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methods are reliable but often difficult to perform. They are
recommended depending on the patients’ cooperativeness
and the facility’s competence and are suited for facilities spe-
cializing in hypertension.

2) Estimation of the Na excretion from the Na/Cr ratio in
spot urine: This method is less reliable, but it is easy to per-
form and is considered to be practical. Since the daily Cr
excretion of Japanese is about | g (about 10 mmol) (/0), salt
intake is estimated to be about 6 g if the Na excretion per
gram of Cr is 100 mmol. Therefore, this method is considered
to be useful for salt reduction guidance. However, the urinary
Cr excretion varies considerably according to the physique,
age, and gender of patients. Therefore, note that true salt
intake is lower in small females and higher in large males than
the value estimated from the Na/Cr ratio. Overnight urine
(nighttime urine) may also be used. The reliability can be
increased by the use of a calculation formula (Tables 2—4).

3) Estimation using an electronic salt sensor equipped with
a calculation formula in early morning urine (overnight
urine): Although this method is less reliable, it can be recom-
mended, because it is simple and can be performed by the
patients themselves. However, the patient must purchase a
salt sensor, or the medical facility must lend one to the
patient, for home monitoring.

According to the guidelines for lifestyle modifications in
the management of hypertension, the patient is considered to
be compliant with the salt restriction regimen if the salt intake
measured by whichever method is less than 6 g (100 mmol
Na)/day and not if it is higher.

Conclusions

Although there are several methods for the assessment of salt
intake, the precise determination of salt intake in individual
patients is difficult. Reliable methods are difficult to perform,
and simpler methods are less reliable. However, the assess-
ment of salt intake is strongly recommended, because it is
useful for informing patients of their salt intake and conduct-
ing salt restriction.

In the management of hypertension, it is desirable to assess
salt intake by one of the following three methods whenever
possible: 1) Measurement of the Na excretion in 24-h pooled
urine or a nutritionist’s analysis of the dietary contents:
Although these are desirable methods because of their reli-
ability, they are difficult to perform and are suited for facili-
ties specializing in hypertension. 2) Estimation of the Na
excretion from the Na/Cr ratio in spot urine: This is a less reli-
able but practical method and is suited for general medical
facilities. Overnight urine (nighttime urine) may also be used,
and the reliability is increased by the use of a calculation for-
mula. 3) Estimation using an electronic salt sensor equipped
with a calculation formula in overnight urine: While this
method is less reliable, it can be recommended, because it is
simple and can be performed by the patients themselves. The
patient is judged to be compliant with the salt restriction reg-

imen if salt intake (excretion) estimated by any of the meth-
ods is less than 6 g (100 mmol)/day but not if it is higher.

References

1. Japanese Society of Hypertension: Japanese Society of
Hypertension Guidelines for the Management of Hyperten-
sion (JSH 2004). Hypertens Res 2006; 29 (Suppl): S1-
S105.

2. Lifestyle-Related Disease Control Section, General Affairs
Division, Health Bureau, Ministry of Health, Labor and
Welfare: An Outline of the Results of the 2004 National
Health and Nutrition Survey (in Japanese). hup:/
www.mhlw.go.jp/houdou/2006/05/h0508- 1 a.htmi

3. Guidelines Subcommittee: 1999 World Health Organiza-
tion—International Society of Hypertension Guidelines for
the management of hypertension. J Hypertens 1999; 17:
151-183.

4. Kawano Y, Tsuchihashi T, Matsuura H, Ando K, Fujita T,
Ueshima H: Assessment of salt intake in the management of
hypertension, in Report of the Working Group for Dietary
Salt Reduction of the Japanese Society of Hypertension.
Tokyo, Japanese Society of Hypertension, 2006, pp 13-23
(in Japanese).

5. Liu K, Cooper R, McKeever J, et al: Assessment of the
association between habitual salt intake and high blood
pressure: methodological problems. Am J Epidemiol 1979;
110: 219-226.

6. Saito T, Shimizu A, Hokimoto S, er al: Salt intake of the
Japanese. J Kyoto Women's Univ Food Sci Soc 1995; 50:
20-27 (in Japanese).

7. Yoshita K, Miura K, Okayama A, et al: A validation study
on food composition tables for the international cooperative
INTERMAP study in Japan. Environ Health Prev Med
2005; 10: 150~156.

8. Takagi H, Kaneko S, Saeki K, et al: Estimation of salt
intake using a questionnaire. J Health Human Ecol 1993;
59: 113-122 (in Japanese).

9. Fukumoto T, Ueno M. Haga K, er al: Estimation of salt
intake at home. Lecture Summaries at the 55th Conference
of the Japanese Society of Nutrition and Food Science.
Tokyo, Japanese Society of Nutrition and Food Science,
2001, p 212 (in Japanese).

10. Intersalt Cooperative Research Group: Intersalt: an interna-
tional study of electrolyte excretion and blood pressure.
Results for 24 hour urinary sodium and potassium excre-
tion. BMJ 1998; 297: 319-328.

11. Yamori Y, Nara Y, Kihara M, et al: Simple method for
sampling consecutive 24-hour urine for epidemiological
and clinical studies. Clin Exp Hypertens 1984; 6: 1161-
1167.

12. Luft FC, Fineberg NS, Sloan RS: Estimating dietary sodium
intake in individuals receiving a randomly fluctuating
intake. Hypertension 1982; 4: 805-808.

13. Sakai H, Ikeda T, Saito H: Effects of seasons and perspira-
tion on Na and protein intake and their daily urinary excre-
tion. Jpn J Public Health 1989; 36: 309-315 (in Japanese).

14. Liu K, Dyer AR, Cooper RS, et al: Can overnight urine
replace 24-hour urine collection to assess salt intake?

— 118 —



Hypertension 1979; 1: 529-536.

. Tsai TJ, Chen YM. Hsieh BS. er al: Comparison between

spot urine and overnight urine in the estimation of 24-hour
excretion of urine protein, sodium and Kallikrein. J Formos
Med Assoc 1991; 90: 755-759.

. Kawano Y. Kawasaki T. Kawazoe N, e7 al: Circadian varia-

tions of urinary dopamine. norepinephrine. epinephrine and
sodium in normotensive and hypertensive subjects. Neph-
ron 1990: 55: 277-282.

. Staessen J. Broughton PMG. Fletcher AE, er al: The assess-

ment of the relationship between blood pressure and sodium
intake using whole-day, daytime and overnight urine collec-
tions. J Hypertens 1991: 9: 1035-1040.

- Kamata K, Tochikubo O: Estimation of 24-h urinary

sodium excretion using lean body mass and overnight urine
collected by a pipe-sampling method. J Hypertens 2002: 20:
2191-2197.

- Kawasaki T, Itoh K, Uezono K. er al: A simple method for

estimating 24 h urinary sodium and potassium excretion
from second morning voiding urine specimen in adults. Clin

3]
18]

Kawano et al: Assessment of Salt Intake 893

Exp Pharmacol Physiol 1993; 20: 7-14.

- Milne FJ, Gear JSS. Laidley L. et al: Spot urinary electro-

lyte concentrations and 24 hour excretion. Lancer 1980: 2:
1135.

. Tanaka T. Okamura T, Miura K. er al: A simple method to

estimate populational 24-h urinary sodium and potassium
excretion using a casual urine specimen. J Hum Hypertens
2002: 16: 97-103.

- Luft FC, Aronoff GR. Sloan RS, er al: The efficacy of quan-

titative and qualitative chloride titrators in the estimation of
human salt intake. Klin Wochenschr 1985: 63: 62-67.

23. Tabata S, Onishi T. Nakamura H. er al: Evaluation of the

— 119 —

measurement of the urinary salt concentration using Salt
Paper in health screening. Hokuriki J Public Health 1987,
14: 42-46 (in Japanese).

- Yamasue K. Tochikubo O, Kono E, et al: Self-monitoring

of home blood pressure with estimation of daily salt intake
using a new electrical device. J Hum Hypertens 2006; 20:
593-598.



Joumal of Human Hypertension (2007) 21, 212-219
© 2007 Nature Publishing Group Al rights reserved 0950-9240/07 $30.00

www.nature.com/jhh

ORIGINAL ARTICLE

Reverse white-coat effect as an
independent risk for left ventricular
concentric hypertrophy in patients with
treated essential hypertension
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Recent studies have shown that the converse phenom-
enon of white-coat hypertension called ‘reverse
white-coat hypertension’ or ‘masked hypertension’ is
associated with poor cardiovascular prognosis. We
assessed the hypothesis that this phenomenon may
specifically influence left ventricular (LV) structure in
treated hypertensive patients. A total of 272 outpatients
(mean age, 65 years) with chronically treated essential
hypertension and without remarkable white-coat effect
were enrolled. Patients were classified into two groups
according to office and daytime ambulatory systolic
blood pressure (SBP); that is subjects without (Group 1:
office SBP >daytime SBP, n=149) and with reverse
white-coat effect (Group 2: office SBP <daytime SBP,
n=123). LV mass index and relative wall thickness were
echocardiographically determined. In all subjects, LV
mass index and relative wall thickness were positively
correlated with daytime and 24-h SBP, but not with

office SBP. In addition, these two indices were inversely
correlated with office - daytime SBP difference. LV mass
index (136+31 and 115+28g/m?, mean+s.d.) and
relative wall thickness (0.49-+0.09 and 0.46 + 0.07) were
significantly greater in Group 2 than in Group 1. As for
LV geometric patterns, Group 2 had a significantly
higher rate of concentric hypertrophy compared with
Group 1 (48 and 28%). Multivariate analyses revealed
that the presence of reverse white-coat effect was a
predictor for LV concentric hypertrophy, independent
of age, sex, hypertension duration, antihypertensive
treatment and ambulatory blood pressure levels.
Our findings demonstrate that reverse white-coat effect
is an independent risk factor for LV hypertrophy,
especially concentric hypertrophy, in treated hyper-
tensive patients.
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Introduction

