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Morning Blood Pressure Surge and
Hypertensive Cerebrovascular Disease

Role of the Alpha Adrenergic Sympathetic Nervous System

Kazuomi Kario, Thomas G. Pickering, Satoshi Hoshide, Kazuo Eguchi,
Joji Ishikawa, Masato Morinari, Yoko Hoshide, and Kazuyuki Shimada

Background: The moming surge of blood pressure
(BP) is associated with a-adrenergic activity. We studied
the association between the a-adrenergic morning surge in
BP and silent cerebrovascular disease in elderly patients
with hypertension.

Methods: We conducted ambulatory BP monitoring
three times (twice at baseline and after nighttime dosing of
the a,-blocker doxazosin) in 98 elderly hypertensive pa-
tients in whom the presence of silent cerebral infarcts
(SCI) was assessed by brain magnetic resonance imaging.
The morning BP surge (MBPS) was calculated as the
mean systolic BP during the 2 h after waking minus the
mean systolic BP during 1 h that included the lowest sleep
BP. The o~adrenergic MBPS was calculated as the reduc-
tion of MBPS by doxazosin.

Results: The prevalence of multiple SCI was higher in
the Surge group (top quartile: MBPS =45 mm Hg, n =
24) than in the Nonsurge group (MBPS <45 mm Hg, n =
74) (54% v 31%, P = .04), and in the higher a-adrenergic

surge group (top quartile: a-adrenergic MBPS =28 mm
Hg, n = 25) than in the lower a-adrenergic surge group
(<28 mm Hg, n = 73) (68% v 26%, P < .0001). In the
Surge group, subjects with higher a-adrenergic surge (n =
17) had a markedly higher frequency of multiple SCI,
whereas none in the lower a-adrenergic surge group had
multiple SCI (n = 7) (77% v 0%, P = .001). The a-ad-
renergic MBPS was closely associated with multiple SCI
(10 mm Hg increase: OR = 1.96, P = .006), indepen-
dently of age, MBPS, 24-h systolic BP, and other con-
founding factors.

Conclusion: The moring BP surge, particularly that
dependent on a-adrenergic activity, is closely associated
with advanced silent hypertensive cerebrovascular disease
in elderly individuals. Am J Hypertens 2004;17:
668—675 © 2004 American Journal of Hypertension, Ltd.
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ardiovascular events occur more commonly in the
‘ morning than at other times of day, and the diurnal

blood pressure (BP) variation also shows a peak
early in the morning.'* We have recently clarified that the
morning BP surge is risk for stroke events independently
of 24-h BP level in elderly individuals with hypertension.’
It is generally accepted that the sympathetic nervous sys-
tem plays a major role in the regulation of BP changes, and
therefore an increase in a-adrenergic activity might be one
of the major determinants of this morning BP surge.* In
fact, the Hypertension and Lipid Trial (HALT) study dis-
closed that the BP reduction Wiﬂl an a-blocker, doxazosin,

was most pronounced in the morning period.>® Further-
more, it is also possible that the moming increase in
a-adrenergic activity and related BP surge contribute to
the morming peak of cardiovascular events.

There is some evidence indicating that aging is associ-
ated with increased sympathetic nervous activity” and that
central nervous system mechanisms mediate this process.”
This systemic increase in sympathetic activity in older
subjects might be expected to cause or to exacerbate
hypertension and cardiac and vascular hypertrophy.>'"
Autonomic dysfunction, which is mainly related to in-
creased sympathetic activity, is frequently present in pa-
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tients with clinical cerebrovascular disease.'"*'? In elderly

persons with hypertension, silent cerebral infarcts (SCI)
are commonly found and are one of the strongest predic-
tors of strokes.'* However, the associations between the
morning increase in a-adrenergic activity and the related
BP surge with silent hypertensive target organ damage
have not been thoroughly investigated.

To study the association between the morning BP surge
(particularly the component associated with a-adrenergic
activity) and silent cerebrovascular disease, we investi-
gated the effect of nighttime dosing of doxazosin on the
morning BP surge using ambulatory BP monitoring
(ABPM) in asymptomatic elderly hypertensive individu-
als, with or without SCI detected by brain magnetic reso-
nance imaging (MRI).

Methods
Patient Selection

This was an open-label study of the effects of doxazosin on
ambulatory BP, which included older Japanese hyperten-
sive patients at three Japanese hospital clinics. The entry
period was June 1996 to January 2001. A total of 106
patients who were either untreated or were off medication
for at least 1 week at the time of entry were studied. The
entry BP criterion was =140 min Hg for an average of a
seated clinic systolic BP (SBP) or =90 mm Hg for dia-
stolic BP (DBP) during the follow-up period (3 to 5
weeks). To be included in the study, patients bad to be
=60 years of age, to have a diagnosis of essential hyper-
tension, and to have no history of other significant medical
disorders including diabetes or any clinically overt cardio-
vascular disease. All participants were fully ambulant.

Body mass index was calculated as weight (kg)/height
(m)?. Electrocardiographically verified left ventricular hy-
pertrophy was defined by abnormally high voltages of
QRS complexes (R in V5 plus S in V1 >3.5 mV) asso-
ciated either with flat T waves (<10% of R) or with ST
segment depression and biphasic T waves.

Study Design

Each patient was studied for a maximum of 11 weeks, with
an observation period of 3 to 5 weeks, a titration period of
up to 4 weeks, and 1 to 5 weeks of maintenance therapy.
After the observation period, patients were started on 1 mg
doxazosin daily, taken at bedtime. The dose was doubled
at weekly intervals until the average seated BP had fallen
1) by at least 20/10 mm Hg from the baseline level, or 2)
by at least 10/5 mm Hg from the baseline level when
baseline BP was <160/90 mm Hg. If BP reduction
reached the above criteria at each of two consecutive
visits, if a maximal daily dose of 8 mg doxazosin had been
reached, or if adverse effects had occurred, no further dose
increase was attemipted. After the titration phase there was
a maintenance phase of 1 to 5 weeks on the same dose of
doxazosin. This protocol was modified from that of the
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HALT study.”" Informed consent was obtained from all
subjects, and the study was approved by the Research
Ethical Committee of Department of Cardiology, Jichi
Medical School.

We excluded three patients for whom at least one of the
three BP recordings was not evaluable because of the
presence of artifacts in >20% of either awake or asleep
measurements. One patient who refused a second ABPM
and two patients who reported that their sleep was severely
disturbed by the ABPM were also excluded from the
analysis. Two patients who developed orthostatic dizzi-
ness (one during the observation period and one during the
titration period) were also discontinued from the study.
Accordingly, three complete sets of ABPM data were
successfully obtained in 98 patients.

Ambulatory BP Monitoring

Noninvasive ABPM was carried out three times on a
weekday with one of two automatic ABPM devices (TM-
2421 or TM-2425; A&D Co. Inc., Tokyo, Japan), which
recorded BP and pulse rate by the oscillometric method
every 30 min for 24 h. The accuracy of these devices was
previously validated. The first ABPM was performed at
the time of entry after being unmedicated for at least 2
weeks, the second ABPM at the end of the drug-free
baseline period (3 to 5 weeks), and the third at the end of
the maintenance period (1 to 5 weeks). The interval be-
tween the first and second ABPM and between the second
and third ABPM were 3 to 5 weeks and 4 to 6 weeks,
respectively.

We defined 24-h BP as the average of all BP readings
throughout 24 h. All subjects were ambulant during the
day, and none reported staying in bed after waking, Sleep
BP was defined as the average of BP from the time when
patients went to bed until the time they got out of bed, and
awake BP as the average of BP recorded during the rest of
the day. Moming BP was defined as the average of BP
during the first 2 h after waking (four BP readings). The
lowest BP was defined as the average BP of three readings
centered on the lowest nighttime reading (that is, the
lowest reading plus the readings immediately before and
after). Evening BP was defined as the average BP during
the 2 h before going to bed (four BP readings). Preawake
BP was defined as the average BP during the 2 h just
before waking (four BP readings). The morning BP surge
(MBPS) was calculated as the morning SBP minus the
lowest SBP. Systolic pressures were used for all of these
calculations. We subclassified the patients according to the
extent of the MBPS as follows: the top quartile of MBPS
(=45 mm Hg, n = 24, the Surge group), versus all others
(n = 74, the Nonsurge group). The a-adrenergic MBPS
was calculated as the bascline MBPS (the average of the
first and second MBPS) minus the third MBPS (during
doxazosin therapy).
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FIG. 1. Ambulatory blood pressure (BP) values during the two baseline recordings and after doxazosin therapy.

