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Table 1. Baseline Clinical Characteristics

Total Low CV group High CV group
(n=106) (n=60) (n=46) pvalue
Age (years old; mean+SD) 73.9+8.1 74.4%7.9 73.2+8.3 NS
(range) (60~-91) (60-91) (60-87)
Sex (men) (n (%)) 58 (54%) 36 (60%) 22 (48%) NS
WHO class (n (%))
1 31 (29%) 22 (37%) 9 (20%) NS
I 22 (21%) 12 (20%) 10 (22%)
m 53 (50%) 26 (43%) 27 (58%)
Smoking (72 (%)) 53 (50%) 32 (53%) 21 (46%) NS
Antihypertensive drug (n (%))
ACE inhibitor 19 (18%) 10 (17%) 9 (20%) NS
-Blocker 7 (1%) 4 (T%) 3 (1%)
Ca channel blocker 82 (77%) 48 (80%) 34 (74%)
Diuretics 13 (12%) 8 (13%) 5 (11%)
Complicaton (# (%))
Hypercholesterolemia 33 (31%) 21 (35%) 12 (26%) NS
Diabetes 36 (34%) 22 (37%) 14 (30%) NS
Cerebrovascular disease 32 (30%) 19 (32%) 13 (28%) NS
Coronary artery disease 19 (18%) 9 (15%) 10 (22%) NS
Total cholesterol (mg/dl; meantSEM) 189.5£12.2 180.5£13.3 209.1£11.4 NS
Creatinine (mg/dl; meantSEM) 1.0+0.1 0.9+0.1 1.0+0.1 NS

CV, coefficient of variation; ACE, angiotensin converting enzyme.

plays a pivotal role in the neural regulation of blood pressure,
and blood pressure variability is regulated by this compensa-
tory reflex mechanism. Arterial baroreflex function is
decreased in elderly individuals (9, 10), and as a result, their
blood pressure fluctuates (11). Although the mechanism of
blood pressure variability in the elderly has been well eluci-
dated, its clinical significance remains to be determined. In
particular, there is little available information on the relation-
ship between blood pressure variability and cardiovascular
events in elderly hypertensive patients.

We hypothesized that blood pressure variability would be
an independent risk factor for cardiovascular events in elderly
patients with hypertension. To test this hypothesis, we inves-
tigated the outcome of elderly patients who underwent ambu-
latory blood pressure monitoring (ABPM). The results
demonstrated that increased blood pressure variability is an
independent predictive variable for cardiovascular events.

Methods

Patients

We recruited a total of 106 consecutive hypertensive patients,
aged 60 years or older, who underwent 24-h ABPM at the
University of Tokyo Hospital. The age, sex, smoking status,
World Health Organization/International Society of Hyper-
tension (WHO/ISH) classification, presence or absence of
hypercholesterolemia and diabetes, history of cerebrovascu-

lar disease and history of coronary artery disease of each
patient were investigated as baseline clinical characteristics
according to their medical records. Hypertension was defined
as an office systolic blood pressure (SBP) level above 140
mmHg and/or an office diastolic blood pressure (DBP) level
above 90 mmHg on more than two occasions or the use of
antihypertensive drugs. Smokers were defined as current
smokers. Hypercholesterolemia was defined as a serum total
cholesterol concentration above 220 mg/dl or the use of lipid-
lowering drugs. Diabetes mellitus was defined as a fasting
plasma glucose concentration above 140 mg/dl or use of
antidiabetic medication. None showed severe renal failure
(serum creatinine>2.0 mg/dl). Informed consent for this
study was obtained from all patients.

Twenty-Four-Hour ABPM

Ambulatory blood pressure was recorded with a noninvasive
automatic ABPM device (ABPM-630; Nippon Colin,
Komaki, Japan) every 30 min for 24 h. The data used in this
study were obtained by the oscillometric method. The accu-
racy of this device was previously described (/2). Patients
were not included in the study if their blood pressure could
not be evaluated because of artifacts in more than 10% of the
total measurements.

The mean values of 24-h, daytime (from 6:00 to 21:00) and
nighttime (from 21:30 to 5:30) SBP and DBP were calculated
for each patient. We calculated the coefficient of variation



Table 2. Profiles of 24 h, Daytime, Nighttime and Casual Blood Pressure
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Total Low CV group High CV group
(n=106) (n=60) (n=46)

24 h blood pressure

Systolic blood pressure (mmHg) 142.4%17.2 14334172 141.2+16.6

Diastolic blood pressure (mmHg) 78.1+10.3 79.2+10.6 76.8£9.9

CV of systolic blood pressure (%) 10.6+2.9 8.8+14 13.1£2.5*%
Daytime blood pressure

Systolic blood pressure 143.7£17.0 143.9+17.2 141.9+16.5

Diastolic blood pressure (mmHg) 79.2+104 79.7+£10.9 78.6%9.9
Nighttime blood pressure (mmkHg)

Systolic blood pressure (mmHg) 140.1+20.3 142.0+18.5 137.7+20.7

Diastolic blood pressure (mmHg) 75.2+11.3 77.0%11.1 73.0x11.4
Casual blood pressure

Systolic blood pressure (mmFig) 148.7+£19.1 150.5+15.5 146.0£22.8

Diastolic blood pressure (mmHg) 81.4+11.6 82.0£10.0 81.0£13.0

Pulse pressure (mmHg) 67.3+16.6 69.1+16.0 64.8+£17.3

Data are expressed as mean+SD. CV, coefficient of variation. ¥p<0.01.