Ambulatory blood pressure (BP) is an important
determinant of target organ damage and a significant
predictor for cardiovascular morbidity and mortality
in hypertensive patients.”® There is often a dis-
crepancy between office and ambulatory BPs, such
as white-coat hypertension, a normal ambulatory
but elevated office BP. On the other hand, the
converse phenomenon of white-coat hypertension
called ‘reverse white-coat hypertension’ or ‘masked
hypertension’, that is, a high ambulatory but normal
(or well-controlled) office BP, has received little
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attention.” Whereas, some studies have revealed that
the proportion of subjects with reverse white-coat
condition reaches 20—40% of the general population
and hypertensives.®® In treated hypertensive patients
with this phenomenon, particularly, the chance of
active and sufficient antihypertensive treatment may
be lost by an apparent well-controlled BP in the
office. Recent studies suggested that an elevated
ambulatory or home BP despite a well-controlled
office BP is associated with poor cardiovascular
prognosis in treated hypertensive patients.*®'* How-
ever, it remains unclear what mechanism is involved
in the association of reverse white-coat phenomenon
with cardiovascular prognosis.

Left ventricular hypertrophy (LVH), which is a
common cardiac consequence of hypertension, is
well known to be an independent risk factor
for cardiovascular complications and death.'**?
In addition, left ventricular (LV) morphologic



alteration in hypertensive patients is not uniform,
and concentric hypertrophy among various LV
geometric patterns is shown to be most closely
related to poor cardiovascular prognosis.™

Thus, we hypothesized that the presence of
reverse white-coat effect may promote LV hyper-
trophy, especially concentric hypertrophy, in treated
hypertension. To assess the hypothesis, the present
study investigated the influence of reverse white-
coat effect on LV mass and geometry in treated
hypertensive patients.

Methods

Subjects
From consecutive patients with essential hyperten-
sion who were chronically treated and underwent
a 24-h ambulatory BP monitoring at an outpatient
clinic of our hospital between May 2000 and
December 2003, 272 subjects (142 men and 130
women; mean age, 65 years) in whom satisfactory
echocardiographic data were simultaneously ob-
tained were enrolled in the present study. Patients
with secondary hypertension, -stroke, ischaemic
heart disease including myocardial infarction, con-
gestive heart failure, renal failure (serum creatinine
>160 umol/l) or poorly controlled (haemoglobin
Alc >8.0%) or insulin-treated diabetes mellitus
were excluded from this study. Individuals with a
remarkable white-coat effect (described below) were
also excluded. Diabetes mellitus was diagnosed
according to the American Diabetes Association
criteria, such as a fasting plasma glucose of
>7.0mmol/l and/or a plasma glucose level at 2h
after a 75-g oral glucose load of >11.1 mmol/l, or
when medication was taken for treatment of hyper-
glycaemia. A diagnosis of hyperlipidemia required a
serum total cholesterol level of »5.69 mmol/l and/or
a serum triglyceride level of >1.69 mmol/l or the
use of lipid-lowering drugs, according to the Japan
Atherosclerosis Society guidelines.™

All patients had taken antihypertensive drugs for
at least 1 year (average, 12 years). One hundred and
ninety-five patients (72%) were treated with Ca
channel blockers, 140 (51%) with renin angiotensin
systemn inhibitors (i.e., angiotensin II receptor block-
ers and angiotensin converting enzyme inhibitors),
82 (30%) with fB-blockers, 53 (19%) with diuretics
and 29 (11%) with other classes of agents. All
subjects gave their informed consent to participate
in the present study. All procedures of the present
study were carried out in accordance with institu-
tional and national ethical guidelines for human
studies.

Measurement of BP

In each visit, office BP was measured twice by a
physician in a hospital outpatient clinic with the
patient in a sitting position after over 20 min of rest,
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using an appropriate-size cuff on the left arm and
mercury sphygmomanometer. The first and fifth
Korotkoff sounds were used to identify systolic and
diastolic values, respectively, and measurements
were taken to the nearest 2 mmHg. Office BP was
determined by averaging six measurements taken on
three separate occasions during a 3-month period.
In the same study period, all subjects underwent
24-h ambulatory BP monitoring. BP was measured
every 30min during the day and night by the
oscillometric method using an automatic monitoring
device (TM-2421, A&D Co Ltd, Tokyo, Japan).'® The
accuracy and performance of this device have
been demonstrated previously.'® The patients
were instructed to carry on with their normal daily
activities during measurements and note their
activity and location in a diary. According to the
diary, daytime and night time were determined as
the waking and sleeping periods of the patient,
respectively, and mean values of daytime, night
time and 24-h BP (systolic and diastolic} were
calculated. Nocturnal BP dipping was determined
as 100 x (daytime BP—night time BP)/daytime BP.
In the present study, all subjects were classified
into two groups by the difference between office and
daytime ambulatory systolic BP levels; that is,
subjects without reverse white-coat effect (Group 1:
office systolic BP>daytime systolic BP, and office
systolic BP—daytime systolic BP <20 mmHg) and
with reverse white-coat effect (Group 2: office
systolic BP<daytime systolic BP). Subjects with
a. remarkable white-coat effect (office systolic

‘BP—daytime systolic BP >20mmHg) were ex-

cluded from the study.

Echocardiography

A comprehensive 2-dimensional and M-mode echo-
cardiography was performed using a cardiac ultra-
sound unit (Sonos 5500, Philips Medical Systems,
Andover, MA, USA) as described previously.'”
Echocardiographic parameters were measured by
the consensus of two experienced investigators who
were blinded to the clinical data including office
and ambulatory BP of the subjects. Interventricular
septal thickness (IVSTd), posterior wall thickness
(PWTd), LV diameter at end-diastole (LVDd), and LV
diameter at end-systole (LVDs) were measured
according to the American Society of Echocardio-
graphy recommendations.'®'¥ Fractional shortening
was calculated as 100 x (LVDd-LVDs)/LVDd. Rela-
tive wall thickness (RWT) was calculated as
(IVSTd + PWTd)/LVDd. LV mass was estimated
using the formula validated by Devereux and
Reichek*’: LV mass (g)=1.04 x {{(IVSTd +PWTd +
LvVDd)*~LVDd"}-13.6. LV mass was normalized for
body surface area and expressed as the LV mass
index (LVMI). LVH was defined as a LVMI of
>125g/m? in men and 110g/m* in women.*! The
intra-observer and inter-observer coefficients of
variation of LVMI were 6.7 and 9.8%, respectively.

Journal of Human Hypertension

— 122 —



Reverse white-coat hypertension and cardiac hypertrophy
M Tomiyama et a/

The geometry of LV was stratified into four
different patterns according to the values of LVMI
(< or >125/110g/m”, men/women) and RWT (< or
>0.44). Patients with increased LVMI and increased
RWT were considered to have concentric hyper-
trophy. and those with increased LVMI and normal
RWT were considered to have eccentric hyper-
trophy. Those with normal LVMI and increased or
normal RWT were considered to have concentric
remodelling or normal geometry, respectively.

Biochemical measurement

Blood samples were obtained in the morning after
an overnight fast. Total cholesterol, triglycerides,
fasting plasma glucose, haemoglobin A1lc and serum
creatinine levels were determined by standard
laboratory measurements. Creatinine clearance was
calculated from the Cockcroft-Gault formula.**

Statistical analysis

Statistical analysis was performed using StatView
Version 5 Software (Abacus Concepts Inc., Berkeley,
CA, USA). Values are expressed as the mean+s.d.
Simple correlations between variables were assessed
using univariate linear regression analyses and
Pearson’s correlation coefficient. An unpaired Stu-
dent’s t-test was used for comparison between the
two groups. The significance of differences among
the three groups was evaluated by an unpaired
ANOVA with subsequent Fisher’s multiple compar-
ison test. A multiple logistic regression analysis was
performed to identify independent determinants of
LV mass increase and concentric hypertrophy. A
value of P<0.05 was accepted as statistically
significant.

Results

Simple correlations of office and ambulatory BP
levels with two indices of LV structural changes,

LVMI and RWT, in all subjects are shown in Table 1.
Office systolic or diastolic BP had no correlation
with either LVMI or RWT. In contrast, LVMI and
RWT were positively correlated with daytime and
24-h systolic BPs, and LVMI was also correlated
with night time systolic BP. In addition, these two
indices were significantly correlated with the
difference between office BP and daytime BP. As
shown in Figure 1, LVMI had a close negative
correlation with office—daytime systolic BP differ-
ence (r=-0.377, P<0.001). RWT were also inver-
sely correlated with office—daytime systolic BP
difference (r=-0.170, P=0.005). These results
suggested that reverse white-coat effect was signifi-
cantly associated with increases in LVMI and RWT.