Brain MRI

Brain MRI was performed using a superconducting mag-
net with a main strength of 1.5 T (Toshiba MRT200FXI,
Toshiba, Tokyo, Japan; SIGNA-Horizon version 5.8, Gen-
eral Electric Co.; or Vision, Siemens, Munich, Germany)
during the period of =3 months before the first ABPM and
the initiation of doxazosin treatment after the second
ABPM. T1- and T2-weighted images were obtained in the
transverse plane with sections 7.8 mm or 8.0 mm thick. An
SCI was defined as a low signal intensity area (3 to 15
mm) on Tl-weighted images that was also visible as a
hyperintense lesion on T2-weighted images, as previously
described.'*'® Multiple SCI was defined as two or more
infarcts. All SCI detected were lacunar infarcts of <15
mm. The MRI images of the subjects were randomly
stored and interpreted by a professional blind to the sub-
jects’ names and characteristics. The K statistics assessing
inter-reader and intrareader agreement (non-SCI, one SCl,
and multiple SCI) were 0.70 and 0.80, respectively, in our
laboratory.

Statistical Analysis

The analysis was conducted using data from the 98 pa-
tients in whom brain MRI and three ambulatory BP re-
cordings were successfully obtained. The changes from
the baseline values were analyzed statistically using paired
1 tests for each subgroup. Two-sided unpaired 7 tests and

X tests were used to test differences between the two
groups in the mean values of continuous measures and
prevalence rates, respectively. One-way analysis of co-
variance (ANCOVA) (controlling for age, sex, body mass
index, smoking status, hyperlipidemia, duration of hyper-
tension, dose of doxazosin, and 24-h systolic BP) were
performed to detect differences among groups. Spearman
correlation coefficients were calculated. Adjusted odds
ratios (OR) and 95% confidence intervals (CI) of the
presence of multiple SCI (two or more per person) versus
single SCI or no SCI per person was calculated using
multiple logistic regression analysis (multiple SCI = 1,
one or no SCI = 0). Multiple linear regression analysis
was used to test the differences in the slope of the rela-
tionship of MBPS and a-adrenergic MBPS between pa-
tients with and without multiple SCL. The criterion for
determining statistical significance was P < .05. Results
are given as mean =+ SD,

Results
Ambulatory BP

Figure 1 shows the ambulatory BP values during the two
baseline recordings and after doxazosin therapy. Night-
time dosing of doxazosin reduced morning BP more ef-
fectively than the other ambulatory BP parameters. There
was no significant effect of doxazosin on the lowest SBP
at night.
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response to doxazosin. SBP = systolic BP; SCI = silent cerebral
infarct.

Morning BP Surge

At baseline, the average MBPS was 33 = 16 mm Hg for
SBP and 17 = 8.3 mm Hg for SBP (the average of the first
and the second ABPM data), and the correlation coeffi-
cients between MBPS calculated from the first ABPM and
the second ABPM were 0.66 for SBP and 0.42 for DBP

MORNING BP SURGE AND SILENT CEREBRAL INFARCT G671

(both £ < .0001). The a-adrenergic MBPS (reduction of
MBPS by doxazosin) was 13 = 17 mm Hg for SBP and
3.4 * 12 mm Hg for DBP. The a-adrenergic MBPS was
significantly correlated with the baseline MBPS (r = 0.73,
P < 001, Fig. 2).

The Surge group had significantly higher prevalences
of left ventricular hypertrophy, multiple SCI, and number
of SCI than the Nonsurge group (all P < .05), whereas the
age and clinic and 24-h BP levels were comparable be-

“tween the two groups (Table 1). Even after adjusting for

possible confounding factors (age, sex, body mass index,
smoking status, hyperlipidemia, duration of hypertension,
dose of doxazosin, and 24-h systolic BP), the higher
prevalence of multiple SCI in the Surge group remained
significant (P = .05; Table 2). Both the MBPS (P < .05)
and a-adrenergic MBPS (P < .001) were significantly
associated with the number of SCI (Table 3). The a-ad-
renergic MBPS was significantly associated with smoking
(P < .01) but with not with age or body mass index.

Silent Cerebral Infarction

The prevalence of multiple SCI was higher in the Surge
group (top quartile: MBPS = 45 mm Hg, n = 24) than in
the Nonsurge group (MBPS < 45 mm Hg, n = 74) (54%
v 31%, P = .04). Those with the highest a-adrenergic
MBBPS (top quartile: a-adrenergic MBPS =28 mm Hg, n
= 25) had a higher prevalence of SCI (68% v 34%, P =
.005) and multiple SCI (68% v 26%, P < .0001) than those
with a lower a-adrenergic MBPS (a-adrenergic MBPS

Table 1. Clinical and blood pressure (BP) characteristics

Total Group Surge Group¥ Nonsurge Group®*
Measure (n = 98) (n=24) (n=74)

Age (y) 70 * 6.8 70 = 6.7 70 + 6.9
Male (%) 44 43 44
Body mass index (kg/m?) 23.5 3.2 23.8 2.8 23.2 + 3.3
Current smoker (%) 39 43 37
Hyperlipidemia (%) 33 43 29
Duration of hypertension (y) 6.0x7.0 7.8 8.1 5.4 +6.6
Left ventricular hypertrophy (%) 16 308 12
Dose of doxazosin (mg/day) 3.7+19 3.5+1.8 3.7+x1.9
Clinic systolic BP (mm Hg)?t 158 £ 9.9 160 = 11 158 = 9.7
Clinic diastolic BP (mm Hg)t 87 = 10 89 = 10 86 + 10
24-h systolic BP (mm Hg)t 142 = 12 142 = 8.4 141 + 13
24-h diastolic BP (mm Hg)t 82 + 8.0 83 = 6.0 82 + 8.5
Silent cerebral infarct

Prevalence (%) 43 57 39

Average number/person 1.5 2.2 2.4 + 24§ 1.3x21
Multiple silent cerebral infarcts:

prevalence (%) 37 578§ 31

Data shown as mean = SD or percentages.

* Morning BP Surge (morning BP [average of 2-h systolic BP after waking] minus lowest BP duting sleep [nighttime three consecutive BP
including lowest systolic BP] using average of first and second ambulatory BP) =45 mm Hg for Surge group and <45 mm Hg for Nonsurge

group.
1 Average of first and second ambulatory BP.
4 Two or more silent infarcts.
§ P <.05, v Nonsurge group.
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Table 2. Adjusted silent cerebral infarct status between morning blood pressure surge and nonsurge groups

Surge Group

Nonsurge Group

Measure {n = 24) (n=74) P
Silent cerebral infarct
Prevalence (%) 55 39 .184
Average number/person 2.2 +0.42 1.3+0.24 .086
Multiple silent cerebral infarct
prevalence (%) 53 31 .045

Data shown as mean * SE or percentages after adjusting for age, sex, body mass index, smoking status, hyperlipidemia, duration of
hypertension, daily dose of doxazosin, and 24-h systolic blood pressure using analysis of covariance. :

<28 mm Hg, n = 73). In the Surge group, those with
higher a-adrenergic MBPS (» = 17) had a markedly
higher frequency of multiple SCI, whereas none in the
lower a-adrenergic Surge group had multiple SCI (n = 7)
(77% v 0%, P = .001; Fig. 2). In addition, the slope
between MBPS and a-adrenergic MBPS (Fig. 2) was
significantly steeper in patients with multiple SCI than in
those without multiple SCI, even after controlling for 24-h
BP (P < .05).

Table 4 shows the results of adjusted MBPS and o-ad-
renergic MBPS using ANCOVA. Even after adjusting for
possible confounding variables, MBPS and c-adrenergic
MBPS were significantly higher in the multiple SCI group
than in the nonmultiple SCI group. Table 5 shows the
results of a logistic regression analysis using MBPS and
a-adreniergic MBPS as continuous variables in the total
sample.” After adjusting for possible confounding vari-
ables, both MBPS (model 1) and a-adrenergic MBPS
(model 2) were significantly associated with multiple SCI.
However, when both were entered in the same model
(model 3), only a-adrenergic MBPS remained significant.
These surges were also significantly associated with SCI
(one ore more SCI per person: 10 mm Hg MSBP increase:
OR = 144, P = .03; 10 mm Hg a-adrenergic MBPS
increase: OR = 1.55, P = .006). There were no significant
associations between the morning surge in pulse rate and
either single or multiple SCI.

Discussion

This study, has demonstrated a positive association be-
tween the MBPS, particularly the component associated
with a-adrenergic activity, and silent hypertensive cere-
brovascular disease in elderly individuals. This finding is
supported by the relatively high reproducibility of MBPS
in the two baseline recordings, and the fact that we used
the average of these to reduce regression to the mean when
assessing the effects of the a-adrenergic blocking drug
doxazosin.

Morning BP Surge

The Surge group in this study had a higher number of SCI
and higher prevalence of multiple SCI than the Nonsurge
group, whereas there was no significant difference in the
clinic and average 24-h BP between the two groups. In
addition, when we considered the MBPS as a continuous
variable, MBPS was significantly correlated with the num-
ber of SCI independent of other possible confounders
including 24-h SBP level, These results indicate that fac-
tors other than persistent BP overload may be involved in
the progression of SCI in hypertensive individuals. The
SCI occurs predominantly in the small cerebral vessels,
An excessive morning BP surge might facilitate microvas-
cular remodeling in the small cerebral arteries through
increased shear stress. In addition, platelets may be acti-

Table 3. Determinants of morning blood pressure (BP) surge
Morning a-Adrenergic
Measure BP Surge* Morning BP Surget

Age (y) 0.06 0.05

Male (female = 0, male = 1) -0.11 -0.11

Body mass index (kg/m?) 0.04 0.01
Duration of hypertension (y) -0.003 0.12

Dose of doxazosin (mg/day) -0.09 ~0.06

Left ventricular hypertrophy (absence = 0, presence = 1) 0.06 0.10

Silent cerebral infarct (number/person) 0.26| 0.38%

Spearman correlation coefficients shown.
* Morning systolic BP minus lowest systolic BP during sleep.

