active participants
and non-active participants in the low prognostic risk group.
Active participants were defined as patients who attended
the OPCR sessions at least 20 times in 3 months (ie, approx-
imately >2times/week), and non-active participants were
those who attended OPCR Iless than 6 times in 3 months (ie,
approximately <0.5times/week). There were 52 active par-
ticipants and 60 non-active participants in the low prognos-

tic group. We did not include the remaining 107 patients
with intermediate attendance (patients with 6-19 attendances
in 3 months) in the analysis, because the effect of OPCR in
this patient group was considered to be modest, if any, and
inclusion of this group in the analysis would dilute the mea-
surable efficacy of OPCR. A schematic of the study protocol
is provided in Figure 1.

CR Program
The CR program began approximately 1 week after AMI
and continued after hospital discharge for 3 months. Patients
who had angina or evidence of ischemic changes in their
electrocardiogram (ECG) at a low level of exercise (walking
test), uncontrolled heart failure, and serious arrthythmia were
excluded. Program components included supervised exercise
sessions (walking, bicycle ergometer and calisthenics) and
education, as previously described.'®'” The exercise inten-
sity was determined individually at 50-60% of heart rate
reserve (Karvonen’s equation, k=0.5-0.6)"*'" or a heart rate
of anaerobic threshold (AT) level obtained in a maximal
symptom-limited CPX testing or at level 12-13 (‘a little
hard’) of the 6-20 scale perceived rating of exercise (origi-
nal Borg’s scale).”’ The exercise program was started with
supervised sessions for 2 weeks, followed by home exercise
combined with once or twice-a-week supervised sessions for
the remaining 10 weeks. Home exercise consisted mainly of
brisk walking at a prescribed heart rate for 30 to 60 min, 3-5
times a week.

Patients were encouraged to attend the education classes
that were held 4 times a week with lectures on CAD, sec-
ondary prevention, diet, smoking cessation, medication, and
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Table 1. Comparisons of Clinical Characteristics in the Low and Non-Low Prognostic Risk Groups
Low( r|;|=s"t(1gl)'oup Non I?Lﬁ;)group P value
Age (years) 55+7 65+9. <0.01
Male (%) 88 83 NS
Killip class 211 (%) 0 13 <0.01
Peak CK (U/L) 2,458+1,444 3,339+2,639 <0.01
CK 26,000 U/L (%) 0 17 <0.001
Unsuccessful reperfusion (%) 0 24 <0.001
LVEF (%) 49.1+6.8 44.4+10.4 <0.01
LVEF <40% (%) 0 34 <0.001
BNP (pg/ml) 75.7+70.9 209.8+202.0 <0.001
HT (%) 57 56 NS
DM/GT (%) 47 42 NS
HLP (%) 59 49 <0.05
Obesity (%) 28 27 NS
Smoking habit (%) 72 49 <0.001
Coronary risk factors 23 (%) 49 39 <0.05

CK, serum concentration of creatine kinase; LVEF, left ventricular ejection fraction; BNP, brain natriuretic peptide;
HT, hypertention; DM, diabetes mellitus; IGT, impaired glucose tolerance; HLP, hyperlipidemia.
Values are mean+SD.

Table 2. Baseline Characteristics of Active Participants and Non-Active Participants in the Low-Risk Group
Actwe(zz;t;;lpants Non: actl\(l:=%%;tlclpants P value
Age (years) 57.0+7.3 52.8+7.0 <0.01
Male (%) 83 95 <0.001
Peak CK (U/L) 2,361.1+1,264.2 2,419.5+1,357.1 NS
LVEF (%) 51.4+7.5 47.4+57 <0.01
BNP (pg/ml) 83.7+106.0 82.8+74.8 NS
OPCR attendance (times/3 months) 25.5+5.1 1.3+1.7 <0.001
HT (%) 58 52 NS
DM/IGT (%) 44 52 NS
HLP (%) 58 58 NS
Obesity (%) 29 30 NS
Smoking habit (%) 56 75 <0.05
ACE-I/ARB (%) 42 52 NS
[-blocker (%) 19 43 <0.01
Ca channel blocker (%) 40 40 NS
DM medications (%) 8 15 NS
Statin (%) 44 43 NS
Rest HR (/min) 72.6+10.8 71.5+14.9 NS
Rest sBP (mmHg) 123.1+20.2 119.8+21.0 NS
Rest dBP (mmHg) 77.7£11.0 74.7+12.0 NS
Peak WR (W) 132.3+25.2 136.0+31.3 NS
AT (ml-min-'-kg) 11.1£2.5 11.6+2.6 NS
Peak VO2 (ml-min-'-kg~') 23.4+4.2 23.6+5.0 NS
Peak VOz2 (%predict) 78.5+14.5 73.7+14.3 NS

Values are mean+SD.

OPCR, outpatient cardiac rehabilitation; ACE-I, angiotensin converting enzyme inhibitor; ARB, angiotensin Il recep-
tor blocker; HR, heart rate; sBP, systolic blood pressure; dBP, diastolic blood pressure; WR, work rate; AT, anaerobic
threshold; Peak VO, peak oxygen uptake. Other abbreviations see in Table 1.

physical activities given by physicians, nurses, dieticians, the 3-month CR program. Patients were scheduled to undergo
pharmacists and exercise instructors. In addition, all patients blood tests at the beginning and the end of the 3-month CR
received individual counseling on exercise prescription, sec- program.

ondary prevention, and daily life activities by a physician
and a nurse at the time of hospital discharge and the end of
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Figure 2. Comparison of the active participants and non-active participants before and after 3 months of outpatient cardiac
rehabilitation program. A, active participants; NA, non-active participants; BMI, body mass index; sBP, systolic blood pressure;
dBP, diastolic blood pressure; AT, anaerobic threshold; Peak VOz, peak oxygen uptake; T-CHO, serum concentration of total
cholesterol; TG, serum concentration of triglyceride; HDL-C, serum concentration of high density lipoprotein cholesterol; LDL-
C, serum concentration of low density lipoprotein cholesterol; FBG, fasting blood glucose; HbA1c, hemoglobin Aic; BNP, brain

natriuretic peptide.

CPX

Patients were scheduled to undergo a symptom-limited CPX
at the beginning and the end of the 3-month CR program.*!
After a 2-min rest on the bicycle ergometer in the upright
position, the patients started pedaling at an intensity of OW
for 1min (warm-up), and then performed an incremental
exercise test with a ramp protocol (10 or 15W/min) until
exhaustion. Twelve-lead ECG was continuously monitored
and blood pressure (BP) was measured once-a-min with a
sphygmomanometer. Expired gas was collected and ana-
lyzed continuously with an AE-300S gas analyzer (Minato
Co, Osaka, Japan). Peak oxygen uptake (peak V02) was
defined as the highest VO2 value achieved at peak exercise.
Ventilation (VE) and carbon dioxide output (VCO2) were
measured and the VO value at AT or ventilatory threshold
was determined as the point at which VCO: increased in a
non-linear fashion relative to the rate of VO2 (according to
the VE/VOz time trend, the respiratory exchange ratio flec-
tion point, or the V-slope method).'***

Statistical Analysis
Baseline characteristics between the 2 groups were compared

using unpaired t-test and chi-square test. Data at baseline and
after the 3-month OPCR were compared by paired t-test. A
P-value less than 0.05 was considered statistically signifi-
cant. Data are presented as the mean+standard deviation.

Resuits

Prevalences of CRF in Low Prognostic Risk Group vs.
Non-Low Prognostic Risk Group

Clinical characteristics in the low prognostic risk group and
the non-low prognostic risk group are summarized in
Table 1. Compared with the non-low prognostic risk group,
the low prognostic risk group was on average significantly
younger, and did not have heart failure on admission or
unsuccessful reperfusion, but had lower peak CK and B-type
natriuretic peptide (BNP) concentrations and preserved
LVEF. Although these findings were anticipated by the defi-
nition of the group, they reconfirm that the patients in the
low prognostic group were undoubtedly at low prognostic
risk. However, when the prevalence of CRF was compared
between the 2 groups, the percentage of patients with dyslip-
idemia, smoking habit and multiple CRF (equal to or more
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than 3) was significantly higher in the low prognostic risk
group than in the non-low prognostic risk group.