Clinical characteristics of the two subject groups
classified according to the difference between office
and daytime ambulatory systolic BP levels are
summarized in Table 2. One hundred and twenty-
three (45%) patients were identified as having
reverse white-coat effect (Group 2), and the other
149 (55%) patients belonged to Group 1. The
proportion of men and the rate of habitual drinkers

Table 1 Correlation of office and ambulatorv blood pressure with
left ventricular structure in all subjects

LVMI RWT

r P r P

Office systolic BP 0.039 0.526 0.014 0.816
Office diastolic BP -0.124  0.053 -0.040 0.508
Davtime systolic BP 0.290 <0.001 0.173 0.004
Daytime diastolic BP 0.020 0.742  0.100 0.099
Night time systolic BP 0.318 <0.001 0.113 0.062
Night time diastolic BP 0.099 0.104 0.078 0.198
24-h systolic BP 0.325 <0.001 0.158 0.009
24-h diastolic BP 0.051 0.398 0.096 0.113
(Office — daytime) systolic BP  -0.377 <0.001 -0.170 0.005
(Office — daytime) diastolic BP -0.211 <0.001 -0.147 0.015

Abbreviations: BP. blood pressure; LVMI, left ventricular mass index:
RWT. relative wall thickness.
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Figure 1 Correlation of the difference between office and davtime svstolic BP levels with LVMI (a. r=-0.377. P<0.001) and RWT

(b. r=-0.170. P=0.0035) in all subjects.
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Table 2 Clinical characteristics of two study groups
Group 1 (n=149] Group 2.(n=123) P

Age (years) 65.8+9.1 65.1+11.0 0.593
Sex (male) (%) 41.6 65.0 <0.001
Body mass index (kg/m*) 24.2+2.9 24.7+4.0 0.182
Duration of hypertension {years) 17.6 +10.8 17.8£11.0 0.850
Diabetes mellitus (%) 19.5 23.6 0.412
Hyperlipidemia (%) 64.9 66.1 0.831
Current smoking (%) 15.6 21.1 0.235
Habitual drinking (%) 50.7 63.6 0.033
Creatinine clearance (ml/min} 81.5+24.8 85.1+32.8 0.297
Fasting plasma glucose (mmol/1) 5.7+1.2 5.8+1.1 0.486
Hemoglobin Alc (%) 5.6+0.8 5.7+0.7 0.257
Total cholesterol (mmol/1) 5.3+0.8 5.2+0.7 0.576
Triglycerides (mmol/l) 1.440.7 1.5+0.8 0.126
Antihypertensive treatment

Period of medication (vears) 12.4+9.3 11.7+9.1 0.497

Ca channel blockers (%) 71.8 71.5 0.961

RAS inhibitors (%) 49.7 53.7 0.514

S-Blockers (%) 28.2 32.5 0.440

Diuretics (%) 16.8 22.8 0.216

Others (%) 9.4 12.2 0.458

Total number of classes 1.84+0.9 1.940.9 0.141
Office systolic BP (mm Hg}) 145.6+12.7 133.8+11.6 <0.001
Office diastolic BP (mm Hg) 83.4+9.9 78.8+10.0 <0.001
Daytime systolic BP (mm Hg) 136.5+12.6 145.1+11.9 <0.001
Daytime diastolic BP (mm Hg) 80.1+9.3 84.8+11.5 <0.001
Night time systolic BP (mm Hg) 126.8+14.9 134.1+£15.8 <0.001
Night time diastolic BP (mm Hg) 73.1+9.5 76.9+11.1 0.002
24-h systolic BP (mm Hg) 134.04£12.3 141.6+12.2 <0.001
24-h diastolic BP (mm Hg) 78.2+9.0 82.3+10.5 <0.001
Nocturnal systolic BP dipping (%) 7.1+8.0 7.6+8.0 0.572
Nocturnal diastolic BP dipping (%) 8.5+8.4 9.018.5 0.671

Abbreviations: BP. blood pressure; RAS. renin angiotensin system.
RAS inhibitors represent angiotensin II receptor blockers and angiotensin converting enzvme inhibitors. Values are mean +s.d. or percentage.

were significantly higher in Group 2 than in Group
1. Age, body mass index, hypertension duration, the
prevalence of diabetes mellitus and hyperlipidemia,

Table 3 Comparison of ecchocardiographic parameters between
the two groups

the rate of current smokers, renal function and (ﬁ’i‘;ﬁg‘, (ﬁlzufi?f) P
glucose and lipid parameters did not differ between
the two groups. In addition, there were no inter-  (ystd (mm) 10.3+1.5 11.4+41.9  <0.001
group differences in the period of medication, the = PWTd {mm) 103+14  111+15  <0.001
use of any class of antihypertensive agent and the  LVDd (mm) 44.8+4.5 46.8£4.2  <0.001
total number of classes of antihypertensive drugs. LVDs (mm) , 26.5£49 277446 0.037
Office and ambulatory BP levels had clear differ- E{,al\f[lf?:f]r}ﬁ)hmemg (%) 1;‘;';?_;‘;3 Ségfg’gs <8:gé?
ences between the two groups. That is, Group 2 had RWT 0461007  0.49+0.09 0.010
significantly lower office systolic and diastolic BPs  Prevalence of LVH (%) 41.6 65.9 <0.001

than Group 1, but daytime, night time, and average
24-h ambulatory BPs in Group 2 were significantly
elevated compared with those in Group 1. The
degree of nocturnal BP dipping, an index of
circadian BP variation, did not differ between the
two groups.

The comparison of echocardiographic parameters
between the two groups is shown in Table 3. Group

Abbreviations: IVSTd, interventricular septal thickness at end-
diastole: LVDd. left ventricular diameter at end-diastole: LVDs, left
ventricular diameter at end-systole: LVML. left ventricular mass index;
LVH, left ventricular hypertrophy: PWTd, posterior wall thickness at
end-diastole; RWT. relative wall thickness.

LVH is defined as LVMI of 2125 g/m* in men and 110g/m* in women.
Values are mean £s.d. or percentage.

2 had a significantly greater LVMI than Group 1,
resulting from more increased LV wall thickness and
internal dimension. RWT was also significantly
increased in Group 2 compared with Group 1. In
addition, the prevalence of LVH, defined as an
increased LVMI by sex, was significantly higher in

Group 2. There was no difference in fractional
shortening between the two groups.

To assess the impact of reverse white-coat effect
on LVH, Group 2 was divided into two sub-groups
by the extent of its phenomenon. As shown in
Figure 2, both LVMI and prevalence of LVH were

Journal of Human Hypertension

— 124 —



npgj

Reverse white-coat hypertension and cardiac hypertrophy
M Tomiyama ef a/

216

a P<0.001
T p<0.001 P<0.05
175 4 ] 17 1

150 N | l

1

125 +

100

LVMI (g/m2)

~
“n
1

S0

None Mild Severe
Reverse white-coat effect

Group 1 Group 2

b P<0.001
T p<0.05 P<0.05 |
80 i T 1
=
< 60
>
-
B
S 40+
[3)
[=4
]
f:
3 201
a

None Mild

Severe
Reverse white-coat effect
Group 1 Group 2

Figure 2 Comparison of LVMI (a) and prevalence of LVH (b) among the three groups classified by the extent of reverse white-coat effect.

" None, office systolic BP > daytime systolic BP (i.e., Group 1, n = 149); Mild, office systolic BP < daytime systolic BP, but daytime systolic

BP—office systolic BP <10 mm Hg (n =63); Severe, daytime systolic BP—office systolic BP >10 mm Hg (n=60). LVH is defined as LVMI
of >125g/m* in men and 110g/m* in women. Values are given as the mean +s.d. (a) or percentage (b).
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Figure 3 Comparison of LV geometric patterns between the two
groups. NG, normal geometry (normal LVMI and RWT); CR,
concentric remodelling (normal LVMI and increased RWT); EH,
eccentric hypertrophy (increased LVMI and normal RWT); CH.
concentric hvpertrophy (increased LVMI and RWT). "P<0.05,
*P<0.01. and **P<0.001 vs Group 1.

significantly greater in subjects with mild reverse
white-coat effect (office systolic BP <daytime sys-
tolic BP, but daytime systolic BP—office systolic
BP <10 mm Hg) than in those without reverse white-
coat effect (i.e., Group 1), and these values were
further increased significantly in the sub-group with
severe reverse white-coat effect (daytime systolic
BP-office systolic BP =10 mm Hg).

Figure 3 shows the comparison of LV geometric
patterns between the two groups. Group 2 had a
significantly higher rate of concentric hypertrophy
compared with Group 1 (48 vs 28%, P<0.001). In
contrast, the rates of patients with normal geometry
and concentric remodelling were significantly lower
in Group 2 than in Group 1.

To confirm whether the influence of reverse
white-coat phenomenon on LV mass increase and
specific geometric change was independent of
various clinical parameters, we investigated possi-
ble predictive factors using a multiple logistic
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regression analysis in all subjects (Table 4).
Although average 24-h systolic BP was the strongest
predictor for both LVH and concentric hypertrophy,
the presence of reverse white-coat effect (i.e., Group
2) was found to be a significant determinant for
these LV structural changes, independent of age,
sex, body mass index, hypertension duration, the
use of any class of antihypertensive agent and 24-h
systolic and diastolic BP levels (for LVH: odds ratio
2.42 vs Group 1, P=0.005; for concentric hyper-
trophy: odds ratio 1.89, P=0.039). The significant
predictive value of reverse white-coat effect re-
mained even when daytime systolic and diastolic
BPs, instead of 24-h BPs, were adopted as indepen-
dent predictors (data not shown).

Discussion

This study has demonstrated that the presence of
reverse white-coat effect is one of the independent
predictors for LVH, especially for LV concentric
hypertrophy, in patients with treated essential
hypertension. The new findings suggest that reverse
white-coat phenomenon, independent of average
ambulatory blood pressure levels, may have an
unfavourable influence on left ventricular geometry
in essential hypertension.