1 Reduction in morning systolic BP surge by doxazosin (average of first and second morming BP surge minus third morning BP surge).

FP<.001; 8P <.01;|P<.05.
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Table 4. Adjusted morning blood pressure (BP) surge status and multiple silent cerebral infarct (SCI)

Multiple SCI

Nonmultiple

Group Surge Group
Measure (n = 24) (n=74) P

Systolic BP

Morning BP surge* 38.6 x 2.5 30.1 + 1.9 .011

a-Adrenergic morning BP surget 21.7 + 2.6 7.2+ 20 < .001
Diastolic BP

Morning BP surge* 19.9+ 1.5 159+ 1.1 .037

a-Adrenergic morning BP surget 6.6 > 2.1 1.6 +15 .073

Data shown as mean = SE, after adjusting for age, sex, body mass Index, smoking status, hyperilpidemia, duration of hypertension, dose of

doxazosin, and 24-h systolic BP, using analysis of variance.
* Morning systolic BP minus lowest systolic BP during sleep.

1 Average of first and second morning BP surge minus third morning BP surge.

vated by increased shear stress'® and by increased sympa-
thetic tone (an ay-receptor mediated effect).!” Thus, in
atherosclerotic arteries, platelet activation in the moming
hours could contribute to the formation of microthrombus.

Determinants of Alpha Adrenergic
Morning BP Surge

We defined the a-adrenergic component of the MBPS as
the reduction of MBPS by doxazosin therapy. The a-ad-
renergic MBPS varied widely among individual patients,
even within the MS group, suggesting that the mechanism
of MBPS is heterogeneous. The function of the human
sympathetic nervous system is altered in important ways
by aging. Microneurographic recording from sympathetic
fibers and studies of spillover of the sympathetic neuro-
transmitter norepinephrine to plasma suggest that progres-
sive sympathetic activation occurs with aging,’ although
the sympathetic a-adrenergic vasoconstrictor responsive-
ness to endogenous norepinephrine release has been found
to be reduced with age in healthy men.'® Thus a,-adren-
ergic blocker therapy might be especially useful for el-
derly hypertensive patients whose BP level is
predominantly dependent on increased sympathetic activ-

cated that the doxazosin was more effective in older than
in younger hypertensive persons.”*

Alpha Adrenergic Morning BP Surge and
Cerebrovascular Disease

The a-adrenergic MBPS was positively associated with
the number of SCI in the multiple logistic regression
analysis, independently of age, 24-h BP, and other con-
founding variables. A general characteristic of antihyper-
tensive drugs is that the greater the baseline BP level, the
greater the BP reduction. Thus the a-adrenergic morning
BP surge, defined by the BP response to doxazosin, would
partly depend on the baseline morning BP surge level. The
morning surge is not exclusively mediated by the a-ad-
renergic sympathetic system, as it can also be controlled
by a nonspecific, appropriately timed intervention such as
extended release verapamil.'® However, in our study, the
difference in the slopes of the baseline moming BP surge
and the BP response to doxazosin (Fig. 2) between sub-
jects with multiple SCI and those without multiple SCI
may indicate that there is some a-adrenergic role in the
pathogenesis of silent hypertensive cerebrovascular dis-
ease. In addition, when we entered the MBPS and o-ad-

ity. In fact, the previous results of the HALT study indi-  remergic MBPS into the same model, only the
Table 5. Multiple logistic regression analysis for multiple silent cerebral infarcts
Model 1 Model 2 Model 3
Odds Ratio Odds Ratio Odds Ratio
Covariate (95% CI) P (95% CI) P (95% CI) P
Morning BP surge .
(10 mm Hg)* 1.63(1.13-2.34) .008 — 0.98 (0.58-1.64) .935

a-Adrenergic morning
BP surge (10 mm Hg)t —

1.93 (1.35-2.76) .0003 1.96 (1.21-3.16) .006

Adjusted odds ratios of the presence of multiple (more than two per person) silent cerebral infarcts after adjusting for age, sex, body mass
Index, smokling status, hyperlipidemla, 24-h systolic BP, and dally dose of doxazosin.

* Morning systolic BP minus lowest systolic BP during sleep.

1 Average of first and second moming BP surge minus third morning BP surge.

BP = blood pressure; Cl = confidence interval.
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a-adrenergic MBPS remained significantly correlated with
SCI. In the Surge group, subjects with higher a-adrenergic
surge had a markedly higher frequency of multiple SCI,
whereas none in the lower o-adrenergic Surge group had
multiple SCI. Because this was a cross-sectional study, the
causal relationships between the various factors remain
unclear. Increased sympathetic activity could accelerate
the progression of SCI formation through increased mom-
ing BP surge and other pathways such as platelet hyper-
activation, endothelial cell dysfunction, and increased
blood viscosity."* On the other hand, the presence of
multiple SCI might itself increase the morning BP surge
by altering central sympathovagal balance toward in-
creased sympathetic activity. Thus sympathetic activity is
increased in patients with clinically overt ischemic cere-
brovascular disease, as manifested by increased plasma
norepinephrine levels, which may be an independent risk
factor for future cardiovascular and cerebrovascular
events.'” In a study using muscle sympathetic nervous
activity recording, sympathetic nervous activity was
higher in the patients with cerebrovascular disease than in
control subjects, suggesting that the damage of cortical or
subcortical structures might cause an increase in basal
sympathetic activity.'® In our previous study, heart rate
variability, an indicator of autonomic nervous function,
was diminished in hypertensive patients with multiple
SCL?

Study Limitation

This study lacks specific data for other antihypertensive
drugs. The renin-angiotensin system,?’ which also exhibits a
morning surge,” could also contribute to the BP surge. Thus,
angiotensin converting enzyme inhibitors or angiotensin re-
ceptor blockers, particularly if administered to patients just
before they go to bed, may suppress the morning BP surge.
Labetalol,* an o/ blocker, and extended-release verapamil
taken at bedtime'® also blunt the moming BP surge. Because
our data suggest that the morning surge in sympathetic ac-
tivity may have detrimental effects, it is possible that patients
may benefit from treatments that inhibit this surge, either by
central or peripheral blockade of the a-adrenergic limb of the
sympathetic nervous system. At the same time it should be
borne in mind that in the Antihypertensive and Lipid-Low-
ering Treatment to Prevent Heart Attack Trial (ALLHAT),
the rate of hospitalization for congestive heart failure was
doubled in patients in the doxazosin arm compared with the
chlorthalidone arm,** and there was also a slightly higher risk
of stroke. However, the latter difference could be explained
by the lower BP levels in the chlorthalidone group. In reality,
most patients who are taking and e-blocker for lowering their
BP are likely to be taking a diuretic as well.

In conclusion, our study suggests that an increased
morning surge in BP, particularly that dependent on a-ad-
renergic activity, may be linked to the development of
hypertensive cerebrovascular disease.
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Case Report

Nocturnal Onset Ischemic Stroke Provoked
by Sleep-Disordered Breathing Advanced
With Congestive Heart Fallure |

Kazuomi Kario, Masato Morinari, Mitsunobu Mu'réta; o

Takaaki Katsuki, and Kazuyuki Shimada

hypoxia have been recognized to increase the risk

of cerebrovascular disease.! Kirkham et al re-
ported that nocturnal hypoxemia was a predictor of future
cerebrovascular events in sickle-cell disease.’ However, it
remains unclear whether nocturnal hypoxemic episodes
directly lead to nocturnal onset stroke, because other pre-
disposing conditions might confound the association be-
tween sleep-disordered breathing and the risk of stroke.
Congestive heart failure is often accompanied by central
sleep—disordered breathing.> We report here a case of
nocturnal onset ischemic stroke directly provoked by
sleep-disordered breathing, newly developed together with
congestive heart failure.