Etficacy of OPCR in Low Prognostic Risk Group: Comparison
Between Active and Non-Active Parlicipants '
Baseline characteristics in active participants and non-active
participants in the low prognostic risk group are summarized
in Table 2. Although active participants were significantly
older than the non-active participants, they were both non-
elderly (less than 65 years old). Peak CK was low and LVEF
was relatively preserved in both groups. These findings
reconfirm that both active and non-active participants are
apparently at low prognostic risk. Although there were minor
differences in the prevalence of male patients, smokers and
/3-blocker use, there were no significant differences in exer-
cise capacities at baseline between the 2 groups.

During the 3-month OPCR period, only a few patients
experienced changes in medication; statins were introduced
in 3 patients (5.8%) in the active participants and 2 patients
(3.3%) in the non-active participants, and diabetic medica-
tions were started in 2 patients (3.3%) in the non-active par-
ticipants. Thus, the baseline clinical characteristics of active
and nomn-active participants were almost equivalent, except
for the frequency of OPCR attendance.

Figure 2 depicts comparisons of parameters before and
after the 3-month OPCR between active and non-active
participants in the low prognostic risk group. After the 3-
month OPCR, only active participants, and not the non-
active participants, showed significant improvements in
body mass index (BMI; 23.3+2.5 to 22.9+2.5, P<0.01), AT
(11.1£2.5 to 12.7£2.5ml - min-!-kg!, P<0.001), total cho-
lesterol (208.4+33.7 to 188.8+26.4mg/dl, P<0.05), and tri-
glyceride (130.0£77.4 to 111.0+63.7mg/dl, P<0.05). In addi-
tion, while peak VO: increased in both groups (active
participants 23.434.2 to 27.3+5.0ml-min'-kg!, P<0.001;
non-active participants 23.7+5.0 to 25.3£5.3ml- min! -kg?,
P<0.001), the magnitude of the increase was significantly
greater in the active participants (15.6% vs. 8.6%, P<0.05).
In contrast, only non-active participants showed significant
worsening in systolic and diastolic BP (systolic BP: from
119.8+21.0 to 126.1+20.4 mmHg, P<0.05, diastolic BP: from
74.7112.0 to 82.4+11.8mmHg, P<0.001) and triglyceride
(128.0£57.1 to 135.3163.9mg/d]l, P<0.05). The following
parameters showed significant improvements both in the
active and non-active participants; high density lipoprotein
cholesterol (HDL-C: 43.6114.1 to 49.0£12.2 mg/dl, P<0.01;
39.7£11.0 to 44.8+11.6 mg/dl, P<0.001), low density lipo-
protein cholesterol (LDL-C: 140.1+31.9 to 117.6+25.9mg/d],
P<0.001; 124.8+31.2 to 115.3%£19.7mg/dl, P<0.01), and
BNP (83.7£106.0 to 39.7+44.8 pg/ml, P<0.05; 82.9+74.8 to
42.4+51.7 pg/ml, P<0.05).

Discussion

The major findings of the present study are that the low
prognostic risk AMI patients had a higher prevalence of
smoking habit, dyslipidemia and multiple CRF than the non-
low prognostic risk patients, and that in the low prognostic
risk group, active participation in OPCR was associated with
better CRF profile (ie, BP, dyslipidemia, and obesity) and
exercise capacity. These findings suggest that, by actively
participating in OPCR after AMI, even the low prognostic
risk patients might gain clinical benefits such as better CRF
modification and physical functioning.

Previous Studies

Various guidelines for management of post-AMI (or estab-
lished CAD) patients recommend aggressive modifications
of CRF for secondary prevention,'™!>!* and adherence to
these recommendations and/or reduction of CRF have been
shown to improve long-term prognosis.-** In contrast,
Thrombolysis In Myocardial Infarction (TIMI) risk score®
and Controlled Abciximab and Device Investigation to
Lower Late Angioplasty Complications (CADILLAC) risk
score™® have demonstrated that 1-year mortality is very low
in AMI patients with age <65 years, successful reperfusion,
absence of acute phase heart failure, and preserved LV func-
tion, which are compatible with the patient characteristics of
the low prognostic risk group in the present study. However,
little is known about the prevalence of CRF or clinical sig-
nificance of accumulation of multiple CRF in such low prog-
nostic risk patients. In relation to this, it is of note that,
Lloyd-Jones and colleagues demonstrated that young sub-
jects with accumulated CRF, despite low short-term risk,
have a higher ‘lifetime risks for CAD’ and greater progres-
sion of subclinical coronary atherosclerosis compared with
those at low lifetime risk.***" These data suggest that appar-
ently low prognostic risk patients stratified by TIMI or
CADILLAC risk score are likely to have superb short-term
(1 year) prognosis, but not necessarily favorable long-term
or lifetime prognosis.

Present Study

The present study has explicitly demonstrated that the low
prognostic risk patients actually have higher prevalence of
multiple CRF than the non-low prognostic risk patients.
Although the finding that younger AMI patients have higher
prevalences of smoking and hyperlipidemia than elderly
patients is in accordance with previous studies,’' there has
been no report demonstrating higher prevalence of multiple
CRF in low prognostic risk AMI patients with successful
reperfusion and preserved LVEF. According to TIMI risk
score?” or CADILLAC risk score,? this finding might appear
confusing or counterintuitive. However, from the viewpoint
of lifetime CAD risk,*™ this finding might have a signifi-
cant impact on the long-term prognosis of apparently low
prognostic risk AMI patients.

The second major finding in the current study is that active
participation in OPCR improved CRF (BP, dyslipidemia, and
obesity) and exercise capacity even in the low prognostic
risk group. There have been no studies that reported the
effect of OPCR in the low prognostic risk AMI patients. Tay-
lor et al’ reported in a meta-analysis of randomized controlled
trials that the effect of OPCR on total mortality did not differ
between studies before and after year 1995 (odds ratio 0.84
before 1995 vs. 0.62 after 1995, NS), but they did not assess
the effect of OPCR on the low prognostic risk patients after
successful reperfusion. Witt et al recently reported that par-
ticipation in OPCR after AMI was associated with improved
survival and reduced recurrent myocardial infarction (MI) at
3 years, but the rate of reperfusion was only 33% in their
patients.** Squires et al reported that a 3-year coronary dis-
ease management program in OPCR for CAD patients was
effective in achieving the secondary prevention goals, but
their assessment did not target the low prognostic risk
patients.** Thus, the present study has demonstrated for the
first time the favorable effects of OPCR on CRF and exercise
capacity in the low prognostic AMI patients.
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Clinical Implications )
[t remains unknown whether the improvements in CRF pro-
files and exercise capacity achieved by active participation
in OPCR can lead to an improved long term prognosis in the
low prognostic risk AMI patients. However, Tani et al
reported that successful life style modification with exercise,
body weight reduction and smoking cessation for 6 months
was associated with coronary plaque volume regression in
low prognostic risk CAD patients.** Belardinelli et al
reported in the ETICA (Exercise Training Intervention after
Coronary Angioplasty) trial that a 6-month OPCR for the
relatively low risk CAD patients after successful PCI (49%
having AMI) reduced cardiac events and hospital re-admis-
sion during the follow-up period (337 months).*" In addi-
tion, because the magnitude of the improvement in endothe-
lial function afforded by OPCR does not correlate with the
improvements in CRF,™ the general consensus at present is
that the favorable effect of OPCR on the long-term progno-
sis is mediated by a direct anti-atherosclerosis effect of exer-
cise training rather than by improvements in CRF.* There-
fore, further study is necessary to determine the long term
effect of OPCR in AMI patients with low prognostic risk.

in the present study. significant differences were found
between active and inactive OPCR participants in BMI, total
cholesterol, triglyceride and BP, but not in LDL-C or glu-
cose tolerance. One might argue that the prognostic impacts
of BMLI, total cholesterol, triglyceride and BP might be less
powerful compared with those of LDL-C and diabetes. How-
ever, Nakatani et al reported that the metabolic syndrome,
diagnosed from the combination of BMI, HDL-C, triglycer-
ide, BP, and fasting blood glucose, was an independent pre-
dictor of subsequent combined cardiac events of cardiac
death and non-fatal MI in Japanese patients after AMIL*
Therefore, it is plausible that the improvements in BMI, tri-
glyceride and BP observed in the present study might con-
tribute to the improvement in the long-term prognosis in
Japanese AMI patients.