The present subjects with reverse white-coat
effect (Group 2) had a controlled office BP in spite
of elevated ambulatory BP, indicating that the group
took on an aspect of masked hypertension. There
have been a few studies reporting the possible
association between masked hypertension and car-
diac and carotid arterial structural changes in the
general population. Liu et al.*® found that LV mass
and carotid wall thickness in patients with masked
hypertension were significantly greater than those
in true normotensive subjects and similar to those in
patients with sustained hypertension. The data from
the PAMELA Study also showed that LVMI was
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Table 4 Independent predictors for left ventricular mass increase and concentric hypertrophy by multiple logistic regression analysis

LVH

OR (95% CI)

Age (10 years)
Sex (male)
Body mass index (1 kg/m?)
Hypertension duration (1 year)
Diabetes mellitus {yes)
Hyperlipidemia (yes)
Current smoking (yes)
Habitual drinking (yes)
Creatinine clearance (10 ml/min)
Ca channel blocker (yes})
RAS inhibitor (yes)
B-Blocker (yes)
Diuretic {yes}
24-h systolic BP (10 mm Hg)
24-h diastolic BP (10 mm Hg)
Reverse white-coat effect
Absence {Group 1)
Presence (Group 2)

0.88 (0.58-1.34)
0.60 (0.30-1.16)
1.10 (1.00-1.23)
1.02 (0.99-1.05)
1.04 (0.48-2.22)
1.49 (0.82-2.71)
0.99 (0.46-2.13)
1.09 (0.58-2.06)
0.91 (0.77~1.06)
1.36 (0.67-2.77)
1.15 (0.60-2.21)
1.89 (0.99-3.59)
1.04 {0.49-2.22)
2.35 (1.66~3.33)
0.60 (0.40-0.90)

1 (reference)
2.42 (1.31-4.48)

Concentric hypertrophy
P OR (95% CI) p
0.544 0.70 (0.46-1.05) 0.087
0.128 0.82 (0.42-1.60) 0.557
0.046 1.10 (1.00-1.22} 0.053
0.123 1.03 (1.00-1.06} 0.028
0.929 1.02 (0.49-2.13) 0.959
0.186 1.35 (0.73-2.47) 0.339
0.978 1.25 (0.60-2.58) 0.553
0.783 1.22 (0.64-2.32) 0.541
0.231 0.87 (0.74-1.02) 0.095
0.402 1.09 (0.53-2.24) 0.808
0.678 1.57 (0.82-2.99) 0.170
0.052 1.36 (0.73-2.55) 0.337
0.921 0.72 (0.34-1.56) 0.407
<0.001 1.97 (1.45-2.68) <0.001
0.014 0.67 (0.45-0.98) 0.041
1 (reference)
0.005 1.89 (1.03-3.44) 0.039

Abbreviations: BP, blood pressure; CI, confidence interval; LVH, left ventricular hypertrophy; OR, odds ratio: RAS, renin angiotensin system.
RAS inhibitor represents angiotensin II receptor blocker or angiotensin converting enzyme inhibitor. LVH is defined as LVMI of >125g/m® in men

and 110g/m? in women. Concentric hypertrophy is defined as LVH combined with increased RWT (>0.44).

increased in untreated subjects with masked hyper-
tension and sustained hypertension than in those
with true normotension.?* In addition, our recent
study showed that masked hypertension was asso-
ciated with advanced target organ damage in treated
hypertensive patients, comparable to that in cases of
sustained hypertension.* Furthermore, prospective
studies have revealed that a high ambulatory or
home BP is a powerful predictor for cardiovascular
morbidity and mortality in the general population
and treated hypertensive patients even when their
office BP is normal or well controlled.'®!**=*% As for
the association between LV geometry and cardio-
vascular prognosis, it was reported that hyperten-
sive patients with concentric hypertrophy among
four LV geometric patterns had the highest inci-
dence of cardiovascular events and death.’ Taken
together, it is likely that advanced target organ
changes including LV concentric hypertrophy in
patients with masked hypertension or reverse white-
coat condition are linked to poor cardiovascular
prognosis in such patients.

A higher level of ambulatory BP is a major
determinant of target organ damage in hypertensive
patients.** In the present study, however, the
presence of reverse white-coat effect was a signifi-
cant predictor for LVH and concentric hypertrophy,
independent of average 24-h ambulatory BP levels.
Other factors than a higher ambulatory BP could
contribute to target organ damage in reverse white-
coat hypertension. Our study has not provided the
specific mechanism by which reverse white-coat
effect could promote LV concentric hypertrophy in
patients with treated hypertension. Therefore,
further investigations are required to clarify how

reverse white-coat or masked hypertension has a
specific unfavourable effect on the hypertensive
target organ.

There were some limitations in our study. The
present findings were derived from cross-sectional
data on the basis of one-time examination of
ambulatory BP monitoring and echocardiography.
Our subjects were divided into subgroups based on
office—daytime difference only in systolic BP, not
considering diastolic BP difference. In addition,
cardiac magnetic resonance imaging might be more
adequate than echocardiography in evaluating LV
mass exactly.

All patients in the present study had received
antihypertensive medication. As another limitation
of this study, therefore, we must consider the
possibility that different classes of antihypertensive
drugs may have differently affected the develop-
ment of LVH, partly independently of their
BP-lowering effects. Renin angiotensin system
inhibitors, particularly, are known to have BP fall-
independent protective effects on hypertensive
target organ. However, the percentage of patients
treated with angiotensin II receptor antagonists or
angiotensin converting enzyme inhibitors did not
differ between the two study groups. Our multi-
variate analysis also showed that the association of
reverse white-coat effect with LVH and concentric
hypertrophy was independent of the use of any class
of antihypertensive agent.

In conclusion, the present study indicates that
reverse white-coat effect is a significant determinant
of LVH, especially concentric hypertrophy, in
patients with treated essential hypertension, inde-
pendent of average ambulatory BP levels and
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various other clinical risk factors. Our findings
suggest that the presence of this phenomenon may
be an independent risk for the adverse LV geometric
change in treated hypertensive patients and ambu-
latory BP monitoring seems to be necessary to
unmask this latent risk that is not detectable by
routine BP measuring in the office.

What is known about this topic

e Ambulatory blood pressure is an important determinant of
target organ damage and a predictor for cardiovascular
morbidity and mortality in hypertensive patients.

e The converse phenomenon of white-coat hypertension called
‘reverse white-coat hypertension’ or ‘masked hypertension’ is
associated with poor cardiovascular prognosis.

e Left ventricular hypertrophy, especially concentric
hypertrophy, is a significanl risk factor for cardiovascular
complications and death.

What this study adds

o Reverse white-coat effect was an independent predictor for left
ventricular hypertrophy, especially for concentric hypertrophy,
in treated hypertensive patients.

e The presence of reverse white-coat phenomenon, independent
of average ambulatory blood pressure levels, may have an
unfavourable influence on left ventricular geometry.
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The endothelial nitric oxide synthase gene -786T/C
polymorphism is a predictive factor for reattacks of coronary

spasm

Tsunenori Nishijima®, Masafumi Nakayama®, Michihiro Yoshimura®, Koji Abe?,
Megumi Yamamuro?®, Satoru Suzuki®, Makoto Shono®, Seigo Sugiyama®,
Yoshihiko Saito®, Yoshihiro Miyamotod, Kazuwa Nakao®, Hirofumi Yasue®

and Hisao Ogawa®

Objective We previously found a -786T/C polymorphism
in the 5'-flanking region of the endothelial nitric oxide
synthase (eNOS) gene and reported that this
polymorphism is strongly associated with coronary spasm.
In this study, we examined whether the polymorphism is a
prognostic marker in coronary spasm patients.

Methods and resuits We examined the clinical courses of
201 consecutive patients with coronary spasm who were
admitted to our institution: 146 patients with the -786T7/T
genotype; 50 patients with the -786C/T genotype; and five
patients with the -786C/C genotype. The mean follow-up
period was 76+ 60 months. All the patients took calcium
channel blockers and/or nitrate during the follow-up
period. in this study, no patients died due to a cardiac
event. About 25 patients were readmitted owing to
cardiovascular disease. Out of these 25 patients, 23
patients were readmitted owing to a reattack of coronary
spasm. The -786C allele was significantly associated with
readmission due to coronary spasm (P=0.0072, odds ratio:
3.37 in the dominant effect). Kaplan-Meier analysis
revealed that the occurrence of readmission was
significantly higher in the patients with the -786C allele
than in the patients without the -786C allele (P=0.0079).
Further, multiple logistic regression analysis revealed that
the -786T/C polymorphism was an independent predictor

Introduction
Coronary spasm plays an important role in the pathogenesis

of not only variant angina but also ischemic heart discases

in general, including other forms of angina pectons, acute
myocardial infarction, and suddcn death [1-3].

We previously reported that the long-term prognosis for
paticnts with coronary spasm is rclatively good and that the
use of calcium channel blockers (CCBs) improves it [4,5].

We have recommended that paticnts with coronary spasm
take CCB, which dilates the large coronary artcries and
thercby prevents the occurrence of coronary spasm;
however, there were many paticnts who were readmitted
owing to a recurrent attack of coronary spasm while on

1744-6872 © 2007 Lippincott Willams & Wilkins

for readmission due to reattack of coronary spasm
(P=0.006; relative risk=3.590).