R ecently, sleep-disordered breathing and nocturnal

Case Report

The patient was a 67-year-old man who was diagnosed with
congestive heart failure April 17, 2001. He had a history of
coronary artery bypass grafting because of acute myocardial
infarction (three-vessel disease) 11 months previously, as
well as Leriche syndrome. He had been given anticoagulation
therapy with a prothrombin time of approximately 1.6 inter-
national normalized ratio (INR), antiplatelet therapy, nitrate,
and long-acting calcium antagonists, and his blood pressure
(BP) levels had been controlled from 130 to 160 mm Hg for
systolic BP, and from 75 to 90 mm Hg for diastolic BP.
Because of the development of mild congestive heart failure,
administration of a diuretic (spinoloractone) was started.
Mild left hemiparesis and sensory disturbance were present
when the patient awakened 15 days after starting diuretic
intake, and this neurologic deficit continued until the next
momning, One month after the episode, brain magnetic reso-
nance (MR) imaging revealed multiple cerebral infarcts on
T2-weighted imaging (Fig. 1A) and flair imaging (Fig. 1B).
Diffusion MR imaging revealed a new infarct corresponding
to the patient’s neurologic deficit (Fig. 1C, arrow). Brain MR

FIG. 1. Brain magnetic resonance (MR} i imaging 1 month after the
episode revealed multiple cerebral infarcts. (A) T2- -weighted imag-
Ing; (B) flair Imaging. Diffusion MR Imaglng revealed a new Infarct
corresponding to a neurologic deficit (€, arrow) in this patient.

angiography showed total occlusion of left internal carotid
artery (Fig. 2, arrow). When compared with the BP variables
obtained from ambulatory BP monitoring 3 months before
the episode, the BP variables 1 month after the episode were
significantly lower (after versus before the episode, 24-h BP:
111770 v 125/72 mm Hg; awake BP: 114/72 v 133/77 mm
Hg; sleep BP: 106/67 v 111/66 mm Hg). In addition, over-
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'Bram MR anglography dlsclosed total occlusion of the left
rotid artery (arrow) : ; :

night pulse oximetry one month after the episode newly
revealed moderate sleep-disordered breathing with a high
frequency of 4% desaturation episodes (29.2/h) during sleep,
whereas mean awake oxygen saturation was 97%. Polysom-
nography disclosed that the patient’s apnea—hypopnea index
was 55/h (central apnea dominant, 71% of total apnea). Three
months before the episode, his frequency of 4% desaturation
episodes during sleep had been only 4.8/h.

Discussion

In this patient, MR angiography examination revealed
occlusion of internal carotid artery; however, he had noted
no clinical neurologic deficits. Thus, we considered that
nocturnal hypoxia, which developed along with congestive
heart failure, directly triggered transient ischemic attack
with a new infarct verified by MR imaging of the brain, A
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previous case-control study showed that sleep apnea was
fivefold more frequent in patients with transient ischemic
attack than in a normal control group (62.5% v 12.5%).4 In
addition, nocturnal BP reduction (5 mm Hg reduction for
systolic BP) caused by a diuretic might reduce cercbral
perfusion and trigger a nocturnal ischemic episode. We
have recently reported that elderly hypertensive patients
with marked nocturnal BP fall (extreme dipping pattern)
reduction have a higher risk of stroke than with appropri-
ate nocturnal BP fall (more normal dipping pattern).’
During an apneic episode, cerebral perfusion pressure was
found to decrease by approximately 11.2 * 7.7 mm Hg
(mean * SD) from baseline,’ and a significant reduction in
middle cerebral artery blood flow velocity has been re-
ported.” In addition to the direct effect of hypoxia, these
intracranial hemodynamic changes in patients with mar-
ginal circulatory reserve would contribute to increase the
risk of ischemic stroke.

In this patient, onset of congestive heart failure per se
triggered nocturnal hypoxia. The use of diuretic therapy for
congestive heart failure may have independently contributed
to nocturnal hypoxia. Thus, this implies that initial therapy of
heart failure might emphasize nondiuretic options.

In conclusion, if congestive heart failure develops in
high-risk patients with severe systemic atherosclerosis,
simple evaluation of nocturnal hypoxemic episodes using
pulse oximetry should provide valuable information for
predicting the risk of stroke.
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Sleep Pulse Pressure and Awake
Mean Pressure as Independent Predictors
for Stroke in Older Hypertensive Patients

© Kazuomi Kario, Joji Ishikawa, Kazuo Eguchi, Masato Morinari,
" Satoshi Hoshide, Shizukiyo Ishikawa, and Kazuyuki Shimada

Background: It remains uncertain which is the stron-
ger predictor for stroke in older hypertensives, ambulatory
pulse pressure (PP) or mean blood pressure (MBP).

Methods: We studied the prognosis for stroke in 811
older hypertensives in whom ambulatory BP monitoring
was performed. We also assessed silent cerebral infarct
(SCI) by brain magnetic resonance imaging.

Results: Silent cerebral infarcts were found in 50% of
515 subjects (64% of the total population) in whom we
assessed SCI using brain magnetic resonance imaging.
During a mean of a 42-month follow-up period, stroke
events occurred in 59 subjects. After adjustment for co-
variates, for each 10 mm Hg increase in sleep PP, there
was an independent 43% (95% confidence interval [CI]:
16%-75%, P = .001) increase in the stroke risk, and sleep
MBP was not a significant factor after controlling for sleep
PP. On the other hand, for each 10 mm Hg increase in

awake MBP, there was an independent 48% (95% CI:
21%-81%, P = .0002) increase in the stroke risk, and
awake PP was not a significant factor after controlling for
awake MBP. After adjusting for SCI (a strong predictor, P
<C.0001) at baseline, the effects of awake MBP (38% risk
increase for each 10 mm Hg, P = .007) and sleep PP (32%
risk increase for each 10 mm Hg, P = .016) remained
significant,

Conclusions: In older hypertensives, the impacts of
PP and MBP on stroke risk are different during sleep and
awake periods. Sleep PP and awake MBP are both pre-
dictors of stroke events independently of SCI. Am J
Hypertens 2004;17:439-445 © 2004 American Journal of
Hyperntension, Ltd.

Key Words: Ambulatory pulse pressure, hypertension,
prognosis, silent cerebral infarct, elderly.

ecently, there is growing evidence that arterial
R stiffness is a predictor for cardiovascular events

and death.”™® Pulse pressure (PP), which is a
pulsatile component of blood pressure (BP), is one of the
indicators of arterial stiffness. Many prospective studies
have shown that PP is an important predictor of cardio-
vascular risk, and some studies have demonstrated that PP
is a stronger predictor of cardiovascular events than mean
BP (MBP; steady component), particularly in an elderly
population.*~® However, most of these prospective studies
showed that PP is an independent predictor of cardiovas-
cular event used casual BP. Although ambulatory BP is
known to be more closely associated with silent target
organ damage and cardiovascular risk than clinic BP, there

has been only a few prospective studies on the association
between ambulatory PP (APP) and cardiovascular risk.”™

Recently, silent cerebral infarct (SCI) is often detected by
brain magnetic resonance imaging (MRI) in older subjects,
particularly in those with hypertension.’®~!2 Silent cerebral
infarct is the strongest predictor of subsequent clinically overt
stroke.'"'2 The association between APP and stroke risk
might be related to SCI, and the stroke risk might be aug-
mented when elevated APP is accompanied by SCI.

To investigate whether APP is a risk factor for stroke in
relation to SCI in older hypertensives, we prospectively stud-
ied the stroke prognosis in 811 older hypertensive Japanese
patients in whom ambulatory BP monitoring (ABPM) was
performed in the absence of antihypertensive treatment,

Received October 7, 2003. First decision November 19, 2003. Accepted
Junuary 7, 2004.

From the Division of Cardiovascular Medicine, Department of Med-
icine (KK, JI, KE, MM, SH, K8), and the Department of Community and
Family Medicine (SI), Jichi Medical School, Tochigi, Japan.

This study was supported by a Grant-in-Aid (1992-2001) from the
Foundation for the Development of the Community (KK), a Research

© 2004 by the American Journal of Hypertension, Ltd.
Published by Elsevier Inc.

Grant for Cardiovascular Medicine (14-6) from the Ministry of Health,
Labor and Welfare (KK), and a Research Grant (C-2) from the Ministry
of Education, Science, and Culture (KK), Japan,

Address correspondence and reprint requests to Dr. Kazuomi Kario,
Division of Cardiovascular Medicine, Department of Medicine, Jichi
Medical School, 3311-1 Yakushiji, Minamikawachi, Kawachi, Tochigi,
329-0498, Japan; e-mail: kkario@jichi.ac.jp

0895-7061/04/$30.00
doi: 10.1016/j.amjhyper.2004.01.001



440 AMBULATORY PULSE PRESSURE AND STROKE

Methods
Subjects

This study is based on 811 older subjects (>50 years of
age) diagnosed with essential hypertension, who are the
participants of Jichi Medical School ABPM Study Wave
1.'* This represents 99% of the 821 subjects who were
initially enrolled in the study from six participating insti-
tutes (three clinics, two hospitals, and one outpatient clinic
of the university hospital) between Januvary 1, 1992, and
January 1, 1998. No patient had taken any antihyperten-
sive medication for at least 14 days before the ABPM
study, but 51% had a prior history of antihypertensive
medication. All of the subjects studied were ambulatory,
and all gave informed consent for the study. We excluded
from this study patients with renal failure (serum creati-
nine Jevel =176 mmol/L) or hepatic damage, with obvious
present illness, or with past history of coronary artery
disease, stroke (including transient ischemic attacks
[TIA]), congestive heart failure, or arrhythmia. Of the 811
patients, 515 (64%) agreed to and had a brain MRI. There
were no significant differences in the age, gender, PP, or
MBP parameters at the baseline, or in the incidence of
cardiovascular disease between these 515 subjects and the
other 296 subjects without brain MRI examination. This
study was approved by the Research Ethics Committee,
Department of Cardiology, Jichi Medical School, Japan.
All the results of the ABPM and brain MRI were retumed
to the physicians who followed up the subjects.