Future Direction

In the present study, the rate of active OPCR participation
was only 24% (52/219 patients) in the low prognostic risk
group. To reduce lifetime CAD risk in these low prognostic
risk AMI patients, a substantial increase in participation rate
in OPCR is necessary. However, according to a recent
nation-wide survey in 526 Japanese Circulation Society
authorized cardiology training hospitals,'® the implementa-
tion rate was 92% for emergency PCIL, but only 9% for
OPCR. In addition, Ades et al reported that, by multivariate
analysis, the strength of the physician’s recommendation for
participation was the most powerful predictor of OPCR par-
ticipation.® Thus, to increase the participation rate in OPCR,
it is critically important to greatly increase the number of CR
facilities and to enhance physicians’ understanding of the
benefits of OPCR after AMI.

Study Limitations

First, this study was a retrospective analysis and the number
of patients was relatively small. The more active patients
would be expected to participate in OPCR and this might
have introduced a selection bias.

Second, the low prognostic risk group is anticipated to be
at low risk in terms of short-term prognosis>"* and hence,
whether improvements in CRF profile in such low prognos-
tic risk patients are associated with actual improvements in
outcome is uncertain. A longer follow-up in a larger number

Circulation Joumal

of patients is necessary to increase the Astatisticall power to
demonstrate the beneficial effect of OPCR on the long-term
prognosis. '

Conclusions

The low prognostic risk AMI patients have a higher preva-
lence of multiple CRF than the non-low risk patients. Active
participation in OPCR program is associated with improved
exercise capacity and CRF profile in such low prognostic
risk patients. OPCR program can be effective in achieving
secondary prevention goals even in the low prognostic risk
AMI patients.
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Abstract Coronary vasospasm can be induced by allergic
Teactions with some chemical mediators, and the angina and
myocardial infarction secondary to allergy-induced coro-
nary vasospasm are referred to as “Kounis syndrome.”
Only two cases of Kounis syndrome following food inges-
tion have been reported. However, they had pre-existing
atheromatous coronary artery disease, and no provocation
test to induce coronary vasospasm was done. We describe
here another probable case of allergic vasospasm after food
intake. To the best of our knowledge, this is the first docu-
mented report of a patient with food-induced allergic vaso-
spasm subsequent to the provocation test with ergometrine
maleate.

Key words Allergic vasospasm - Kounis syndrome - Ergo-
metrine maleate - Histamine

Introduction

Coronary vasospasm is defined as abnormal contraction of
an epicardial coronary artery resulting in myocardial isch-
emia, and is more common in Japanese patients with coro-
nary disease than their Caucasian counterparts.’ Coronary
vasospasm is mainly induced by emvironmental stimuli
{such as temperature), emotional stress, or physical exer-
tion, but some cases with coronary vasospasm following
acute allergic reaction have been reported.” In allergic epi-
sodes, chemical mediators such as histamine, leukotrienes,
and neutral proteases are increased in the peripheral circu-
lation, and the increase of such mediators could induce
coronary artery spasm and atheromatous plaque rupture.”*
Allergic angina and allergic myocardial infarction caused by
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chemical mediators released through mast cell activation
were recently described as “Kounis syndrome.”

In this report, we describe a probable case of coronary
vasospasm secondary to allergic reaction following food
ingestion. Although coronary angiogram revealed no severe
stenosis in the present case, the provocation test with ergo-
metrine maleate induced coronary vasospasm in the right
coronary artery. To the best of our knowledge, this is the
first documented report of a case of food-induced allergic
vasospasm subsequent to the provocation test with ergo-
metrine maleate.

Case report

A 65-year-old woman, who had previous history of anaphy-
lactic shock after ingestion of shellfish, began to feel itching
all over the body approximately 30 min after eating Chinese
noodles including shellfish, and then suffered from severe
discomfort. She called emergency services and thereafter
developed dizziness, cold sweating, vomiting, and skin rash
in the ambulance. Her systolic blood pressure dropped to
60 mmHpg, suggesting she had entered a state of shock. She
had no history of chest pain, smoking, and no other risk
factors for coronary artery disease; however, her electrocar-
diogram (ECG) monitor (II lead) in the ambulance showed
elevation of ST segment and gradual prolongation of atrio-
ventricular interval (Fig. 1A). Coronary artery disease was
suspected, and she was transferred to our hospital. Before
arriving, her blood pressure had recovered and the ECG
change had normalized promptly by receiving no other
treatment for the allergic reaction besides the saline
mfusion.

On admission, her vital signs were stable and symptoms
had disappeared except red macules persisting over the
entire body. The ECG was normal without ST elevation in
any leads (Fig. 1B), and transthoracic echocardiography
demonstrated normal left ventricular wall motion. In blood
samples, cardiac enzymes and eosinocytes were not ele-
vated, but IgE titer was elevated (510 IU/ml; normal range
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Fig. 1. A The electrocardiogram menitor (II lead) in the ambulance
showed ST segment elevation and gradual prolongation of atrioven-
tricular interval. B~D Serial electrocardiograms on admission without
ST elevation in any leads (B), on the injection with ergometrine
maleate into the right coronary artery showing ST segment elevation

<170 IU/ml). On the following day, coronary angiography
was performed and revealed no severe stenosis in the left
or right coronary artery (Fig. 2A,B). Because vasospasm in
the right coronary artery was suspected, we subsequently
performed a provocation test with ergometrine maleate %’
After intracoronary administration of ergometrine maleate
(40 ug) into the right coronary artery, she suffered from
discomfort, dizziness, cold sweating, and nausea again as in
the initial episode, but she had no chest pain. The ECG
showed elevation of ST segments in II, III, and aVF leads,
and Wenckebach type second-degree atrioventricular block
(Fig. 1C), and the angiography revealed total occlusion in
the middle part of the right coronary artery (Fig. 2C). Intra-
coronary administration of nitroglycerin (0.5 mg) resolved
the obstruction immediately (Fig. 2D). Her symptoms were
relieved, and the elevation of ST segments and atrioven-
tricular block in her ECG disappeared (Fig. 1D). A proba-
ble diagnosis of coronary vasospasm was made. Because she
developed coronary vasospasm only during anaphylaxis, we
prescribed no medication to her. After discharge, she had
no episode of coronary vasospasm.
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in I, IIT, aVF leads, and Wenckebach type second-degree atrioven-
tricular block (C), and after intracoronary administration of nitroglyc-
erin showing the disappearance of ST segment elevation and
atrioventricular block (D)

Discussion

More than ten cases with ST segment elevation during ana-
phylaxis have been reported,® and the concept of allergic
angina was first proposed by Kounis and Zavras in 19913
They described that coronary vasospasm could be provoked
by histamine-release during acute allergic reaction.

The acute coronary syndromes caused by mast cell acti-
vation,including allergic or anaphylactic insults, are referred
to as “Kounis syndrome.” There are two variants of this
syndrome; type I variant includes patients with normal
coronary arteries and may represent a manifestation of
microvascular angina or coromary vasospasm, and type II
variant includes patients with culprit but quiescent pre-
existing atheromatous disease in whom acute allergic
episode can induce plaque erosion or rupture, resulting in
an acute coronary syndrome.

Allergic and anaphylactic reactions are associated with
mast cell degranulation and release of chemical mediators.
Mast cells are found in most parts of the body including



Fig. 2. Angiogram of the left
coronary artery (left anterior
oblique view) (A) and
sequential angiograms of the
right coronary artery (left
anterior ablique view)
performed before (B),
immediately after the
provocation test with
ergometrine maleate (C), and
after intracoronary
administration of nitroglycerin
(D). Angiography of A the left
coronary artery and B the right
coronary artery showed no
stenosis. C Angiography showed
total occlusion in the middle
right coronary artery (arrow). D
Angiography showed a complete
resolution of the obstruction

coronary arteries,” and could release histamine, leukotri-
enes, tryptate, and chymase. Histamine and leukotrienes
are powerful coronary vasocomnstrictors, and tryptate and
chymase are metalloproteinase activators that can trigger
degradation of collagen and could induce plaque rupture.*”
Furthermore, conversion of angiotensin I to angiotensin I
can be mediated by chymase, and this together with hista-
mine action could aggravate the local coromary artery
spasm.