(CV; CV=SD/mean valuex 100%) of 24-h SBP as an index
of blood pressure variability. The CV values of daytime SBP
and nighttime blood pressure as well as the SD values of 24-
h SBP, daytime SBP and nighttime blood pressure were also
calculated. Casual blood pressure was measured by the stan-
dard cuff method in the morning (9:00 to 12:00) when the
ambulatory blood pressure was monitored.

To confirm the reproducibility, we compared the two sub-
sequent measurements in 23 patients who underwent 24-h
ABPM twice within 1 month. There were significant positive
correlations between the two measurements of 3 parameters
of 24-h blood pressure (24-h SBP, »=0.808, p<<0.01; 24-h
DBP, »=0.693, p<0.01; CV of 24-h SBP, »=0.564, p<0.01,
n=23).

Follow-Up

Patients were followed up in the outpatient clinic of the hos-
pital. Cardiovascular endpoints consisted of new onset of
angina pectoris, acute myocardial infarction, coronary artery
bypass graft surgery, percutaneous coronary intervention,
sudden cardiac death, heart failure, cerebral infarction, cere-
bral hemorrhage, transient cerebral ischemic attack, acute
aortic dissection and aortic graft replacement surgery for aor-
tic aneurysm. Angina pectoris was diagnosed based on a his-
tory of chest pain and reversible ischemic change on
electrocardiography during a spontaneous attack or exercise
stress test. Acute myocardial infarction was diagnosed based
on a history of chest pain, transient ST elevation on electro-
cardiography and increased serum myocardial enzyme con-
centrations. Sudden cardiac death was defined as a death that
occurred within 1 h after the onset of symptoms. Heart failure
was diagnosed based on clinical symptoms and signs and

chest roentgenographic findings. Cerebral infarction and
cerebral hemorrhage were diagnosed based on focal neuro-
logical deficits and brain computed tomographic findings.
Transient cerebral ischemic attack was diagnosed based on
focal neurological deficits that disappeared completely less
than 24 h after the onset. Acute aortic dissection was diag-
nosed based on a history of chest, back and/or abdominal pain
and thoracic and abdominal computed tomographic findings.

Data Analysis

To explore the clinical significance of blood pressure vari-
ability on cardiovascular events, we divided the patients into
two groups: a high CV group and a low CV group, using the
mean CV value of 24-h SBP (10.6%) as a cut-off point and
compared the two groups in terms of baseline clinical charac-
teristics, blood pressure profiles and the incidence of cardio-
vascular events. In addition, we divided the patients into two
groups according to the mean values of CV of daytime and
nighttime SBP and SD of 24-h, daytime and nighttime SBP
and analyzed the data for each group. Data are expressed as
the mean+SD. Categorical variables were compared by
test. Continuous variables were compared by Student’s #-test.
Kaplan-Meier curves were plotted for event free survival and
compared by log rank test. Finally, Cox’s proportional haz-
ards analysis was performed to examine the relative risk for
cardiovascular events using age, sex, WHO/ISH class, smok-
ing, hypercholesterolemia, diabetes, history of cerebrovascu-
lar disease, history of coronary artery disease, mean 24-h
blood pressure, mean daytime blood pressure, mean night-
time blood pressure, casual blood pressure, pulse pressure and
CV (or SD) of SBP as variables. A value of p<0.05 was con-
sidered to be significant.
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Fig. 1. Cumulative event-free rates of cardiovascular events. Patients were divided into two groups according to the mean val-
ues of the CV of 24-h blood pressure (4), daytime blood pressure (C) or nighttime blood pressure (E), or those of the SD of 24-h
blood pressure (B), daytime blood pressure (D) or nighttime blood pressure (F). CV, coefficient of variation.