Conclusions The eNOS -786C allele is an independent
risk factor for readmission due to a recurrent attack of
coronary spasm in patients with coronary spasm, even if
the patients have taken calcium channel blockers and/or
nitrate. Pharmacogenetics and Genomics 17:581-587 ©
2007 Lippincott Williams & Wilkins.
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the CCB regimen [6]. It is not yet clear what factor(s)
predisposes coronary-spasm paticnts who take CCB woa
reattack of coronary spasm.

We previously reported that a -786T/C polymorphism in
the §'-flanking region of the cndothelial nitric oxide
synthase (eNOS) gene is strongly associated with
coronary spasm; it also results in a significant reduction
in ctNOS gene promoter activity [7]. We further showed
that the replication protein Al binds to the -786C allele
and thereby represscs eNOS gene transcription [8]. Qur
clinical research revcaled that the polymorphism strongly
increases the basal tone of the coronary arterics, and
cnhances their response to the constrictor effects of
acetylcholine (ACh) [9,10]; furthcrmore, we reported
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that the polymorphism is significantly associatcd with
myocardial infarction, especially in patients without
coronary stenosis {11}. These findings suggest that the
-786T/C polymorphism in the eNOS géne compromises
endothelial NO synthesis and thereby predisposes the
paticnts (o severe coronary spasm.

In this study, we examined the association between the
-786T/C polymorphism and the long-term prognosis for
coronary-spasm paticnts.

Methods

Study population

The study population consisted of 201 consecutively
admitted patients from July 1984 to July 2000 (100 men;
101 women: mcan age in years, 61.9; range 25-81 ycars)
from whom genomic DNA could be obtaincd. All of them
had coronary spasm as defined by an intracoronary
injection of ACh. Coronary spasm was defined as toral
or subtotal occlusion of a coronary artery, which was
associated with ischemic clectrocardiographic changes
and/or chest pain. Patients with significant organic
stenosis in the coronary arterics, defined as having more
than 50% organic stenosis in at lcast one coronary artery
after nitroglycerine administration, were excluded. Pa-
tiecnts who stopped medications were excluded from this
study.

The patients were divided into two groups: the -786T
group consisting of 146 patients with the -786T/T
genotype (74 men and 72 women; mean age in years,
61.7; range, 25-81) and the -786C group consisting of 55
patients (28 men and 27 women; mean age in years, 62.2;
range, 40-77). The latter group included 50 patients with
the -786C/T genotype and five patients with the -786C/C
genotype. We examined the following two events during
the follow-up period: (i) death from all causes and (i)
readmission due to a coronary arterial cvent, such as
reattack of coronary spastic angina, angina pectoris due to
organic stenosis, or acute myocardial infarction.

Cardiac catheterization

All medications taken by the study participants were
discontinued at Icast 48 h before cardiac cathcrerization.
Coronary artcriography was performed in the morning
while the patients were in a fasting state. After bascline
arteriography of the left and right coronary arteries, an
intracoronary injection of ACh was administered as
described previously [12-15].

Two consecutive doses (50 and 100pg) of ACh were
administered 4 min apart, injccted into the left coronary
artery: angiography was performed within 30s of cach
injection. Then, 50 pug of ACh was injected into the right
coronary artery and angiography was again performed.
Finally, both left and right coronary artcriograms were

taken after an intracoronary injection of 1 mg of isosorbide
dinitratc. We cvaluated the degree of organic stenosis
after the injection of isosorbide dinitrate.

Screening method for the -786T/C polymorphism in the
endothelial nitric oxide synthase gene

An allele-specific oligonuclcotide method was used in the
screening for the -786T/C polymorphism in the eNOS
gene. Hybridization was accomplished with *?P-radiola-
beled oligonucicotides corresponding to cither the probe
for the -786T allele or the probe for the -786C allele. The
method has been described earlier. [7]. In brief, the PCR
fragments, 236-bp in length, including the -786T/C
polymorphism site, were blotted in duplicate onto nylon
membranes. Hybridization was accomplished with *2P-
radiolabeled oligonucleotides corresponding to cither the
-786T sequence (5/-GGG TCA GCC AGC CAG GGAA-
3'; prabe for the -786T sequence) or the -786C sequence
(5-GGG TCA GCCGGC CAG GGAA-3; probe for the
-786C scquence).

Statistical analysis

Continuous variables arc expressed as mean *+ SD. Mcan
values were compared using the unpaired Student’s
rest. The x* test was used for the cvaluation of
diffcrences benween proportions. A probability value
< 0.05 was considered to indicate statistical significance.

Muldple logistic regression analysis with forward step-
wisc sclection was performed with SPSS 14.0] for
Windows (SPSS Japan Inc). Multiple logistic analysis
was uscd to dctermine indcpendent predictors  of
coronary spasms. Independent variables were coded as
the following dummy variables: genorype, 0 for the
-786T/T genotype and 1 for the -786C/T or the -786C/C
genotype; sex, 0 for women and 1 for men; age, 0 for <355
years and 1 for =55 years; body mass indcx, 0 for
<25 kg/m2 and 1 for > 25kg/m?; hypercholesterolemia,
0 for <220mg/dl and 1 for = 220 mg/dl; Cigarctte
smoking, 0 for nonsmokers and 1 for ex-smokers (all study
participants quit smoking upon admission); hypertension,
0 for normotcnsion and 1 for hypertension; and diabetes
mellitus, 0 for an absence and 1 for a presence. A Kaplan—
Meicr survival curve was used for determining survival
and readmission rates in both the -786T group and the
-786C group. We comparcd the survival rates and
readmission rates beoween the -786T group and the
-786C group using the log-rank test.

Results

Follow-up periods

The patients in this study were followed up until 1
December 2005. The mcan follow-up period was 76 + 60
months (range 1-252 months) for all study paricnts, with
mean follow-up periods of 74 = 56 months (range 1-252
months) for the -786T group and 81 = 68 months (range
1-235 months) for the -786C group.
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— 130 —



Clinical characteristics in the study patients

The clinical charactenistics of the study patients are
shown in Table 1. The incidence of coronary risk factors,
including age, sex, hypertension, and cigarette smoking,
were comparcd between the -786T and the -786C groups.
No significant differences were scen in these coronary
risk factors between the -786T and the -786C groups. No
significant differences were seen in the drug regimens,
including CCB, nitratcs, angiotensin-converting enzyme
inhibitors (ACE-1), or antiplatelets berween the owo
groups.

Prognosis of patients and causes of death

In this study population, 192 survived and ninc died
during the follow-up period. Of the ninc patients who
died, three died of lung cancer, onc of pancreas cancer,
one of a brain tumor, one of a ruptured thoracic aortic
ancurysm, onc of stroke, and two of respiratory failure.
Kaplan-Mecicr analysis revealed that there were no
significant differences in the death rates between the
-786T group and the -786C group (log-rank test
P =0.5945) (Fig. 1).

Readmission due to coronary arterial disease and the
-786T/C polymorphism

Twenty-five paticnts were rcadmitted owing to a
recurrence of coronary arterial discase. Qut of thesc 25
patients, 23 paticnts were readmitted owing to a reattack
of coronary spasm. In the patients rcadmicted owing to a
rcactack of coronary spasm, onc paticnt was readmitted
owing to acutc myocardial infarction withourt significant
organic stenosis. He had the -786C/C genotype of the
e¢NOS gene. Two patients who were readmitted owing to
a progression of coronary stcnosis had the -786T/T

genotypes.

The rate of readmission duc to coronary arterial disease
was significantly higher in the -786C group than in the
-786T group (P=0.0134) [21.8% (12/55) and 8.9%
(13/146), respectively, as is shown in Table 2]. The rate

Table 1 Clinical characteristics of the study patients
-786T group -786C group Pvaue
(n=146) (n=55)

Age (years) 62+11 62110 NS
Men/women 72174 28/27 NS
Hypertension 44/146 (30%) 15/55 (27%) NS
Cigarette smoking 78/146 (53%) 33/55 (609) NS
Diabetes mellitus 28/146 {19%) 11/55 {20%) NS
Hyperchalesterolemia 41/146 (28%) 13/55 (24%) NS
BM) (kg/m?) 233 233 NS
Pharmacotherapy

ccs 137/146 (949%) 52/55 (85%) NS

Nitrates 20/146 (14%) 4/55 (7%) NS

ACE4 12/1486 (8%) 7/55 (13%) NS

Antiplatelet 16/146 (11%) 6/55 (11%) NS
HMG-CoA

Reductase inhibitor 18/146 (129%) 2/55 (4%) NS

Values are numbers of patients or mean £ SD.
ACE-l, angiotensin-converting enzyme inhibitor; BMI, body mass index; CCB,
calcium channel blocker; NS, not significant.

eNOS -786T/C coronary spasm prognosis Nishijima et al 583

Fig. 1
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Kaplan-Meier survival curves of cumulative death rates in patients with
coronary spasm divided into two groups according to the -786T/C
polymorphism.

Jable 2 Readmission rates

-7867 group -786C group P value
(n=55) (n=146)
Reattack of coronary 11/1486 (7.5%) 12/55 {21.89) 0.0046
spasm
Progression of coronary 2/146 (1.4%) 0/55 (09%) 0.3830
stenosis .
Total 13/146 (B.9%) 12/55 (21.8%) 0.0134

Values are numbers of patients.

of rcadmission duc to a rcartack of coronary spasm was
significantly higher in the -786C group than in the -786T
group (P =0.0046) (21.8% (12/55) and 7.5% (11/146),
respectively].