Histamine is the most important chemical mediator, is
widely distributed throughout the human body, and acts on
many organs via its receptors.”’ During anaphylaxis, hista-
mine bound to peripheral H1-histamine receptors can con-
tribute to the vasodilatation and an increase in vascular
permeability in the peripheral circulation.” On the other
hand, it is known that histamine in coronary artery has a
vasoconstrictive action mediated by HI-histamine recep-
tors in smooth muscle cells.” Therefore, during an anaphy-
lactic episode, histamine in the coronary artery could induce
coronary vasospasm. More than ten cases of coronary vaso-
spasm during anaphylactic reaction have been reported,
and most of these were caused by drugs or hymenoptera
stings>™" Only two cases of type II variant of Kounis
syndrome with pre-existing atheromatous coronary artery
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disease following food ingestion were reported,'” but no
provocation test was done in these two cases.

Concerning patients who had died within 2 days after the
acute coronary events, infiltrates of activated mast cells at
the site of coronary atheromatous erosion or rupture were
found in a ratio of 200 to 1 compared with normal endothe-
lial segments.” Since Kounis syndrome might play a role in
a final trigger pathway implicated in cases of coronmary
artery spasm and plaque rupture,” mast cell surface mem-
brane protection and stabilization might prove a novel way
to attempt to prevent acute coronary syndrome.

On the other hand, Vivas et al. have previously reported
a patient who suffered three documented episodes of angina
with transient ST-segment elevation, two of which had a
time-relationship to amoxycillin administration and allergic
reaction, but not the third episode."” All the three episodes
were finally related to metabolic acidosis, and other uncom-
mon underlying mechanisms should be considered before
the diagnosis of Kounis syndrome is established.

In the present case, we did not perform radioallergosor-
bent tests (RAST), of which the sensitivity and specificity
were reported as from 60% to 95% and from 30% to 95%,
respectively.”” This case, however, met the diagnostic crite-
ria for anaphylaxis, such as involvement of the skin-mucosal
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tissue, reduced blood pressure, and persistent gastrointesti-
nal symptoms.’ Total IgE level was also elevated, although
the diagnostic utility of this test was limited. The patient
had no chest pain but had nausea, and ECG showed ST
segment elevation in lead II and gradual prolongation of
atrioventricular interval during anaphylaxis. On the provo-
cation test with ergometrine maleate, nausea, coronary
vasospasm in the right coronary artery, ST segment eleva-
tion in inferior leads, and Wenckebach type second-degree
atrioventricular block were induced just as in the initial
anaphylactic episode. It could be interpreted that coronary
vasospasm was induced during anaphylaxis. In fact, it was
reported that histamine and ergometrine maleate were both
endothelium-dependent vasodilators by the release of nitric
oxide in young healthy subjects, but caused vasoconstriction
in patients with atherosclerosis.""'”** Therefore, coronary
vasospasm induced by histamine could be provoked with
ergometrine maleate.

In summary, anaphylaxis by food ingestion is probably
responsible for coronary vasospasm in the present case. To
the best of our knowledge, this is the first report on type 1
variant of Kounis syndrome without pre-existing severe
coronary stenosis following food ingestion.
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Abstract. The inverse association between plasma B-type natriuretic peptide (BNP) levels and body mass index (BMI)
has been reported in Western populations. Here we analyzed the relationship between plasma BNP and obesity in a general
urban Japanese population. We recruited 1,759 subjects without atrial fibrillation or history of ischemic heart disease aged
38-95 years (mean age + standard deviation 64.5 £ 10.9 years, 56.1% women, mean BMI 22.8 + 3.1 kg/m?) from the
participants in the Suita Study between August 2002 and December 2003. In multivariable regression analyses adjusted
for age, systolic blood pressure, pulse rate, serum creatinine, left ventricular hypertrophy in ECG, the inverse relationships
between BNP levels and BMI (kg/m?) was found in both sexes (both p<0.001). Multivariable-adjusted mean plasma BNP
levels in the group of BMI<18.5, 18.5sBMI<22, 22<BMI<25, and 25<BMI were 23.4, 17.9, 14.0 and 13.0 pg/mL,
respectively (trend p<0.001). The negative association of body fat (percentage and mass), skin fold thickness, or waist
circumference with BNP levels was observed in both sexes (p<0.01). Among the obesity indices, body fat mass is most
tightly associated with BNP. In conclusion, plasma BNP was inversely associated with obesity-related markers such as
body fat mass, skinfold thickness and waist circumferences after adjusted for relevant covariates in a Japanesc

population.

Key words: BNP, BM1, Body fat mass, Japanese

B-TYPE natriuretic peptide (BNP) is a cardiac hor-
mone, synthesized in, processed in and secreted from
heart [1]. The secretion of BNP is stimulated in heart
failure along with its severity. Plasma BNP is clinical-
ly utilized to diagnose the existence or the severity of
the cardiac failure [2]. BNP levels are affected by de-
mographic variables such as age, gender, and clinical
characteristics such as hypertension {3, 4], atrial fibril-
lation [5], and renal function [6].

Several recent studies have suggested that obesity,
as indexed elevated body mass index (BMI), also af-
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fects BNP levels, with lower circulating levels in those
with higher BMI in subjects with and without heart
failure [7-12]. In addition, the Dallas Heart Study re-
vealed that BNP is closely associated with lean mass
than with fat mass [8]. However, these studies were
mostly conducted in Western countries, where BMI is
much higher than in other parts of the world. It is not
unclear whether this relationship could apply in a gen-
eral Japanese population whose BMI levels are lower
than in Western countries [13].

Therefore, the aim of the present study is to evalu-
ate the association between BMI and BNP levels in
a general urban Japanese population. To further elu-
cidate the mechanisms of the relationship between
obesity and BNP levels, we examine the relationship
between BNP levels and various obesity related fac-
tors such as lean body mass, body fat mass, skin fold
thickness, and waist circumferences.
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Methods

Study Sample

The Suita Study [14-16], an epidemiological study
of cerebrovascular and cardiovascular disease, was
based on a random sampling of 15,200 (30-79 years of
age at enrollment) Japanese residents of Suita. They
were all invited, by letter, to attend regular cycles of
follow-up examination (every 2 years). Subjects were
recruited into the Suita Study between August 2003
and December 2004 in this study (n=2,007). Subjects
with chronic atrial fibrillation at time of referral (n=40)
and history of ischemic heart disease (n= 97) were ex-
cluded. After applying this exclusion, 1,759 individu-
als were included in this analysis. The study design
was approved by the institutional review board of the
National Cardiovascular Center, Informed consent
was obtained from all subjects.

Routine physical examination, 12-lead surface
ECGQG, several blood chemical variables and plasma
BNP measurements were performed. A physician or
nurse interviewed each patient personal history of car-
diovascular disease, including angina pectoris and/or
myocardial infarction. Blood pressure was measured
after at least 5 minutes of rest in a sitting position.
Systolic and diastolic blood pressures (SBP and DBP)
were the means of two measurements by well-trained
doctors (recorded at least 1 min apart) [16]. BMI was
calculated as weight in kilograms divided by height in
meters squared. Waist circumference was measured
in a standing position at the umbilical level by well-
trained technicians [15]. Lean body mass and body fat
mass were calculated by the bioelectrical impedance an-
alyzer [17]. Brachial triceps and subscapular skin fold
thickness was measured using keys calipers by trained
physician epidemiologists with standard methods.

Measurement of BNP .

Blood sample was collected into tubes containing
EDTA. Plasma BNP was measured by validated and
commercially available immunoassay kit (Shionogi,
Osaka, Japan). The measurable range of the BNP as-
say is 4.0 to 2000 pg/mL. Average intra- and inter-as-
say coefficients of variation were 3.7% and 4.5%, re-
spectively.