Twenty-four-hour ABPM

Noninvasive ABPM was carried out on a weekday with
one of three automatic ABPM devices (ABPM-630, Nip-
pon Colin Co., Aichi; TM-2421 or TM-2425, A&D Co.,
Tokyo, Japan), which recorded BP (by the oscillometric
method) and heart rate every 30 min for 24 h. We excluded
the subjects in whom we obtained valid BP readings in
<80% of either awake or asleep attempts, and those who
reported in our post-ABPM questionnaire that their sleep
was severely disturbed by wearing the ABPM. Sleep BP
was defined as the average of BPs from the time when the
patient went to bed until the time he/she got out of bed,
and awake BP as the average of BPs recorded during the
rest of the day.

Brain MRI

Brain MRI was carried out using a superconducting mag-
net with a main strength of 1.5T (MRT200FXII, Toshiba,
Tokyo; SIGNA-HorizonVer.5.8, General Electric Co., To-
kyo; or Vision, Siemens, Tokyo, Japan) within 3 months
of the ABPM. T1-weighted images and T2-weighted im-
ages were obtained in the transverse plane with 7.8- to
8.0-mm thick sections. An SCI was defined as a low signal
intensity area (3 to 15 mm) on T1-weighted images that
was also visible as a hyperintense lesion on T2-weighted
images, as described previously.'®'*'* Multiple SCI was
defined as =2 SCls in a person. The MRI images of the

AJH-May 2004-VOL. 17, NO. 5, PART 1

subjects were randomly stored and interpreted blind to the
subjects’ name and characteristics. The interclass (non-
SCI = 0, one SCI = 1, multiple SCIs = 2) kappa statistics
were 0.70 and 0.80 for inter-reader and intrareader, re-
spectively, in our laboratory.

Follow-up and Events

The patients’ medical records were intermittently re-
viewed after the subjects entered the study for drug ther-
apy and the occurrence of cardiovascular events. The
follow-up evaluation was performed during a 20-month
period from 1996 to 1998, and the mean follow-up period
was 42 months, with a range from 1 to 68 months. If
subjects stopped coming to the clinic, we conducted tele-
phone interviews. Events were classified as cardiac events,
stroke events, and noncardiovascular deaths. Stroke events
included ischemic stroke (cerebral infarction and cerebral
embolism), hemorrhagic stroke (cerebral hemorrhage and
subarachnoid hemorrhage), and undefined type of stroke,
but excluded TIA (transient neurologic deficits that disap-
pear within 24-h after the onset). Cardiac events included
fatal and nonfatal acute myocardial infarction, unex-
plained sudden death within 6 h of the abrupt onset of
symptoms, and coronary revascularization. Fatal event
was defined when death occurred within 1 month from the
event. These events were accepted if documented in the
medical records, or if confirmed by a general practitioner.
We excluded 15 possible TIA from the stroke events. Of
the total 821 eligible subjects at baseline, follow-up was
achieved in 811 (99%) subjects, and the data analysis was
restricted to these subjects.

Statistical Analysis

Data are expressed as the mean (SD). One-way ANOVA
was performed to detect differences among groups in mean
values, and the )* test was used to detect differences
among groups in prevalence rates. Adjusted odds ratio and
95% confidence intervals (95% CI) for baseline SCI were
calculated using stepwise multiple logistic analysis, and
adjusted relative risks (RR) and 95% CI for future stroke
risk were calculated using forced or stepwise Cox regres-
sion analysis. For the subjects who experienced multiple
nonfatal cardiovascular events, the analysis included only
the first stroke event. These statistical analyses were per-
formed using SPSS version 8.0 (SPSS Inc., Chicago, IL).
Differences with P < .05, two-tailed, were considered
statistically significant.

Results

During the 42-month follow-up period, 59 clinically overt
stroke events (38 ischemic strokes, 9 hemorrhagic strokes,
12 unknown subtype), and 20 fatal cardiovascular events
(13 fatal strokes and 7 fatal cardiac events) occurred. At
the time of the final follow-up, 426 (53%) of the total 811
patients were receiving antihypertensive medications (di-
uretics, a- or B-blockers, calcium antagonists, or angio-
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Table 1. Baseline characteristics of subjects with and without future stroke events

Stroke Events

Total Population No Events Events
Measures (n =811) (n =752) (n =59)
Age (yr) 72 (9.8) 72 (9.9) 78 (7.1)*
Male (%) 49 37 51%
Body mass index (kg/m?) 23.9 (3.5) 24.0 (3.5) 23.0 (3.6)t
Clinic systolic BP (mm Hg) 164 (18) 164 (18) 171 (19)*
Clinic diastolic BP (mm Hg) 90 (14) 90 (93) 93 (14)
Clinic mean BP (mm Hg) 115 (13) 115 (13) 119 (14)%
Clinic pulse pressure (mm Hg) 74 (16) 73 (16) 78 (15)t
Smoker (%) 20 19 41%*
Diabetes mellitus (%) 12 12 17
Hyperlipidemia (%) 19 19 17
Ambulatory BP parameters (mm Hg)
24-h systolic BP 138 (16) 137 (16) 148 (16)*
24-h diastolic BP 78 (9.7) 78 (9.7) 82 (9.7)*
24-h mean BP 98 (12) 98 (11) 104 (11)*
24-h pulse pressure 60 (9.3) 59 (9.0) 66 (11)*
Awake systolic BP 145 (18) 144 (18) 153 (17)*
Awake diastolic BP 82 (11) 81 (11) 85 (10)t
Awake mean BP 103 (13) 102 (13) 108 (12)*
Awake pulse pressure 63 (10) 63 (9.8) 68 (11)*
Sleep systolic BP 127 (18) 126 (18) 138 (20)*
Sleep diastolic BP 72 (11) 72 (11) 76 (12)t
Sleep mean BP 90 (13) 90 (12) 97 (14)*
Sleep pulse pressure 55 (11) 54 (10) 61 (12)*

Data are shown as means (SD) or percentages.
* P <.001,1P<.01, 4P < .05v no event group.

tensin-converting enzyme inhibitors). Strokes occurred in
32 (8.3%) of 385 untreated hypertensives, and in 27
(6.3%) of 426 treated hypertensives (3 = 1.2, P = .28).

Baseline Characteristics

Table 1 lists baseline characteristics of studied hyperten-
sives with and without future stroke events. The mean age
and clinic and ambulatory BP and PP levels and the
prevalences of men and smokers were significantly higher,
and body mass index (BMI) was significantly lower in the
hypertensives who developed future stroke event (stroke
group), than in those who did not develop stroke (non-
stroke group; Table 1). The prevalences of SCI and mul-
tiple SCI were significantly higher in the stroke group (n
= 43) than in the nonstroke group (n = 472) (86% v 47%,
P <.0001; 31% v 77%, P < .0001, respectively).

Stroke Risk and Pulse
Pressure and Mean BP

Figs. 1A and C depict the association between PP tertiles
and stroke risk unadjusted and adjusted for covariates
(age, gender, BMI, diabetes, hyperlipidemia, antihyperten-
sive medication, and MBP) using Cox regression analysis,
separated for clinic, 24-h, awake, and sleep BPs. There
were marked positive associations between all PP param-
eters and unadjusted stroke risk; however, after adjustment
for covariates, only the clinic and sleep PPs remained
significant. Table 2 shows the results of Cox regression

analysis, in which the same covariates as in Fig. 1C were
included and PP and MBP parameters were considered as
continuous variables. For each 10 mm Hg increase in sleep
PP, there was an independent 43% (95% ClL:16%~-75%, P
= .001) increase in the stroke risk, and sleep MBP did not
yield significance after controlling for sleep PP. On the
other hand, for each 10 mm Hg increase in awake MBP,
there was an independent 48% (95% Cl1:21%~81%, P =
.0002) increase in the stroke risk, and awake PP did not
yield significance after adjusting for awake MBP.

Fig. 2 shows the stroke incidence in the subjects sepa-
rated according to sleep PP and awake MBP. The stroke
incidence was 8.7 times higher in the highest risk hyper-
tensives with awake MBP =110 mm Hg (the highest
tertile) and sleep PP =60 mm Hg (the highest tertile) than
in the lowest risk hypertensives with low awake MBP <95
mm Hg (the lowest tertile) and low sleep PP <50 mm Hg
(the lowest tertile). When both sleep PP and awake MBP
were entered into the same model including covariates
(age, gender, BMI, diabetes, hyperlipidemia, antihyperten-
sive medication), both sleep PP (RR = 1.32, P = .04) and
awake MBP (RR = 1.35, P = .01) were associated with
stroke risk independently of each other (Table 3).