Kaplan-Mciecr analysis revealed that the occurrence of
rcadmission due to coronary arterial discasc was signifi-
cantly lower in the -786T group than in the -786C group
(P=0.0079) (Fig. 2). Further, the occurrence of read-
mission duc to coronary spasm was significantly lower in
the -786T group than in the -786C group (P = 0.0032)
(Fig. 3).

Risk factors for readmission due to a reattack of
coronary spasm

We compared the coronary risk factors, including clinical
coronary risk factors and medications, berween the
rcadmission and the non-rcadmission groups as is shown
in Table 3. Patients in the group rcadmission due to a
reattack of coronary spasm were significantly younger
than those in the non-rcadmission group (P = 0.0044).
No significant differences were seen in the other coronary
risk factors or in the mecdications between the read-
misston and the non-readmission groups.
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The ratc of rcadmission due to a reattack of coronary
spasm in the paticnts with T/T, C/T. and C/C genotypes
were 7.6% (11/144), 22.0% (11/50), and 20.0% (1/5).
respectively. The incidence of patients with the -786T/C
polymorphism was significantly higher in the group of the
readmission due to a reattack of coronary spasm than in
the non-rcadmission group (P =0.0051). When the
additive and dominant cffcct of the -786C allcle was
analyzed, the -786C allcle was significantly associated
with readmission duc to coronary spasm as is shown in
Table 4 (P =0.0072, odds ratio: 3.37 in thc dominant
cffect).

Table 3 Clinical characteristics in readmission due to coronary
spasm and non-readmission groups

Non-readmission Readmission “Pvdue
(n=176) (n=23)

Age (years) 63110 5612 0.0044
Men/women 86/80 12/11 NS
Hypertension 517176 {(20%) 8/23 (35%) NS
Ciparette smoking 95/176 (54%) 14/23 (61%) NS
Diabetes melltus 377176 {21%) 2/23 (9%) NS
Hypercholesterolemia 47/176 (27%) 7/23 (30%) NS
BM! (kg/m?) 2313 23%3 NS
Phamacotherapy NS
ccB 167/176 (85%b) 22/23 (96%) NS
Nitrates 20/176 (119b) 3/23 (13%) NS
ACE-l 16/176 (9%) 2/23 (8%) NS
Antiplatelets 22/176 (13%) 0/23 (09%) NS
HMG-CoA 16/176 (8%) 2/23 (9%) NS

Reductase inhibitor

Values are numbers of patients or mean ¢ SD.
ACE-, angiotensin-converting enzyme inhibitor; BMI, body mass index; CCB,
calcium channe! blocker; NS, not significant.

Table 4 Genotype frequencies of -786T/C polymorphism in the
readmission due to coronary spasm and non-readmission group

Non-readmis- Readmission  Odds ratio (85% P value
sion (n=176) (h=23) &)
786C/C 4/176 (2%) 1723 (4%) - -
genotype
24% 52%
-786C/T 39/176 (22%) 11/23 (48%)
genotype
-7868T/T 133/176 (76%) 11/23 (48%) - -
genotype
Additive - - 2.56 (1.26-5.21) 0.0087
Dominant - - 3.37 (1.38-8.20) 0.0072
Recessive - - 1.96 (0.21-18.28) 0.5569

Values are numbers of patienta. Cl, confidence interval.

Subscquently, we performed multiple logistic analysis,
with forward stepwisc sclection for the rcadmission
group, using all the clinical risk factors and the -786T/C
polymorphism as shown in Table 5. The analysis revealed
that the most predictive independent risk factor for
rcadmission duc to a rcattack of coronary spasm was the
-786T/C polymorphism (P = 0.006, rclative risk = 3.590).
Other classical coronary risk factors were not significant
predictive factors for readmission due to coronary spasm.

CCB and readmission due to coronary spasm

We analvzed compounds and doscs of CCBs, which were
administered to patients with coronary spasm as shown in
Table 6. The incidence of rcadmission duc to coronary
spasm was significantly higher in paticnts who were
administered two compounds of CCBs than in paticnts
who werc administered onc compound of CCBs
(P =0.0016).

We listed ninc paticnts who were administered two
compounds of CCBs as shown in Table 7. The incidence
of the -786T/C polymorphism in the readmission and
non-readmission groups were 4/4(100%) and 1/5(20.0%),
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Table 5 Multipte logistic analysis with forward stepwise selection
for readmission due to coronary spasm
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Table 7 Characteristics of patients who were administered CCB
two compounds

Variables B - SE Relative risk P value
85% C)

-7867/C Polymorphism 1.278  0.461 3580 (1.455-B.853) 0.008

Age -0.831 0.489 0432 (0.151-1.028) 0.057

Constant -2.141  0.346 0.117 0.000

Q, confidence interval.

Table 6 Compounds and doses of CCBs in the readmission due to
coronary spasm and the non-readmission group

Compounds and doses Readmission Non-readmission  Pvalue
{dose per day) (n=23) (n=176)
Diltiazem (long acting type)
200mg 5/23 (22%) 67/176 (38%) NS
100mg 3/23 (13%) 32/176 (18%) NS
Diltiazem (short acting type)
240mg 0/23 (0%) 2/176 (1.29b) NS
180mg 1/23 {49) 31176 (2%) NS
160mg 0/23 (0%) 1/176 (0.6%) NS
120mg 2/23 (8%) 8/176 (5%) NS
80mg 0/23 (0%) 6/176 (3%) NS
60mg 0/23 (0%} 1/176 (0.6%) NS
Nisoldipine
20mg 1/23 (a%) 3/176 (1.79%) NS
1Smg 1/23 (4%) 0/176 (0%) NS
10mg 4/23 {(17%) 217176 (129%) NS
&mg 0/23 (094} 6/176 (3%) NS
Nifedipine
80mg 1/23 (4%) 1/176 (0.89b) NS
60mg 0/23 (0%) 1/176 (0.6%) NS
40mg 0/23 (0%) 2/176 (1.29) NS
20mg 0/23 (0%) 4/176 (2.2%) NS
Benidipine
8mg 0/23 (0%) 2/176 (1.29%) NS
Amiodipine
6mg 0/23 (0%) 2/176 (1%) NS
25mg 0/23 (0%) 1/176 (0.6%) NS
Two CCB compounds 4/23 (17%) 5/176 (3%) 0.0016

Values are numbers of patients
CCB, calcium channel blocker; NS, not significant.

respectively. In the patients with two compounds of
CCBs, the incidence of the -786T/C polymorphism was
significantly higher in the readmission group than in the
non-rcadmission group (£ = 0.0164).

Discussion

Prognosis and readmission in patients with coronary
spasm

As with others. we have previously reported that the
prognosis for coronary-spasm paticnts without coronary
stenosis was relatively good [4,5]. We have also reporeed
that the intake of CCB, multivessel spasm, and the
scverity of coronary artery discase arc all significant
independent predictors of survival for patients without
myocardial infarction [4]. In this study population,
paticnts with significant organic stenosis were excluded.
All the study patients took CCB and/or nitrate during the
follow-up period; there were no cardiac deaths during this
period in this study. This result is in accordance with
many previous studics. On the other hand. there were 25
study paticnes (12%) who were recadmitted owing o
coronary cvents: 92% of the rcadmissions were due to a

Patient Age Sex -786T/C Hyper Cigar Dia-  Hypercho-

no. geno-  tension  etfe betes  lesterole-

type smoking mellitus mia

Non-readmission

1 53 M 7T - + - -

2 64 M m + + - -

3 66 F ur + + - -

4 €8 M 121 - + - -

5 74 F cn - - - -
Readmission

6 40 M cn - + - +

7 66 M cn + - - +

8 67 M c/C - + - -

9 76 F cr - - - -

F, female; M, male.

rcattack of coronarv spasm. Sueda & 4. [6] recently
suggested that 42% of the patients with pure coronary
spastic angina had a reattack of coronary spastic angina
during the administration of CCB. The outcomes in
Sucda’s coronary-spasm patients are in gencral agreement
with our results.

In this study, the readmitted paricnts were significancly
younger than the non-rcadmitted paticnts. We thercfore
suggest that the discase-activity level of coronary spastic
angina is higher in vounger patients than in the older
ones. Younger paticnts may be more susceptible to
getiing coronary spastic angina as a result of coronary
spasm. Further study is needed to clarify whether there is
a significant difference in the disease activity level of
coronary spasm berween younger and older patients.

Readmission and the endothelial nitric oxide synthase
polymorphism

The incidence of rcadmission was significantly higher in
the -786C group than in the -786T group. The -786T/C
polymorphism was significantly associated with read-
mission due to coronary artcrial events. Multiple logistic
regression analysis revealed that the -786C aliele was the
most predictive independent risk factor for rcadmission
in patients with coronary spasm. It is possible that the
-786T/C polymorphism reduces eNOS gene expression in
the coronary arterial endothelial cells, and thereby
predisposcs the patients to rccurrent coronary spasmi
cven if the patients have taken CCB.