Statistical Analyses
Continuous data are presented as means + standard
deviations (SDs) for normally distributed variables and

as medians (interquartile range) in case of skewed dis-
tribution. Categorical data are presented as numbers
and percentage. Comparison of clinical characteristics
between patients each BMI category were performed
using Kruskal-Wallis test for continuous data and ¥*
test for categorical data. Variables with skewed distri-
butions underwent logarithmic transformation to cre-
ate normal distributions. The value less than the lower
detection limit of the BNP assay (BNP < 4.0 pg/mL)
were found 9.0% of all subjects. For analyses examin-
ing continuous BNP levels, we treated lower detection

limit of the BNP assay for 4.0 pg/mL and performed

multivariable linear regression with log-transformed
BNP as the dependent variables. Covariates exam-
ined for inclusion in the multivariable models were
age, sex, systolic blood pressure, pulse rate, serum
creatinine, and left ventricular hypertrophy (LVH) in
ECG. Sex-specific regression analyses were also per-
formed. In additional models, we replaced the contin-
uous BMI variable with BMI categories (BMI<18.5,
18.5 < BMI< 22, 22 < BMI < 25, and 25 kg/m” <
BMI). The results of the multivariable analyses were
also used to examine the relations of BMI category to
adjusted plasma BNP levels. Since models used log-
transformed dependent variables, we exponentiated
the B coefficient for BMI to characterize its multipli-
cative effect on absolute plasma BNP levels. Because
of the skewed nature of the BNP distributions and po-
tential violations of assumptions inherent in the least-
squares model, we used multivariable logistic regres-
sion analyses to analyze correlations of normal plasma
BNP levels (BNP<18.4 pg/mL). We estimated odds
ratios for having normal BNP levels according to BMI
category, with lowest BMI individuals as the referent
group. Odds ratios were adjusted for the same covari-
ates used in the linear models.

All data were analyzed with the JMP version 6.0
(SAS Corporation, Cary, NC, USA) statistical soft-
ware package.

Results

Baseline Characteristics

The clinical characteristics of study population
(mean + SDs age 64.5 £ 10.9 years, mean BMI 22.8
+ 3.1 kg/m?, 56.1% women) stratified by BMI cat-
egory are listed in Table 1. Increasing BMI was as-
sociated with an increased likelihood of being men;
higher systolic blood pressure, and lower BNP levels.
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Table 1 Baseline characteristics stratified by BMI: the Suita Study.
BMI<18.5 185 < BMI<22 22 < BMI<25 25 = BMI

(n=139) (1=590) (n=642) (n=388) p value
Age,y 65.6+11.5 642+ 11.5 64.7+10.6 64.0+10.3 0471
Men, % 28.1 353 505 518 <0.001
Smoking (ever), % 88.5 825 72.0 74.7 <0.001
Alcohol (ever), % 97.1 97.5 96.3 97.2 0.658
Hypertension, % 23.7 234 37.1 48.7 <0.001
Diabetes Mellitus, % 43 4.1 89 13.7 <0.001
Dyslipidemia, % 11.5 21.7 263 30.7 <0.001
Left ventricular hypertrophy, % 7.2 10.0 11.4 72 0.119
Height, cm 1572+ 8.0 1573+ 8.0 159.0+£9.3 1587+ 89 0.003
Weight, kg 432%5.1 509+58 59473 68.5+9.4 <0.001
Skinfold thickness, mm 21.1+6.8 26.5+7.5 31389 379+114 <0.001
Body fat mass, kg 79+18 123+£23 16.1+£2.6 22.1+45 <0.001
Lean body mass, kg 35449 386+59 43380 46.4£89 <0.001
Waist circumference, cm 716+5.0 789+53 86.5+5.1 94.6+6.6 <0.001
Systolic blood pressure, mmHg 117 +£21 120+ 18 12519 13119 <0.001
Diastolic blood pressure, mmHg 71411 74+ 10 76+ 10 80+10 <0.001
Pulse rate, bpm 6810 6710 679 6710 0.252
Serum creatinine, mg/dL 0.69+0.21 0.680.17 0.71£0.16 0.72+£0.23 <0.001
Fasting plasma glucose, mg/dL 93+ 18 9415 100 £21 105+22 <0.001
HbAlc, % 5408 53+05 55+0.7 5608 <0.001
Triglyceride, mg/dL 8055 92+ 55 109+ 72 133+£86 0.722
Total cholesterol, mg/dL 208 + 31 210+£32 211433 21132 <0.001
HDL cholesterol, mg/dL 73+£17 64+ 15 59+ 14 54+13 <0.001
BNP, pg/mL 232(14.7,41.8) 18.6(9.0,32.6) 145(7.5,26.0) 13.2(6.4,242) <0.001

Results presented are mean + SD for continuous variables or percentage for categorical variables.

BNP levels are presented as median (25th, 75th percentile).

Comparison of clinical characteristics between patients each BMI category were performed using Kruskal-Wallis test for continuous

data and y’ test for categorical data.

When BNP level was categorized by quartile (data not
shown), increasing BNP levels was associated with an
increased likelihood of being women and older; lower
BM], and pulse rate; an increased likelihood of having
LVH; and higher systolic blood pressure.

Association between BMI and BNP Levels

Results of multivariable regression models are
shown in Table 2. After adjustment for age, systolic
blood pressure, pulse rate, serum creatinine, and LVH,
BMI was inversely associated with plasma BNP lev-
els, with 5% decrease associated with each 1 unit in-
crease in BMI in both sexes (p<0.001 for both). There
was also a progressive decrease in plasma BNP lev-

els with increasing BMI category. In men, high-
est BMI group (BM1 = 25) had 29% lower plasma
BNP levels compared with lowest BMI group (BMI
< 18.5) (<0.001). In women, highest BMI group
(BMI = 25) had 23% lower plasma BNP levels com-
pared with lowest BMI group (BMI < 18.5) (p<0.001).
Multivariable-adjusted mean levels of plasma BNP
were shown in Fig. 1 for each BMI category. For both
sexes, adjusted BNP levels decreased in a stepwise
fashion across categories of increasing BMI (p<0.001
for trend for all comparisons).

For logistic regression analysis, the BNP levels
were considered as a categorical variable, pooling the
subjects into two distinct groups: <18.4 pg/mL (nor-
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used for adjustment are listed in Table 2.

mal) and = 18.4 pg/mL (abnormal); the same covari-
ates were evaluated in these models as in the linear re-
gression models described above. The adjusted odds
ratios of having normal BNP levels are shown in Table
3. After multivariable adjustment, highest BMI (25
kg/m” <BMI) was associated with having a 2.1- to 2.3-
fold increase in the odds of having normal BNP levels
(p<0.001). Overall, for each 1 unit increase in BMI,
there was a 11% to 16% greater chance of having nor-
mal BNP (p<0.01).

Assaciation between Body Composition and BNP
Levels

Results of multivariable regression models relating
plasma BNP levels with various obesity related factors
are shown in Table 4. Model 1 used BMI as a mea-
sure of obesity, and model 2 replaced BMI with per-
cent of body fat. In model 3, percent body fat was re-
placed by body fat mass and lean body mass. Model
4 replaced BMI with skin fold thickness, and Model
5 replaced BMI with waist circumferences. After ad-
justment for the same covariates as in Table 2, in-
verse associations were confirmed between percent
of body fat, body fat mass, skin fold thickness and
waist circumferences and BNP levels in both sexes (all
p<0.01). However, the inverse association with lean
body mass was not significant for BNP (p=0.188 in
men and p=0.079 in women).

Discussion

In the present study, we showed that higher BMI
was significantly associated with lower plasma BNP
levels in a general Japanese population. The finding

B)
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= *p<0.001, **<0.05, compared with BMI<18.5
Jeke
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3 : :
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Adjusted BNP levels stratified by BNP categories. Mean levels and SE of BNP for men (A) and women (B) are shown. Covariates

is not attributable to underlying differences in cardio-
vascular risk factors between obese and non-obese
subjects. We also showed that the inverse association
between body fat mass, skin fold thickness and waist
circumferences and BNP. This is the first report that
analyzes the relations between BNP levels and various
obesity related factors.