Fatal Cardiovascular Events

Fig. 1B shows the association between PP tertiles and fatal
cardiovascular event risk unadjusted. After adjusting for
the covariates listed in Table 2 (age, gender, BMI, diabe-
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FIG. 1. A) Stroke incidence (unadjusted). B) Fatal cardiovascular
event incidence (unadjusted). C) Relative risk for stroke event (ad-
justed for age, gender, body mass index, diabetes, hyperlipidemia,
antihypertensive medication, and mean blood pressure) in each
tertile of pulse pressure (PP) parameter.

tes, hyperlipidemia, antihypertensive medication) wsing
Cox regression analysis, all APP parameters (clinic, 24-h,
awake, and sleep) were predictors for fatal cardiovascular
events (fatal stroke and cardiac events), independently of
MBP parameters. For each 10 nun Hg increase in PP, there
was an independent 41% (95% CI: 10%—81%, P = .007)
increase for clinic BP, 71% (95% Cl: 21%—-141%, P =
.003) increase for 24-h BP, 64% (95% Cl:13-137%,
p=0.01) incrcasc for awake BP, and 63% (95% CI: 21%-
121%., P = .002) for sleep BP in the stroke risk, whercas
clinic, 24-h. awake. and sleep MBPs did not yield signif-
icance after controlling for PP parameters.
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Table 2. Results of stepwise Cox regression anal-
ysis for clinical stroke event (n = 811)

Relative Risk

Covariates (95% C1) P
Clinic BP
Age (10 yr) 1.91 (1.46-2.51) .0000
Current smoker 2.69 (1.59-4.53) .0004
Clinic mean BP
(10 mm Hg) 1.26 (1.07-1.49) .0084
24-h BP
Age (10 yr) 1.94 (1.48-2.53) .0000
Current smoker 2.39 (1.42-4.03) .0016
24-h mean BP
{10 mm Hg) 1.56 (1.27-1.91) .0000
Awake BP
Age (10 yr) 2.01 (1.53-2.64) .0000
Current smoker 2.55(1.52-1.81) .0007
Awake mean BP ,
(10 mm Hg) 1.48 (1.21-1.81) .0002
Sleep BP
Age (10 yr) 1.68 (1.26-2.24)  ,0003
Current smoker 2.38 (1.40-4.03) .0020
Sleep pulse pressure
(10 mm Hg) 1.43 (1.16-1.75) .0012

CI = confidence interval. Age, gender (women = 0, men = 1), body
mass index, smoking status (absence = 0, presence = 1), diabetes
(absence = 0, presence = 1), hyperlipidemia (absence = 0, pres-
ence = 1), antihypertensive medication (absence = 0, presence =
1), and clinic, 24-h, awake, and sleep mean BP and pulse pressure
were selected for the stepwise Cox regression analysis.

Impact of Silent Cerebral Infarct

Then we gronped the 515 subjects who had both ABPM
and brain MRl into 258 subjects without SCI and 257 with
SCI. There was a positive association between all PP
parameters (clinic, 24-h, awake, and sleep) and SCI (data
not shown). However, after adjusting for covariates (age,
gender, BMI, diabetes, hyperlipidemia, antihypertensive
medication) using stepwise multiple logistic regression

Stroke incidence

FIG. 2. Stroke incidence from the first to the third tertile of the
distribution of pulse pressure (PP) parameters and awake mean
blood pressure (BP).
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Table 3. Results of forced Cox regression analysis for clinical stroke event

Model 1 (n = 811)

Model 2 (n = 515)

Relative Risk Relative Risk

Covariates (95% CI) P (95% CI) P
Age (10 yr) 1.82 (1.33-2.48) .0002 1.72 (1.13-2.61) .01
Male 1.45 (0.81-2.59) .21 1.19 (0.58-2.43) .64
Body mass index (kg/m?) 0.99 (0.92-1.08) .87 1.01 (0.92-1.11) .79
Current smoker 2.14 (1.18-3.87) .01 2.06 (1.03-4.13) .04
Diabetes 1.03 (0.51-2.10) .93 0.91 (0.42-1.99) .81
Hyperlipidemia 1.56 (0.76-3.20) .23 1.14 (0.50-2.56) .76
Antihypertensive medication 0.71 (0.41-1.24) .23 0.51 (0.26-0.98) .04
Silent cerebral infarct Not inciuded 4.49 (1.85-10.9) .0009
Awake mean BP (10 mm Hg) 1.35 (1.07-1.69) .01 1.30 (1.00-1.69) .048
Sleep pulse pressure (10 mm Hg) 1.32 (1.02-1.72) .04 1.30 (0.98-1.72) .066

CI = confidence interval, Age, gender (women = 0, men = 1), body mass index, smoking status (absence = 0, presence = 1), diabetes
(absence = 0, presence = 1), hyperlipidemia (absence = 0, presence = 1), antihypertensive medication (absence = 0, presence = 1), awake
mean BP, and sleep pulse pressure were selected for the Model 1 of the forced Cox regression analysis. The silent cerebral infarct (absence

= 0, presence = 1) was added in Model 2.

analysis, MBP parameters (clinic, 24-h, awake, sleep)
significantly were associated with SCI (0 = absent, 1 =
present): however, none of the PP parameters yielded
statistical significance (Table 4).

Stroke occurred in 6 (2.3%}) of the non-SCI group, and
in 37 (14%) of the SCI group, indicating that SCI is a
strong predictor of clinical stroke (RR = 7.1, P < .0001).
The association between SCI (0 = absent, 1 = present)
and stroke risk remained significant independently of all
parameters of PP and MBP. Fig. 3 shows the positive
associations between PP parameters and stroke risk in both

Table 4. Results of stepwise multiple logistic anal-
ysis for silent cerebral infarct detected by brain MRI
(n = 515)

Odds Ratio

Covariates (95% CI) P
Clinic BP
Age (10 yr) .98 (1.59-2.49) .0000
Male 1.80 (1.24-2.64) .0021
Clinic mean BP
(10 mm Hg) 1.19 (1.04-1.36) .0092
24-h BP
Age (10 yr) 2.03 (1.62-2.55) .0000
Male 1.62 (1.10-2.39) .0136
24-h mean BP
(10 mm Hg) 1.28 (1.09-1.51) .0021
Awake BP
Age (10 yr) 2.07 (1.65-2.60) .0000
Male 1.63 (1.11-2.39) .0130
Awake mean BP
(10 mm Hg) 1.31 (1.13-1.52) .0003
Sleep BP
Age (10 yr) 1.99 (1.59-2.49) .0000
Male 1.67 (1.14-2.45) .0087
Sleep mean BP
(10 mm Hg) 1.20 (1.04-1.39) .0138

Abbreviations as in Table 2.

the SCI group and non-SCI group. To study the potential
mediating role of SCI in the association between PP,
MBP, and stroke risk, we added SCI (0 = absent, 1 =
present) into the same model as used for the results shown
in Table 2. The impacts of clinic MBP (RR =123, P=
.03), awake MBP (RR = 1.38, P = .007), and sleep PP
(RR = 1.32, P = .016) on stroke risk remained significant
independently of SCI. Instead of 24-h mean BP (indepen-
dent predictor for stroke event in Table 2), 24-h PP ap-
peared to be a significant predictor for stroke event (RR =
1.41, P = .015) in this model that included SCI

Discussion

This study has first demonstrated that in older hyperten-
sives, the impacts of PP and MBP on stroke risk are
different during sleep and awake periods. Sleep PP and
awake mean BP were independent predictors for stroke
events. These associations were independent of other car-
diovascular risk factors and SCL

Sleep Pulse Pressure

All PP parameters (clinic, 24-h, awake, and sleep) were
positively associated with stroke risk. However, after ad-
justing for covariates, only sleep PP remained significant
independently of MBP. Previous studies have not studied
the association of PP and MBP with cardiovascular events
separately for awake and sleep periods. To consider the
possible mechanism for the difference in the association of
the PP and MBP with stroke events between the sleep and
awake periods, we have to consider diurnal changes of
neurohumoral factors. Although PP is totally considered as
a global indicator of arterial stiffness, various factors such
as stroke volume, rapidity of ventricular ejection, vis-
coelastic properties of large arteries, and timing of re-
flected pulse waves from the peripheral sites determine
PP.'"* In an acute human study, pulse wave velocity was
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Stroke incidenc

FIG. 3. Stroke incidence from the first to the third tertile of the distribution of pulse pressure (PP) parameters in the groups with and without
baseline silent cerebral infarct detected by brain magnetic resonance imaging. (A: clinic PP; B: 24-h PP; C: awake PP; D: sleep PP).

unaffected by B-adrenergic blockade, but was reduced by
combined a- and B-adrenergic blockade, indicating that
sympathetic nervous activity affects the functional stiff-
ness of the large artery.'® In addition, infusion of angio-
tensin II increases augmentation index, which implies an
augmentation of pressure during the late systolic phase,
resulting in increased PP."® Thus, it is possible that the
diurnal variation in these neurohumoral activities will
change the PP during different diurnal periods. During the
sleep period, parasympathetic activity increases with di-
minished sympathetic activity. The activity of the renin-
angiotensin system also decreases during the sleep period.
Thus, sleep PP may more closely reflect structural arterial
stiffness with less effect on the neurohumoral factors, whereas
awake PP may reflect not only structural stiffness but also
functional stiffness, which is also affected by diumnal neuro-
humoral activation. The results of our study indicate that
structural arterial stiffness might be a more powerful deter-
minant of stroke event in the elderly hypertensives.