Readmission due to acute myocardial infarction

In this study, there was a patient who had acute
myocardial infarction during the follow-up period. Sig-
nificantly, he had the -786C/C genotype. As this patient
had no coronary stenosis, myocardial infarcrion was most
probably causcd by coronary spasm. Although this patient
had taken CCB, hc had an incident of acute myocardial
infarction. Thus, it is suggested that the -786T/C
polvmorphism predisposes paticnts to have myocardial
infarction duc to coronary spasm, even while being
administered CCB.
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Treatment of coronary spasm in patients with the -786C
allele

Strict follow-up is nceessary in coronary spasm paticnts
with the -786C allele 1o monitor for reattack and/or acutc
myocardial infarction. Additional medications like long-
acting CCB and/or nitrite and/or other antiangina agents,
should be prescribed for coronary-spasm paticnes with the
-786C allele; however, there was no significant difference
with the readmission races berween those with long-
acting CCB and thosc with short-acting CCB in this
study.

It was revcaled that the incidence of readmission due to a
reattack of coronary spasm was significantly higher in
paticnts who were administered two CCB compounds
than in patients who were administered one CCB
compound; morcaver, all the readmission patients with
two CCB compounds carricd the -786C allcle. We usually
medicate a patient who has scverc and/or medicine-
resistant coronary spasm, with a combination of two CCB
compounds. These results indicate that a combination of
two CCBs is cffective in patients without the -786T/C
polymorphism, but is not effective in the scvere coronary-
spasm patients with the -786T/C polymorphism. Addi-
tional medications such as HMG-CoA reductase inhibitor,
AGE-], or angiotensin II type 1 recepror blocker are
possibly nceded in the patients with severc coronary
spasm with the -786T/C polymorphism.

We recently reported that fluvastatin, an HMG-CoA
reductase inhibitor, increases the transcriptional activiry
of the eNOS gene in the endothcelial cells, cspecially in
those with the -786C allele [16]. We therefore suggested
that fluvastatin possibly prevents rcattacks of coronary
spasm, especially in patients with the -786C allcle. Tt was
reported that ACE-] or angiotensin 11 type 1 receptor
blocker induces eNOS bioactivity; thercfore, those drugs
possibly arc cffective in the patients with coronary spasm
[17,18]. A further clinical study is, however, necessary to
verify this.

Study limitation

It has been previously suggested that the pathogencsis of
coronary-artery spasm is closcly related to the process of
atherosclerosis [19,20]; however, in this study, there were
relatively few paticnts who were readmitted owing to a
progression of coronary stenosis. A longer follow-up period
might be necessary to elucidate whether the incidence of
patients with coronary stenosis will increasc. Also, there
may be racial, and/or environmental, and/or lipid-profilc
differences in the pathogenesis of atherosclerosis. A study
on a larger follow-up population will be beneficial to
further clucidate this topic.

The -786T/C polymorphism has only a modulatory rolc in
the development and the recurrence of coronary spasms,

which possibly also occur in somec paticnts with
angiographically detcctable stenoscs; therefore, further
study will be necessary to clucidate other predictive
factors for coronary spasm.

Conclusion

Considering the strong association of the C allele of the
eNOS gene -786T/C polymorphism wich the prognosis
for coronary spastic angina paticnts, we conclude that the
-786T/C polymorphism is an independent predictor
for readmission in patients with coronary spasm. The
-786T/C polymorphism of thc ¢cNOS gene is an important
factor to consider in determining the clinical course of
coronary spastic angina. A strict follow-up is nccessary in
coronary-spasm paticnts with the -786C allele. There is
no simplec test to measure for the -786T/C polymorphism
at present; however, if a test is developed in the necar
future, it will be valuable for trcating paticnts with
coronary spasm, cspccially those with -786T/C poly-
morphism.
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Association of Dietary Intake of Soy, Beans, and Isoflavones
With Risk of Cerebral and Myocardial Infarctions in
Japanese Populations
The Japan Public Health Center-Based (JPHC) Study Cohort I

Yoshihiro Kokubo, MD; Hiroyasu Iso, MD; Junko Ishihara, PhD; Katsutoshi Okada, MD;
Manami Inoue, MD; Shoichiro Tsugane, MD; for the JPHC Study Group

Background—Soy and isoflavones have been proposed to reduce the risk of cardiovascular risk factors, but their potential
as preventatives for cardiovascular disease remains uncertain. We investigated the association of soy and isoflavone
intake with risk of cerebral and myocardial infarctions (CI and MI).

Methods and Results—To examine the association of soy and isoflavone intake with the risk of CI and MI, we studied
40 462 Japanese (40 to 59 years old, without cardiovascular disease or cancer at baseline). They completed a
food-frequency questionnaire (1990-1992) and received follow-up to 2002. After 503 998 person-years of follow-up,
we documented incidence of CI (n=587) and MI (n=308) and of mortality for CI and MI combined (n=232). For
women, the multivariable hazard ratios and 95% confidence limits for soy intake =5 times per week versus 0 to 2 times
per week were 0.64 (0.43 to 0.95) for risk of CI, 0.55 (0.26 to 1.09) for risk of MI, and 0.31 (0.13 to 0.74) for
cardiovascular disease mortality. Similar but weaker inverse associations were observed between intake of miso soup
and beans and risk of cardiovascular disease mortality. The multivariable hazard ratios for the highest versus the lowest
quintiles of isoflavones in women were 0.35 (0.21 to 0.59) for CI, 0.37 (0.14 to 0.98) for MI, and 0.87 (0.29 to 2.52)
for cardiovascular disease mortality. An inverse association between isoflavone intake and risk of CI and MI was
observed primarily among postmenopausal women. No significant association of dietary intake of soy, miso soup, and
beans and isoflavones with CI or MI was present in men.

Conclusions—High isoflavone intake was associated with reduced risk of CI and MI in Japanese women. The risk
reduction was pronounced for postmenopausal women. (Circulation. 2007;116:2553-2562.)

Key Words: soy foods m isoflavones m cerebral infarction m myocardial infarction m follow-up studies

ardiovascular disease (CVD) is a major cause of mor-

bidity and mortality in developed and developing coun-
tries.! Certain diets exhibit a major ability to modify risk
factors for CVD.? Evidence is increasing that the consump-
tion of soy protein instead of animal protein lowers blood
cholesterol levels and may lower the risk of CVD. A
meta-analysis showed that the substitution of soy protein for
animal protein significantly lowered total cholesterol, low-
density lipoprotein (LDL) cholesterol, and triglycerides with-
out affecting high-density lipoprotein cholesterol.> Since
then. well-controlled studies of soy protein and soy-derived
isoflavones have demonstrated that the impact of soy protein

consumption on LDL cholesterol levels was small.** Dietary
soy may be beneficial to cardiovascular health because of its
high polyunsaturated fat, fiber, vitamin, and mineral content
combined with its low saturated fat content.®

Clinical Perspective p 2562

Many studies of soy intake have reported an impact on
cardiovascular risk factors, notably on intermediate end
points such as hyperlipidemia.3-57¢ However, only a few
studies exist on the impact of soy intake on clinical end points
such as CVD. A high dietary intake of isoflavones was
associated with lower aortic stiffness in postmenopausal
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women.? A prospective study of Japanese men and women, in
whom average soy intake has been 10 to 70 times higher than
in Western people,'0-!' showed that soy intake was weakly
and inversely associated with total mortality but not mortality
due to CVD.!2 In that study, the inverse association between
dietary isoflavones and total mortality did not reach statistical
significance after adjustment for cardiovascular risk factors.'?
A prospective study of Dutch women did not support the idea
that dietary isoflavones lowered the risk of CVD.'" The
quantity of isoflavones consumed by Dutch women, however,
was quite small.'! Furthermore, no prospective study has
examined a potential protective effect of isoflavone intake as
an estrogen agonist on risk of CVD among postmenopausal
women who have reduced blood estrogen concentrations.'?
We hypothesize that the risk of cerebral infarction (CI) and
myocardial infarction (MI) for postmenopausal Japanese
women may be reduced through exposure to a large quantity
of isoflavones, because estrogen receptors are not occupied
with plasma estradiol in postmenopausal women.

Methods

Study Cohort

Cohort I of the Japan Public Health Center—Based (JPHC) Study was
a population-based sample of 27 063 men and 27 435 women born
between 1930 and 1949 (between 40 and 59 years old); it was
registered in 14 administrative districts supervised by 4 public health
center (PHC) areas on January I, 1990. The present study included
12 291 subjects from Ninohe city and Karumai town in the Ninohe
PHC area of Iwate prefecture; 15 782 subjects from Yokote city and
Omonogawa town in the Yokote PHC area of Akita; 12 219 subjects
from 8 districts of Minami-Saku county in the Saku PHC area of
Nagano; and 14 206 subjects from Gushikawa city and Onna village
in the Ishikawa PHC area of Okinawa.* We excluded subjects who
reporied Mls, angina pectoris. strokes, or cancer before the study,
which left a total of 40 462 men and women for the present analysis.
The study was approved by the Human Ethics Review Committees
of the National Cancer Center and the University of Tsukuba.
Informed consent was obtained from each participant implicitly
when they completed the baseline questionnaire in which the study
purpose and follow-up were described.

Baseline Survey

A self-administered questionnaire was distributed to all registered
noninstitutional residents in 1990, asking them to report on their
demographic characteristics, medical history, sioking habits, drink-
ing habits, and diet. Of these, 40 462 men and women (74.2%)
returned their questionnaires between January 1990 and May 1992,
primarily between February and October 1990.