Several studies, including large, population-based
cohorts [7, 8], have demonstrated that BMI was in-
versely correlated with BNP levels in patients with
heart failure [9-12]. In the Dallas Heart Study [8],
they focused on the body composition instead of BMI
and showed an inverse association between plasma
BNP and lean mass. However, these studies were
conducted mostly in Western countries, where BMI is
much higher than in other parts of the world.

In this study, where the average BMI levels (around
23 kg/m®) was much lower in comparison with the
general Western population (around 28 kg/m?) [8],
the association between higher BMI and lower BNP
levels was observed after multivariable adjustment.
Furthermore, we divided adiposity into its fat and lean
mass components and found that fat mass was respon-
sible for the association between higher BMI and low-
er BNP levels.

As it was already suggested, the natriuretic pep-
tide system and adiposity are closely linked [18, 19].
Natriuretic peptide clearance receptors (NPR-C) are
abundant in adipose tissue [18], and thus, it is sug-
gested that adipocytes participate in a removal of
BNP from circulation, which leads to the lower plas-
ma BNP levels in obese patients. Furthermore, the
Framingham Heart Study [7] showed that obese in-
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Table 2 Multivariable linear models of plasma log BNP.

Models Men Women
B-coefficient (SE) p value B-coefficient (SE) p value
Continuous BMI, per lkg/m’ -0.022 (0.005) <0.001 -0.021 (0.004) <0.001
BMI categories
BMI < 18.5 Referent - Referent -
18.5sBMI<22 -0.087 (0.033) 0.009 -0.050 (0.019) 0.008
22=BMI<25 -0.122 (0.032) <0.001 -0.109 (0.019) <0.001
25<BMI -0.148 (0.034) <0.001 -0.112 (0.021) <0.001

The multiplicative effect on plasma BNP levels can be estimated by exponentiating the B-coefficient. For instance,
highest BMI (BMI < 25) is associated with a 29% reduction in BNP levels in men, because 10°"¥ = 0.71. All models

are adjusted age, systolic blood pressure, pulse rate, serum creatinine, and left ventricular hypertrophy.

Table 3 Influence of BMI on odds of having normal plasma BNP levels (< 18.4 pg/mL).

Men Women

BMI categories -

Odds ratio (95% CI)  pvalue Odds ratio (95% CI)  pvalue
BMI< 18.5 1.00 (referent) - 1.00 (referent) -
18.5=BMI<22 1.66 (1.10-2.56) 0.019 1.33 (1.03-1.74) 0.033
22=<BMI<25 2.08(1.38-3.19) 0.001 1.99 (1.52-2.63) <0.001
25=BMI 2.25(1.47-3.51) <0.001 2.13(1.59-2.88) <0.001
BMI (continuous), per 1kg/m’ 1.11 (1.04-1.18) 0.001 1.16 (1.11-1.23) <0.001

Multivariable logistic regression models for low BNP levels are adjusted for age, systolic blood pressure, pulse rate,

serum creatinine, and left ventricular hypertrophy.

Table 4 Multivariable associations between obesity related factors and BNP.

Men Women
Models - -
p-coefficient (SE) p value B-coefficient (SE) p value
Model 1
BMI -0.002 (0.005) <0.001 -0.021 (0.004) <0.001
Model 2
Percent of body fat -0.012 (0.003) <0.001 -0.011 (0.002) <(.001
Model 3
Body fat mass -0.014 (0.003) <0.001 -0.013 (0.003) <0.001
Lean body mass 0.004 (0.003) 0.188 0.007 (0.004) -0.079
Model 4
Skinfold thickness -0.007 (0.002) <0.001 -0.004 (0.001) 0.001
Model 5
Waist circumference -0.006 (0.002) <0.001 -0.006 (0.001) <0.001

The multiplicative effect on plasma BNP levels can be estimated by exponentiating the B-coefficient. All models are

adjusted for age, systolic blood pressure, pulse rate, serum creatinine, and left ventricular hypertrophy.
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dividuals had higher odds of having low plasma
N-terminal proANP. In the Dallas Heart Study [8],
the association between higher BMI and lower NT-
proBNP was observed. Since both N-terminal proANP
and N-terminal proBNP are not cleared by clearance
receptors, the findings of reduced N-terminal proANP
levels and N-terminal proBNP levels in obese indi-
viduals indicate the mechanism other than the adipo-
cyte clearance of the peptides exists. Recent inves-
tigations have raised the possibility that the relation
between fat and BNP is bidirectional. Adipocytes also
express natriuretic peptide receptor-A (NPR-A), which
mediate the biologic effects of ANP and BNP [18].
Investigators have demonstrated activation of NPR-A
on adipocytes induces lipolysis [19]. Thus, low BNP
levels may lead to reduced lipolysis, additionally per-
petuating the obese state.

Several limitations of our study deserve comment.
First, since our study was cross-sectional study, we
cannot demonstrate the cause-effect relation between
low plasma BNP and obesity related factors. Second,
plasma BNP levels are under the calculable levels
of the assay detection limits in 9.0% of all subjects.
Misclassification of BNP levels above and below the
detection limit would be expected to cause a conser-
vative bias. To overcome the potential bias, we also
used logistic regression analyses to account for the left
censoring of the BNP distribution. Finally, we cannot
exclude the possibility that obese individuals might
have had better cardiac function. However, since
many previous studies suggest that obesity has been
consistently associated with left ventricular hypertro-

phy [20, 21], dilatation [22] and the increase in the
risk of overt heart failure [23], the possibility is highly
unlikely.

In conclusion, higher BMI was associated with low-
er BNP levels in a general Japanese population, even
after adjusted for relevant factors. Body fat mass was
responsible for this relationship. Further studies will
be needed to explore the underlying mechanism.

Acknowledgement

We thank the mayor of Suita City, the members
of Suita City Health Center, and the Suita Medical
Association. We also thank Dr Yasushi Kotani,
the president of the Suita Medical Association; Dr.
Katsuyuki Kawanishi, the vice-president of the
Suita Medical Association; Dr Akira Okayama, for-
mer director of Preventive cardiology, National
Cardiovascular Center; and Dr Hitonobu Tomoike,
the director of the General of the Hospital, National
Cardiovascular Center, for their support of the Suita
study. We thank all of the researchers and staff of
the Department of Preventive Cardiology for per-
forming medical examinations and follow-up. We
also thank Satsuki-Junyukai, the volunteers involved
in the administration of the Suita Study. This study
was supported in part by The Research Grant for
Cardiovascular Disease 19C-7 from the Japanese
Ministry of Health, Labour and Welfare and by grants-
in-aid from the Japanese Ministry of Health, Labour,
and Welfare (H14-Kouka-027).

References

1. Mukoyama M, Nakao K, Hosoda K, Suga S, Saito
Y, Ogawa Y, Shirakami G, Jougasaki M, Obata K,
Yasue H, ef al. (1991) Brain natriuretic peptide as a
novel cardiac hormone in humans. Evidence for an
exquisite dual natriuretic peptide system, atrial na-
triuretic peptide and brain natriuretic peptide. J Clin
Invest 87: 1402-1412,

2. Nakamura M, Endo H, Nasu M, Arakawa N, Segawa
T, Hiramori K (2002) Value of plasma B type natri-
uretic peptide measurement for heart disease screen-
ing in a Japanese population. Hearr 87: 131-135.

3. Kohno M, Horio T, Yokokawa K, Murakawa X,
Yasunari K, Akioka K, Tahara A, Toda I, Takeuchi K,
Kurihara N, et al. (1992) Brain natriuretic peptide as

a cardiac hormone in essential hypertension. 4m J
Med 92: 29-34.

4. Nishikimi T, Yoshihara F, Morimoto A, Ishikawa K,
Ishimitsu T, Saito Y, Kangawa K, Matsuo H, Omae T,
Matsuoka H (1996) Relationship between left ven-
tricular geometry and natriuretic peptide levels in
essential hypertension. Hypertension 28: 22-30.

5. Inoue S, Murakami Y, Sano K, Katoh H, Shimada T
(2000) Atrium as a source of brain natriuretic poly-
peptide in patients with atrial fibrillation. J Card
Fail 6: 92-96.