In addition, the marked dilatation of all peripheral arte-
riole, which usually occurs during night, might lead to a
greater decrease in diastolic BP than systolic BP, which
consequently discloses the predictive value of sleep PP
(superior to that of sleep MBP) for stroke. This phenomenon
might be particularly relevant in the elderly. Furthermore,
an increased PP itself may be a causal mechanism for
plaque disruption. A recent study (European Carotid Surgery
Trial) demonstrated that PP is independently associated with
carotid plaque ulceration in patients with carotid stenosis,
suggesting that pulsatile hemodynamic forces are an impor-
tant- cause of plaque rupture leading to cardiovascular

events.'®

Awake, Twenty-four-hour, and
Clinic Pulse Pressure

On the other hand, after adjusting for covariates, awake,
24-h, and clinic PPs were not associated with stroke inde-
pendently of MBP. Instead, awake, 24-h, and clinic MBPs
were independent predictors for future stroke. In previous
prospective studies, contradictory results were obtained
regarding the association between clinic PP and stroke
risk.* In the Systolic Hypertension in the Elderly Program
(SHEP), both PP and MBP were independent predictors of
stroke.'” In the recent analysis of the Medical Research
Council (MRC) Mild Hypertension Trial, stroke risk was
best predicted by MBP,'® and in the European Working
Party on Hypertension in the Elderly (EWPHE), MBP was
a predictor for stroke even after adjusting for PP, whereas
PP did not significantly predict stroke after adjusting for
MBP.*" In contrast, in the Systolic Hypertension in El-
derly in Europe (Syst-Eur) and Systolic Hypertension in
Elderly in Chinese (Syst-China) studies of elderly patients
with isolated systolic hypertension, PP was a stronger
predictor of siroke than MBP.” One prospective study
using ABPM found an independent positive association
between 24-h PP and cardiac events, but did not find an
independent association between 24-h PP and stroke.’
However, that study did not analyze separately for sleep
and awake periods. In addition, their study population was
much younger (mean age, 51 years) than our population
(mean age, 72 years). In study populations with different
ages, PP seems to have a different impact on stroke,
because in another prospective study using ABPM, an
independent impact of PP on cardiovascular events was
only found in older patients aged 65 years or more. How- °
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ever, MBP was an independent determinant for cardiovas-
cular events in younger adults aged <65 years.® It appears
that when the stroke risk is analyzed separately for sleep
and awake periods in older hypertensive patients, the
association between APP and stroke risk might be signif-
icant, even after adjusting for MBP. The impacts of awake
MBP and sleep PP on stroke risk were independent of each
other, even after adjusting for covariates.

Impact of Silent Cerebral Infarcts

Silent cerebral infarct are predominantly small lacunar
infarcts with various types of pathogenesis including mi-
croathoeroembolism, hemodynamic infarction, and arte-
riosclerosis of small penetrating arteries. In the present
study, the presence of SCI was a powerful predictor of
future stroke. This association was independent of all
parameters of PP and MBP. On the other hand, the posi-
tive association between sleep and 24-h PPs and stroke
risk was independent of the presence or absence of SCL
Thus, our study indjcates that in the elderly hypertensive
patients, both large vessel disease (increase in PP) and
small vessel disease (SCI) determine the risk of future
stroke independently of each other.

There was a positive association between all PP param-
eters (clinic, 24-h, awake, and sleep) and SCI. However,
after adjusting for covariates, this association was not
independent of MBP. In contrast, all MBP parameters
were determinants for SCI independently of PP parame-
ters. These results may imply that the steady BP overload
(MBP) is main determinant for the progression of arterio-
sclerosis of small cerebral arteries resulting in the forma-
tion of small lacunar infarcts than the pulsatile component
(PP) in hypertensive patients.

Fatal Cardiovascular Events

Because of the small number of fatal stroke events in this
study, we combined the fatal stroke and cardiac events as
fatal cardiovascular events. All PP parameters (clinic,
24-h, awake, and sleep) had stronger effects on the fatal
cardiovascular events than MBP parameters. The impact
of PP may be greater on fatal events than nonfatal cardio-
vascular events in elderly hypertensives.

In conclusion, in older hypertensive patients, APP, par-
ticularly during the sleep period, is an important predictor
for future stroke risk, independent of age and ambulatory
MBP. Antihypertensive therapy targeting the reduction of
the pulsatile component of BP in addition to reducing the
steady component may achieve more effective reduction of

stroke risk.
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Comparison of Valsartan and Amlodipine
on Ambulatory and Morning Blood
Pressure in Hypertensive Patients

Kazuo Eguchi, Kazuomi Kario, Yoko Hoshide, Satoshi Hoshide, Joji Ishikawa,
Masato Morinari, Shizukiyo Ishikawa, and Kazuyuki Shimada

Background: Cardiovascular events occur most fre-
quently in the morning. We aimed to study the effects of
monotherapy with the long-acting angiotensin Il receptor
blocker valsartan compared with the long-acting calcium
antagonist amlodipine on ambulatory and moring blood
pressure (BP).

Methods: We performed ambulatory BP monitoring
before and after once-daily dose of valsartan (valsartan
group, n = 38) and amlodipine (amlodipine group, n =
38) therapy in 76 hypertensive patients. To achieve the
target BP of =140/90 mm Hg, valsartan was titrated from
40 mg/day to 160 mg/day (mean dose 124 mg/day) and
amlodipine was titrated from 2.5 mg/day to 10 mg/day
(mean dose 6.4 mg/day).

Results: Both drugs significantly reduced clinic and
24-h systolic BP (SBP) and diastolic BP (DBP) (P <
.002). However, the antihypertensive effect of amlodipine
was superior to that of valsartan in clinical SBP (—26 mm

Hg v —13 mm Hg, P = .001) and 24-h SBP (—14 mm Hg
v —7 mm Hg, P = .008). In addition, morning SBP was
significantly reduced by amlodipine from 156 to 142 mm
Hg (P < .001) but not by valsartan. Both agents reduced
lowest night SBP to a similar extent (amlodipine 121 to
112 mm Hg, P < .001; valsartan 123 to 114 mm Hg, P <
.002). Reduction in moring SBP surge (moming SBP
minus lowest night SBP) was significantly greater in pa-
tients treated with amlodipine compared with those treated
with valsartan (—6.1 mm Hg v +4.5 mm Hg, P < .02).

Conclusions: Amlodipine monotherapy was more ef-
fective than valsartan monotherapy in controlling 24-h
ambulatory BP and moming BP in hypertensive patients.
Am J Hypertens 2004;17:112-117 © 2004 American Jour-
nal of Hypertension, Ltd.

Key Words: Valsartan, amlodipine, ambulatory blood
pressure, morning blood pressure surge.

associated with target organ damage and clinical
1-5

A mbulatory blood pressure (BP) levels are closely

cardiovascular events in hypertensive patients.
Cardiovascular events occur more frequently in the morn-
ing, and ambulatory BP exhibits a diurnal variation with
increases in the morning (morning BP surge).®’ The
morning BP surge was previously reported to be associ-
ated with cardiac hypertrophy in hypertensive patients.®
Recently we have shown that the moming BP surge was
significantly associated with an increased risk of stroke in
hypertensive patients.” This association was independent
of age and 24-h BP level. Thus, antihypertensive medica-
tion more specific for morning BP in addition to 24-h BP
would be useful for the prevention of cardiovascular
events in hypertensive patients.
The renin-angiotensin-aldosterone system (RAAS) is
activated in the morning, and may contribute to morning

BP surge’ and to morning increase in cardiovascular risk.
Valsartan, a long-acting angiotensin receptor blocker
(ARB), has been reported to have a BP lowering effect
similar to that of amlodipine, a long-acting calcium antag-
onist, for controlling ambulatory BP level without disrup-
tion of its diumal variation in hypertensive patients.'®
However, specific comparison of the BP lowering effect
on ambulatory BP, moming BP, and moming BP surge
between valsartan and amlodipine has not been conducted
with each single-drug therapy in hypertensive patients.