The 1990 food-frequency questionnaire included 44 foods with 3
questions to assess soy, bean, and miso consumption. The 1995
follow-up questionnaire covered 147 foods with 8 questions on soy
products.’s Each participant was asked how often he or she had
consumed soy, miso soup, and beans on average during the previous
month, Portion size for each food was specified in the 1995
questionnaire but not in the 1990 questionnaire. Responses for each
food item ranged from “rarely” to 1 to 2 days per week,” “3 to 4
days per week,” and “almost every day” in the 1990 questionnaire.
For the 1995 questionnaire, possible responses were “rarely,” *l to
3 times per month,” ““| to 2 times per week,” “3 to 4 times per week,”
“5 to 6 times per week,” “once per day,” 2 to 3 times per day,” “4
to 6 times per day,” and “7 or more times per day.” Study
participants who answered “almost daily or more frequently” were
asked an additional question about the average number of bowls of
miso soup consumed per day. )

[soflavone intake was calculated from these 2 questions with a
portion size of 100 mL for miso soup (10 g of miso paste, 2.9 mg of

genistein, and 2.1 mg of daidzein) and 60 g for soy foods (18.4 mg
of genistein and 10.9 mg of daidzein).'® Total isoflavone intake was
defined for the present study as the sum of genistein and daidzein
intake. Portion size and isoflavone contents were validated through a
study in which 247 subjects provided 28-day dietary records accom-
panied by blood and urine samples.'™!” The correlation coefficients
between these 2 questionnaires and participants’ dietary records were
0.59 for genistein and 0.60 for daidzein. and the correlation coeffi-
cients between repeated measurements were >0.7.1¢ Estimated mean
intakes were =~30% higher as assessed by the questionnaires
(mean=SD 18.3+13.1 mg for daidzein and 31.42:24 mg for
genistein) than by the dietary records (mean*SD 14.5+6.6 mg for
daidzein and 23.4+10.5 mg for genistein). The associations for miso
soup consumption frequency. soy food consumption frequency, and
estimated isoflavone intake between the 2 questionnaires adminis-
tered 5 years apart were 0.70. 0.53. and 0.61. respectively.'®
Information on the consumption of isoflavone supplements was not
requested in the 1990 questionnaire. At that time. isoflavone supple-
ments were assumed to be used infrequently. Menopausal status was
questioned in the baseline questionnaire in the form of alternatives:
premenopause, postmenopause, or surgical menopause.

Stroke and MI: Confirmation and Classification of

Stroke Subtypes
A total of 30 hospitals in the 4 PHC areas were capable of
performing computed tomography scans and/or magnetic resonance
imaging. By region, that included 10 hospitals in the Ninohe PHC
area, 4 in the Yokote PHC area, 3 in the Saku PHC arca, and 14 in
the Ishikawa PHC area. Ali were major hospitals at which acute
stroke and MI cases would be admitted. Medical records were
reviewed by registered hospital workers. PHC physicians, or re-
search physicians who did not have access to lifestyle data. Stroke
and MI events were registered if they occurred after the date on
which the baseline questionnaire was received and before January 1.
2003. To complete the surveillance for fatal stroke and MI, we also
conducted a systematic search for death certificates. For all fatal
strokes and MIs listed on the death certificates but that had not been
registered, medical records in registered hospitals were reviewed by
hospital workers, PHC physicians. or research physicians. We
regarded these fatal Cls and Mls as probable Cls and Mls, respec-
tively. Details on the surveillance procedures have been described
elsewhere.'?2¢

Strokes were confirmed according to National Survey of Stroke
criteria. These criteria require the rapid onset of a constellation of
neurological deficits that lasts at least 24 hours (or until death). For
each stroke subtype (ie, ischemic stroke [thrombotic or embolic
stroke], intracerebral hemorrhage, and subarachnoid hemorrhage), a
definite diagnosis was established on the basis of the examination of
computed tomography scans, magnetic resonance imaging results, or
autopsies.2! MI was confirmed in the medical records according to
the criteria of the MONICA project (MONitoring of trends and
determinants In CArdiovascular disease). which requires evidence
from ECGs, cardiac enzymes. and/or autopsy.?? Information on the
underlying cause of death was obtained by checking against death
certificate files with permission to confirm mortality due to CI and
MI (ischemic CVD) according to the Internationat Classification of
Death, 10th Revision codes [121-123 and 146 for MI and 160-161.
163, and 1693 for CI.

Changes in residential status were identified through the residen-
tial registry in each area. Subjects who moved from their original
residence (2% of total participants) were censored at that time.

Statistical Analysis

ANOVAs and x* tests were used to compare mean values and
frequencies according to the frequency of dietary soy intake by sex.
Time-dependent Cox proportional hazards regression models were
used for the association of soy, miso soup. beans, and isoflavones
with CI and MI separately for men and women during the 13-year
follow-up (from 1990 until the end of 2002). For each subject.
person-months of follow-up were calculated from January 1, 1990. to
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Table 1. Sex-Specific Baseline Distributions of CVD Risk Factors and Selected Dietary Variables in a Cohort of 40 462 Men and
Women According to the Frequency of Dietary Soy Intake at the Baseline Surveillance -
Frequency of Soy Intake, Days per Week
Men Women
0-2 3-4 =5 P 0-2 3-4 =5 P
No. of subjects 5186 7367 6913 o 3981 7432 9571 .
Age at baseline, y . 484 492 50.0 <0.001 488 49.2 50.0 <0.001
Mean body mass index, kg/m? 23.6 236 23.4 <0.001 236 23.5 235 0.847
Current smoker, % 771 799 746 0.006 108 76 6.0 <0.001
Current drinker, % 774 80.6 80.4 <0.001 237 243 229 0.085
College or higher education, % 15.0 14.6 129 0.001 11.5 12.7 1.1 0.004
Sports at leisure time =1 time per week, % 17.7 17.9 16.9 0.256 125 14.7 14.6 0.002
History of hypertension, % 116 147 16.8 <0.001 12.1 123 145 <0.001
History of diabetes mellitus, % 42 47 6.3 <0.001 24 21 23 0.623
Menopausal status, %
Natural menopause 40.7 427 48.2 .
Surgical menopause o 7.4 8.0 9.4 <0.001
Mean daily total energy, kcal 1910 2132 2344 -0.001 1227 1363 1491 <0.001
Mean daily intake
Rice, g/d 293.8 316.3 336.0 <0.001 164.0 171.4 181.9 <0.001
Vegetables, g/d 184.3 2292 281.0 <0.001 201.5 2442 287.4 <0.001
Fruits, ¢/d 76.4 914 111.4 <0.001 105.0 1271 143.2 <0.001
Fish, g/d 38.2 49.9 65.8 <0.001 311 40.9 54.2 <0.001
Potassium, mg/d 1800 2121 2501 <0.001 1665 1974 2277 <0.001
Calcium, mg/d 380.3 473.8 596.4 <0.001 3739 468.7 564.9 <0.001
Carbohydrate, g/d 307.5 3334 358.2 <0.001 202.0 216.9 231.2 <0.001
Polyunsaturated fatty acid, g/d 5.2 6.6 8.4 <0.001 45 58 73 <0.001
Saturated fatty acid, g/d 10.3 11.9 13.6 <0.001 94 11.0 121 <0.001
Fiber, o/d 77 92 11.0 <0.001 72 8.7 10.3 <0.001
Isoflavones, mg/d 13.8 245 415 <0.001 121 21.8 376 <0.001
Frequencies
Beans 5-7 times per week, % 5.1 10.0 12.5 <0.001 6.7 11.1 144 <0.001
Miso soup 3 cups per day, % 26.1 324 46.2 <0.001 17.8 215 33.0 <0.001

“ANOVA or y? tests were performed.

whichever came first: the first end point, death, emigration, or
December 31, 2002.

The time-dependent Cox proportional hazards regression was
fitted on the grouped or categorized consumption (reference group
was the lowest consumption level) after adjustment for age and other
potential confounding factors, which were the baseline age values (in
S-year categories); sex: smoking status (never, ex-smoker, and
current smoker of 1 to 19 or =20 cigarettes per day); alcohol intake
(nondrinkers [<1 day per month], occasional drinkers [1 to 3 days
per month], or weekly ethanol intake of 1 to 149 g, 150 10 299 g, 300
to 449 g. and =450 g); body mass index (in quintiles); history of
hypertension or diabetes mellitus (yes or no); medication use for
hypercholesterolemia (yes or no); quintiles of energy-adjusted di-
etary intake of fruits. vegetables, and salt; education levels (junior
high school. high school, and college or higher); leisure time spent
engaged in sports (<1 day per month, | to 3 days per month, and =!
day per week); and nearest PHC. We updated the quintiles for dietary
intake and the confounding factors (except for age, sex. education
level. and PHC) using the 5-year follow-up questionnaire. to which
80% of the baseline participants responded.® Trend tests were
conducted by assignment for frequencies of soy, bean. and miso soup
intake and estimated values for isoflavones consumption to test the

significance of these variables. We excluded women with surgical
menopause from the stratified analysis by menopausal status because
the presence or absence of estrogen exposure was uncertain. In
addition, isoflavone and menopause (or sex) interactions were tested
with use of a cross-product term of isoflavone intake with sex or
menopausal status. All statistical analyses were conducted with
the SAS statistical package (release version 8.2, SAS Institute Inc.
Cary, NC).

The authors had full access to and take full responsibility for
the integrity of the data. All authors have read and agree to the
manuscript as written.

Results
During a follow-up period that averaged 12.5 years, 1230
strokes were documented, of which 1137 were confirmed
through imaging or autopsy. These results for strokes com-
prised 587 Cls, 437 intracerebral hemorrhages, and 206
subarachnoid hemorrhages. In addition, 308 MIs were docu-
mented. of which 232 were definite MI on the basis of clinical
or autopsy evidence, and 23 were cases of sudden cardiac death.
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