6. Buckley MG, Sethi D, Markandu ND, Sagnella GA,
Singer DR, MacGregor GA (1992) Plasma concen-
trations and comparisons of brain natriuretic peptide

— 151 —



10.

11.

12.

14,

BNP and obesity in Japanese

and atrial natriuretic peptide in normal subjects, car-
diac transplant recipients and patients with dialysis-
independent or dialysis-dependent chronic renal fail-
ure. Clin Sci (Lond) 83: 437-444,

Wang TJ, Larson MG, Levy D, Benjamin EJ, Leip
EP, Wilson PW, Vasan RS (2004) Impact of obesi-
ty on plasma natriuretic peptide levels. Circulation
109: 594-600.

Das SR, Drazner MH, Dries DL, Vega GL, Stanek
HG, Abduillah SM, Canham RM, Chung AK,
Leonard D, Wians FH, Jr., de Lemos JA (2005)
Impact of body mass and body composition on cir-
culating levels of natriuretic peptides: results from
the Dallas Heart Study. Circulation 112: 2163-2168.
Horwich TB, Hamilton MA, Fonarow GC (2006)
B-type natriuretic peptide levels in obese patients
with advanced heart failure. J Am Coll Cardiol 47:
85-90.

Mehra MR, Uber PA, Park MH, Scott RL, Ventura
HO, Harris BC, Frohlich ED (2004) Obesity and
suppressed B-type natriuretic peptide levels in heart
failure. J Am Coll Cardiol 43: 1590-1595.

Daniels LB, Clopton P, Bhalla V, Krishnaswamy
P, Nowak RM, McCord J, Hollander JE, Duc P,
Omland T, Storrow AB, Abraham WT, Wu AH, Steg
PG, Westheim A, Knudsen CW, Perez A, Kazanegra
R, Herrmann HC, McCullough PA, Maisel AS
(2006) How obesity affects the cut-points for B-type
natriuretic peptide in the diagnosis of acute heart
failure. Results from the Breathing Not Properly
Multinational Study. Am Heart J 151: 999-1005.
Krauser DG, Lloyd-Jones DM, Chae CU, Cameron
R, Anwaruddin S, Baggish AL, Chen A, Tung R,
Januzzi JL, Jr. (2005) Effect of body mass index
on natriuretic peptide levels in patients with acute
congestive heart failure: a ProBNP Investigation of
Dyspnea in the Emergency Department (PRIDE)
substudy. 4m Heart J 149: 744-750.

Stevens J, Nowicki EM (2003) Body mass index
and mortality in asian populations: implications for
obesity cut-points. Nutr Rev 61: 104-107.
Murakami Y, Hozawa A, Okamura T, Ueshima H
(2008) Relation of blood pressure and all-cause mor-

—152—

15.

16.

17.

18.

20.

21.

22.

23.

733

tality in 180,000 Japanese participants: pooled anal-
ysis of 13 cohort studies. Hypertension 51: 1483-
1491.

Inamoto N, Katsuya T, Kokubo Y, Mannami T, Asai
T, Baba S, Ogata J, Tomoike H, Ogihara T (2003)
Association of methylenetetrahydrofolate reductase
gene polymorphism with carotid atherosclerosis de-
pending on smoking status in a Japanese general
population. Stroke 34: 1628-1633.

Iwai N, Kajimoto K, Kokubo Y, Tomoike H (2006)
Extensive genetic analysis of 10 candidate genes for
hypertension in Japanese. Hypertension 48: 901-
907.

Lukaski HC, Bolonchuk WW, Hall CB, Siders WA
(1986) Validation of tetrapolar bioelectrical imped-
ance method to assess human body composition. J
Appl Physiol 60 1327-1332.

Sarzani R, Dessi-Fulgheri P, Paci VM, Espinosa E,
Rappelli A (1996) Expression of natriuretic pep-
tide receptors in human adipose and other tissues. J
Endocrinol Invest 19: 581-585.

Sengenes C, Berlan M, De Glisezinski 1, Lafontan
M, Galitzky J (2000) Natriuretic peptides: a new li-
polytic pathway in human adipocytes. FASEB J 14:
1345-1351.

Lauer MS, Anderson KM, Kannel WB, Levy D
(1991) The impact of obesity on left ventricular
mass and geometry. The Framingham Heart Study.
JAMA 266: 231-236.

Alpert MA, Lambert CR, Terry BE, Cohen MYV,
Mukerji V, Massey CV, Hashimi MW, Panayiotou H
(1995} Influence of left ventricular mass on left ven-
tricular diastolic filting in normotensive morbid obe-
sity. Am Heart J 130: 1068-1073.

Vasan RS, Larson MG, Benjamin EJ, Evans JC,
Levy D (1997) Left ventricular dilatation and the
risk of congestive heart failure in people without
myocardial infarction. N Engl J Med 336: 1350-
1355.

Kenchaiah S, Evans JC, Levy D, Wilson PW,
Benjamin EJ, Larson MG, Kannel WB, Vasan RS
{2002) Obesity and the risk of heart failure. N Eng/
J Med 347: 305-313.



Hypertension Research (2010) 33, 1238-1243
© 2010 The Japanese Society of Hypertension Al rights reserved 0916-9636/10 $32.00

www.nature.com/hr

ORIGINAL ARTICLE

The combined impact of blood pressure category and
glucose abnormality on the incidence of cardiovascular
diseases in a Japanese urban cohort: the Suita Study

Yoshihiro Kokubo!, Tomonori Okamura', Makoto Watanabe!, Aya Higashiyama!, Yuu Ono!,
Yoshihiro Miyamoto?, Yoko Furukawa'-?, Kei Kamide*, Katsuyuki Kawanishié, Akira Okayama’
and Yasunao Yoshimasa?®

Few prospective studies have examined the combined impact of blood pressure (BP) categories and glucose abnormalities on
the incidence of cardiovascular disease (CVD) in the general Asian population. This study aimed to examine the effect of the
combined risks of these factors on the incidence of CVD in a general Japanese population. We studied 5321 Japanese
individuals (aged 30-79 years), without CVD at baseline, who received follow-up for an average of 11.7 years. Serum fasting
glucose categories were defined according to the 2003 American Diabetes Association recommendations. BP categories were
defined by the 2009 Japanese Society of Hypertension Guidelines for the Management of Hypertension. The Cox proportional
hazard ratios (HRs) for CVD according to the serum glucose and BP categories were calculated. In 62 036 person-years of
follow-up, we documented 364 CVD events (198 stroke and 166 coronary heart disease (CHD)). Compared with normoglycemic
subjects, the multivariable HRs (95% confidence intervals (Cls)) for CVD, CHD and stroke were 1.25 (1.00-1.58), 1.46
(1.04-2.04) and 1.11 (0.81-1.52), respectively, in individuals with impaired fasting glucose (IFG), whereas these values were
2.13 (1.50-3.03), 2.28 (1.34-3.88) and 2.08 (1.29-3.35), respectively, in individuals with diabetes mellitus (DM). Compared
with normoglycemic and optimal blood pressure (BP) subjects, increased risks of CVD were observed in the normoglycemic
subjects with high-normal BP or hypertension, the IFG subjects with normal or higher BP, and the DM subjects regardless of BP

category (P-value for interaction=0.046). In conclusion, the high-normal BP subjects in all glucose categories and the normal
BP subjects with IFG showed increased risk of CVD in this Japanese population. Further investigation of larger cohorts of DM
subjects should be conducted to better understand this phenomenon.