Methods
Study Patients
This study was a multicenter, open-label, randomized

study of the effects of once-daily morning administration
of amlodipine and valsartan on ambulatory BP, including
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Table 1. Patient baseline characteristics

Amlodipine Valsartan

Group Group
Characteristics (n=38) (n=38)
Age (yr) 65.7 (8.2) 65.5 (13)
Male gender (%) 32 37
BMI (kg/m?) 25.2 (4.0) 23.7 (3.7)
Duration of HT (yr) 4.7 (3.2) 6.4 (7.0)

Hyperlipidemia (%) 29 39

Clinic SBP {mm Hg) 164 (8.4) 163 (16)
Clinic DBP (mm Hg) 93 (14) 91 (11)
Clinic PR (mm Hg) 71 (15) 72 (12)
24-h SBP (mm Hg) 147 (12) 148 (12)
24-h DBP {(mm Hg) 83 (8.4) 86 (7.7)
24-h PR (mm Hg) 66 (8.4) 68 (8.3)
Awake SBP (mm Hg) 155(12) 155(12)
Awake DBP {mm Hg) 88 (9.2) 90 (7.7)
Awake PR (mm Hg) 70 (9.9) 72 (8.8)
Sleep SBP (mm Hg) 131 (16) 135 (19)
Sleep DBP (mm Hg) 75 (9.2) 77 (10)
Sleep PR (mm Hg) 60 (6.5) 59 (7.2)
Morning SBP (mm Hg) 156 (16) 154 (19)
Morning DBP {mm Hg) 89 (9.8) 90 (13)
Morning PR (mm Hg) 68 (10) 72 (8.6)
Lowest night SBP (mm Hg) 121 (14) 123 (19)
Lowest night DBP (mm Hg) 68 (9.1) 69 (10)
Lowest night PR (mm Hg) 59 (6.5) 60 (9.0)

Data did not show any statistical significance between the amlodip-
ine and the valsartan group.

BMI = body mass Index; DBP = dlastollc blood pressure; PR =
pulse rate; SBP = systolic blood pressure.

~ morning BP. The subjects included older Japanese hyper-
tensive patients at four Japanese hospital clinics. The entry
period was May 2002 to May 2003. A total of 76 patients
(26 men and 50 women, mean age 65.6 years) with aver-
age seated clinic systolic BP (SBP) =140 mm Hg and <
180 mm Hg, or diastolic BP (DBP) =90 mm Hg and <110
mm Hg during the follow-up period (1 to 2 weeks) were
recruited for this study. To be included in the study,
patients were required to be =40 years of age, to have a
diagnosis of essential hypertension, and to have no history
of other significant medical disorders including diabetes,
renal failure (serum creatinine =2.0 mg/dL), atrial fibril-
lation, or any clinically overt cardiovascular disease. All
patients were fully ambulant. Body mass index was cal-
culated as weight (killograms)/height (meters)?.

Study Design

Each patient was studied for a maximum of 18 weeks, with
a run-in period of 1 to 2 weeks and a treatment period of
up to 8 to 16 weeks. After the run-in period, the valsartan
group (n = 38) was started on 40 to 80 mg of valsartan just
after breakfast, subsequently increasing the dose by 40-mg
increments with an interval of 4 weeks (maximal dose 160
mg). The amlodipine group was started on 2.5 to 5 mg of
amlodipine, increasing by 2.5 mg, unless the patient’s BP
had already been reduced to <140 mm Hg for SBP and
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<90 mm Hg for DBP or unless adverse events had oc-
curred. Informed consent was obtained from all study
participants, and the study was approved by the Research
Ethics Committee of the Department of Cardiology, Jichi
Medical School.

Ambulatory BP Monitoring

Noninvasive ambulatory BP monitoring (ABPM) was car-
ried out twice on two separate weekdays with one of two
automatic ABPM devices (TM-2421 or TM-2430, A&D
Co., Tokyo, Japan), which recorded BP and pulse rate by
the oscillometric method every 30 min for 24 hours. The
first ABPM was performed at the end of the run-in period
and the second ABPM at the end of the treatment period of
8 to 16 weeks.

Twenty-four-hour BP was defined as the average of all
BP readings throughout 24 hours.” The subjects were all
ambulant during the day, and no subjects reported staying
in bed after waking. Sleep BP was defined as the average
of BP from the time when patients went to bed until the
time they got out of bed; awake BP was defined as the
average of BP recorded during the rest of the day.'!
Moming BP was defined as the average of BP during the
first 2 h after waking (four BP readings).® The lowest night
BP was defined as the average BP of three readings
centered on the lowest nighttime reading. The morning BP
surge was calculated as the morning SBP minus the lowest
night SBP.® No participants complained of sleep distur-
bance due to ABPM.

Statistical Analysis

All statistical analyses were carried out with SPSS soft-
ware package, version 11.0 (SPSS Inc., Chicago, IL). A
two-tailed paired ¢ test was used to compare the mean
values before and after each drug therapy. The X test was
applied to examine differences between the prevalence in
the two groups. Data are expressed as the mean + SD or
prevalence. A value of P < .05 was considered to be
significant.

Results

All but one patient completed the study protocol. The
clinic BP of this patient was 152/93 mm Hg at baseline
and remained elevated even after valsartan was titrated to
160 mg/day, resulting in the patient discontinuing the
study. However, 40 days after starting valsartan therapy,
this patient’s second ABPM was performed and the data
were included in the analysis. Three adverse reactions
were noted in the valsartan group (general fatigue in one
patient, slight facial edema in one, and oral dysesthesia in
one) and one adverse reaction (general fatigue) in the
amlodipine group. All patients in the amlodipine group
completed the study.

Baseline characteristics, including ambulatory BP of
the study subjects, were comparable between the amlodip-
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Table 2. Blood pressure before and after treatment

Amlodipine Group {(n = 38) Valsartan Group (n = 38)
Baseline Amlodipine P Baseline Valsartan P
Clinic SBP {mm Hg) 164 (8.4) 138 (7.3) < .001 163 (16) 150 (19) < .001
Clinic DBP (mm Hg) 93 (14) 83 (7.2) <.001 91 (11) 84 (12) .001
Clinic PR (mm Hg) 71 (15) 67 (11) 11 72 (12) 71 (11) 445
24-h SBP (mm Hag) 147 (12) 133 (10) < .001 148 (12) 141 (14) .001
24-h DBP (mm Hg) 83 (8.4) 78 (7.8) < .001 86 (7.7) 83 (8.8) .002
24-h PR (mm Hg) 66 (8.4) 69 (7.5) .007 68 (8.3) 68 (8.4) .861
Awake SBP (mm Hg) 155 (12) 140 (12) < .001 155 (12) 148 (15) .001
Awake DBP (mm Hg) 88 (9.2) 82 (8.1) < .001 90 (7.7) 87 (9.0) .005
Awake PR (mm Hg) 70 (9.9) 73 (8.8) .004 72 (8.8) 71 (9.0) .653
Sleep SBP (mm Hg) 131 (16) 119 (12) < .001 135 (19) 128 (18) .015
Sleep DBP (mm Hg) 75 (9.2) 70 (8.3) < .001 77 (10) 73 (9.8) ..016
Sleep PR {(mm Hg) 59 (6.5) 60 (7.0) .04 59 (7.2) 60 (8.3) .707
Morning SBP {(mm Hg) 156 (16) 142 (11) < .001 154 (19) 151 (19) .396
Morning DBP (mm Hg) 89 (9.8) 85 (10) .006 90 (13) 88 (13) 437
Morning PR (mm Hg) 68 (10) 72 (9.9) .006 72 (8.6) 70 (9.9) .226
Lowest night SBP (mm Hg) 121 (14) 112 (11) <.001 123 (19) 114 (18) .002
Lowest night DBP (mm Hg) 68 (9.1) 66 (8.7) .053 69 (10) 66 (11) ..078
Lowest night PR (mm Hg) 59 (6.5) 61 (7.8) .218 60 (9.0) 59 (8.7) 473

Paired t test was used for comparison between baseline and posttreatment values.
Abbreviations as in Table 1.

ine and valsartan groups (Table 1). Clinic BP, 24-h BP,  SBP) was significantly greater in the amlodipine group
awake BP, and sleep BP decreased significantly in both  than in the valsartan group (—6.1 mm Hg v +4.5 mm Hg,
groups (Table 2). However, the reduction in all BP param- P = .02; Fig. 1).
eters (clinic SBP —26 mm Hg v —13 nun Hg, P = .001), There were no significant differences in reduction of
24-h SBP (—14 mm Hg v =7 mm Hg, P = .008), and  24-h SBP (7.7 mm Hg v 6.4 mm Hg) and morning SBP
awake SBP (—15 mm Hg v —7 mm Hg, P = .007) were (3.0 mm Hg v 2.8 mm Hg) between the lower dose (40 to
significantly greater in the amlodipine group than in the 80 mg/day) and the higher dose (120 to 160 mg/day)
valsartan group (Fig. 1). valsartan groups. There was no significant difference in the
Valsartan did not significantly reduce moming SBP,  BP reduction of 24-h SBP (12 mm Hg v 16 mm Hg) and
although it reduced the lowest night SBP (P = .002; Table =~ morning SBP (14 mm Hg v 15 mm Hg) between the lower
2). In contrast, amlodipine reduced both morning SBP and  dose (2.5 to 5.0 mg/day) and the higher dose (7.5 to 10
the lowest night SBP (both P < .001). The reduction of  mg/day) amlodipine groups. With regard to both the lower
morning SBP surge (moming SBP minus lowest night  and higher doses, the BP lowering effect was significantly
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FIG. 1. Differences in clinic systolic blood pressure and ambulatory systolic blood pressure before and after amlodipine and valsartan
treatment. Black bars, amlodipine group; white bars, valsartan group. BP = blood pressure. *P < .05 v valsartan group by ANOVA
(between groups); ¥*P < .01 v valsartan group by ANOVA,