Hypertension Research (2010} 33, 1238-1243; doi:10.1038/hr.2010.174; published online 7 October 2010
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INTRODUCTION

Hypertension is one of the strongest risk factors for increased
incidence of cardiovascular disease (CVD) worldwide.!> Recently,
high-normal blood pressure (BP)!? and prehypertension® have also
been recognized as risk factors for CVD.4® Increased BP is the most
likely precipitator of CVD and stroke.>”*# Furthermore, the prevalence
of glucose intolerance and obesity has increased greatly in recent
years.>10 Diabetes mellitus (DM) has become a major public health
problem!2 as well as a risk factor for all-cause mortality!!
and CVD.!013-15 Recently, prediabetic hyperglycemia has been recog-
nized to confer an increased risk for CVD.'® However, a few popula-
tion studies'” have reported a positive association between CVD
and impaired fasting glucose (defined as blood glucose of

5.6-6.9 mmol1~! according to the 2003 American Diabetes Associa-
tion definition).!8

Evaluation of the combined impact of these two major borderline
risk factors is essential in preventing CVD because elevated BP is the
highest population attributable fraction (PAF) of CVD incidence, and
the incidence of hyperglycemia is increasing in Asian and Western
countries. There have been a few population studies on the association
between the occurrence of hypertension together with DM and the
risk of stroke!*2! and coronary heart disease (CHD).2? However, few
population cohort studies have evaluated the impact of the combina-
tion of BP categories (optimal BP, normal BP, high-normal BP (or
prehypertension) and hypertension) and fasting glucose categories
{normoglycemia, impaired fasting glucose (IFG) and DM) on the risk
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of CVD. Thus, the aim of this study was to examine the combined
impact of BP categories and blood glucose abnormalities on the
incidence of CVD in a general urban Japanese population.

METHODS

Study subjects

The Suita Study, a cohort study for CVD in urban residents, was established in
1989, The details of this study have been described elsewhere. 3232 Briefly,
6485 individuals (aged 30 to 79 years) underwent regular health checkups
between September 1989 and March 1994. Some cohort members were
excluded for the following reasons: past or present history of CVD at baseline
(n=208); missing data (n=170); nonfasting blood collections (n=173); or lost
from follow-up (n=613). After applying these exclusions, a total of 5321
subjects (aged 30 to 79 years) participated in the baseline examination.
Informed consent was obtained from all participants. This study was approved
by the institutional review board of the National Cardiovascular Center.

Measurement of BP and fasting glucose

Measurement of BP has been described elsewhere In brief, well-trained
physicians measured the BP of each individual three times in a seated position
using a mercury column sphygmomanometer, an appropriately sized cuff and a
standard protocol. Before the initial BP reading was obtained, participants were
seated at rest for at least Smin. Systolic {SBP) and diastolic (DBP) blood
pressures were recorded as the average of the second and third measurements,
which were taken more than 1 min apart.

At the time of the baseline examination, subjects were classified into one of
the following BP categories based on the 2009 Japanese Society of Hypertension
Guidelines for the Management of Hypertension:? optimal BP (SBP,
<120mmHg and DBP, <80 mm Hg); normal BP (SBP, 120 to 129mm Hg
and DBP, 80 to 84 mm Hg); high-normal BP (SBP, 130 to 139 mm Hg and DBP,
85 to 89 mm Hg); and hypertension {SBP, > 140 mm Hg or DBP, >90 mm Hg
or antihypertensive drug use). If the SBP and DBP readings for a subject were in
different categories, then the subject was categorized into the higher of the two
categories.

We performed routine fasting blood collection and immediately measured
serum glucose and total cholesterol levels using the same autoanalyzer (Toshiba
TBA-80, Toshiba, Tokyo, Japan). Fasting serum glucose categories were defined
as follows:'8 DM (fasting serum glucose 7.0 mmol1™! (126 mg per 100 ml) or
medications for DM); IFG (fasting serum glucose levels 5.6 to 6.9 mmoll~!
(100 to 125 mg per 100 ml)); and normoglycemia (fasting serum glucose levels
<5.6 mmoll~! (<100 mg per 100 ml)). Hypercholesterolemia was defined as
total serum cholesterol levels 5.7 mmol1~! (220 mg per 100ml) or current
use of antihyperlipidemic medications. Physicians or nurses administered
questionnaires addressing personal habits and present illness at the baseline
examination, Body mass index was calculated as weight (kg) divided by height
(m) squared.

Confirmation of stroke and coronary heart disease and end point
determination

Medical records were reviewed by registered hospital physicians or research
physicians who were blinded to the baseline data. Strokes were defined
according to the US National Survey of Stroke criteria.®® For each stroke
subtype (that is, cerebral infarction (thrombotic or embolic infarction),
intracerebral hemorrhage and subarachnoid hemorrhage), a definite diagnosis
was established based on examination of computed tomographic scans,
magnetic resonance images or autopsies. Definite and probable myocardial
infarctions were defined according to the criteria set out by the MONICA
project3! The criteria for a diagnosis of CHD included first ever acute
myocardial infarction, sudden cardiac death within 24h after the onset of
acute illness or coronary artery disease followed by coronary artery bypass
surgery or angioplasty. In this study, CVD was defined as stroke or CHD.

To detect CHD and stroke occurrences, each participant’s health status
was checked during clinical visits to the National Cardiovascular Center
every 2 years. Yearly questionnaires by mail or telephone were also completed
by all participants. In addition, to complete our surveillance for fatal strokes

impact of blood pressure and glucose on CVD
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and CHD, we conducted a systematic search for death certificates. All data
were checked against medical records to confirm the incidence of CVD, When
informed consent could not be obtained for a medical records survey (19.5%),
we identified possible strokes or CHD using information from (1) question-
naires for present illness of stroke and CHD at the health examination
and/or (2) death certificates bearing a diagnosis of probable stroke or CHD.
The end point of the follow-up period for each participant was, whichever of
the following options occurred first: (1) date of the first diagnosis of CHD
or stroke event; (2) date of death; (3) date of leaving Suita; or (4) 31 December,
2005.

Statistical analysis
Analyses of variance and y*-tests were used to compare mean values and
frequencies. The Cox proportional hazard ratios (HRs) and 95% confidence
intervals {95% Cls) were fitted to each glucose category (normoglycemia, IFG
and DM) after adjusting for sex and age in 5-year increments as stratified
variables and other potential confounding factors at baseline, including BP
category (optimal, normal, and high-normal BP and hypertension), hyperch-
olesterolernia (positive or negative), body mass index (continuous variable),
smoking status {never, ex-smoker and current smoker) and drinking status
(never, ex-drinker and current drinker). Test for effect modification by glucose
category was conducted with an interaction term generated by multiplying
BP category by glucose category. We conducted tests for trend across the
BP categories and tested the significance of this variable.

To express the combined impact of glucose and BP categories on the
incidence of CVD in these participants, we estimated the PAF as follows:

PAF = Pex(HR — 1)/HR,
where Pe is the proportion of incident cases in the combination of glucose and
BP categories, and HR is the multivariable-adjusted hazard ratio? All
statistical analyses were conducted using the SAS statistical software package
(release version 8.2; SAS Institute, Cary, NC, USA).

RESULTS

The frequencies of [FG and DM increased with age in both men and
women (Figure 1). Table 1 shows the distribution of CVD risk factors
at baseline according to fasting glucose categories at baseline. Both
men and women with DM were older and had a higher body mass
index as well as a higher prevalence of hypertension, hypercholester-
olemia and medication for hypertension than those without DM. Men
with DM had a lower frequency of never drinking than men without DM.

In 62036 person-years of follow-up (an average of 11.7 years of
follow-up), we documented 364 CVD (198 strokes and 166 CHD)
events. Table 2 shows the age- and sex-adjusted HRs and multi-
variable-adjusted HRs for incidence of CVD according to glucose
categories in men and women. Compared with normoglycemic
subjects, the multivariable HRs (95% Cls) for CVD, CHD and stroke
were 1.25 (1.00-1.58), 1.46 (1.04-2.04) and 1.11 {0.81-1.52), respec-
tively in IFG subjects, whereas these values were 2.13 (1.50-3.03), 2.28
(1.34-3.88) and 2.08 (1.29-3.35), respectively in DM subjects. Com-
pared with normoglycemic subjects, IFG and DM were risk factors for
CVD and CHD in women, and DM was a risk factor for CVD and
stroke in men.

Figure 2 shows the multivariable HRs of CVD for the combined
impact of the fasting glucose and BP categories. Compared with
normoglycemic subjects with optimal BP, the following groups
showed increased risk of CVD: the normoglycemic subjects with
high-normal BP or hypertension (P-value for trend of BP cate-
gory<0.001); the IFG subjects with normal or higher BP (P-value
for trend of BP category=0.001); and the DM subjects in any BP
category (P-value for trend of BP category=0.41). After excluding
subjects taking diabetic medication, the P-value for the BP category
trend was not statistically significant in the DM subjects.
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