The baseline clinical characteristics are shown in Table 1. All

Results

patients were treated with one or two antihypertensive drugs.
Calcium channel blockers were used in 77% of the patients.
ACE inhibitors, B-blockers and diuretics were used in 18%,
7% and 12% of the patients, respectively (Table 1). The



Table 3. Relative Risk of Cardiovascuiar Events

Relative risk  95% CI

A
Sex (male) 328 1.22-8.81*
24-h SBP (=150 mmHg) 517  2.03-13.1%**
CV of 24-h SBP (210.6%) 3.58  1.63-7.85*%
B
History of coronary artery disease 488  1.41-16.9*
24-h SBP (=150 mmHg) 6.57  2.24-24.9*
SD of 24-h SBP (=15.0 mmHg) 326  1.25-8.52%
C
Sex (male) 322 1.14-9.09*
History of coronary artery disease 5.00  1.38-18.1*
24-h SBP (=150 mmHg) 7.46  2.37-30.5*%
CV of daytime SBP (=11.4%) 372 1.08-15.1*
D
History of coronary artery disease 494  141-18.1%
24-h SBP (2150 mmHg) 6.63  2.23-25.8*
SD of daytime SBP (2164 mmHg) 3.72  1.06-8.00*

Clinical characteristics, mean values of 24-h, daytime, nighttime
and casual blood pressure, pulse pressure and SD of daytime,
nighttime SBP are used as variables. *»<0.05, **p<0.01. CI,
confidence interval;, SBP, systolic blood pressure; CV, coefficient
of variation.

results of ABPM and casual blood pressure measurement are
summarized in Table 2. Table 1 shows that there were no sig-
nificant differences between the two groups in baseline clini-
cal characteristics, including the history of cerebrovascular
disease and that of coronary artery disease. Table 2 shows that
mean 24-h blood pressure, mean daytime blood pressure,
mean nighttime blood pressure, casual blood pressure and
pulse pressure were also similar between the two groups.

The median follow-up period was 34 months (range, 3—60
months). A total of 39 cardiovascular events occurred during
the follow-up period. The events consisted of 3 cases of
angina pectoris, 7 of acute myocardial infarction, 1 of coro-
nary artery bypass graft surgery, 3 of sudden cardiac death, 3
of heart failure, 14 of cerebral infarction, 1 of cerebral hemor-
rhage, 5 of transient cerebral ischemic attack and 2 of aortic
graft replacement surgery. Neither percutancous coronary
intervention nor acute aortic dissection was observed.

To investigate the impact of blood pressure variability on
the onset of cardiovascular events, we plotted Kaplan-Meier
curves for event-free survival and compared them between
the two groups. Figure 1A shows that the rate of cardiovascu-
lar events was significantly higher in the high CV group than
in the low CV group. When the patients were divided into two
groups according to the mean value of SD of 24-h SBP, a sig-
nificantly higher rate of cardiovascular events was observed
in the high SD group (Fig. 1B). With respect to daytime SBP,
patients with high CV values of daytime SBP as well as those
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with high SD values also had significantly more cardiovascu-
lar events (Fig. 1C, D). On the other hand, no difference in the
rate of cardiovascular events was observed between the two
groups when the mean value of CV or SD of nighttime SBP
was used as a cut-off point (Fig. 1E, F).

To determine the independent predictive factors for cardio-
vascular events, the Cox’s proportional hazards analysis was
performed. This analysis identified male sex, high mean 24-h
SBP and increased blood pressure variability (high CV value
of 24-h SBP) as independent predictors for cardiovascular
events (Table 3, A). In addition, the SD value of 24-h SBP
was used as a variable rather than CV and the analysis was
performed. History of coronary artery disease, high mean 24-
h SBP and high SD value of 24-h SBP were significantly cor-
related with the onset of cardiovascular events (Table 3, B).
Next, CV values of both daytime and nighttime blood pres-
sure were used as variables. Male sex, history of coronary
artery disease, high mean 24-h SBP and high CV value of
daytime SBP were independent predictors (Table 3, C).
Finally, the SD values of both daytime and nighttime blood
pressure were used instead of the CV values and the analysis
was performed. History of coronary artery disease, high mean
24-h SBP and high SD value of daytime SBP had significant
correlations with the onset of cardiovascular events (Table 3,
D).

Discussion

Hypertension is one of the leading causes of cardiovascular
events (/) and the prevalence of hypertension increases with
age (2). Therefore, it is important to clarify how to manage
elderly hypertensive patients in clinical practice on the basis
of their clinical features. Indeed, recent clinical frials have
demonstrated that some antihypertensive drugs have a benefi-
cial effect in elderly patients with isolated systolic hyperten-
sion (13, 14). However, the clinical significance of blood
pressure variability remains to be determined in elderly
hypertensive patients. Therefore, in this study, we analyzed
the relationship between blood pressure variability and car-
diovascular events in those patients.

Many studies concerning the clinical values of blood pres-
sure variability have focused on circadian rhythm (15-23).
Very recently, several clinical studies have been published to
clarify the significance of blood pressure variability (24—-31).
The degree of blood pressure variability is related to hyper-
tensive target organ damage (24, 25). The SD value of day-
time blood pressure has a significant positive correlation with
the progression of intima-media thickness of carotid arteries
(26) and with the occurrence of lacunar infarction (27) in the
hypertensive population. It has also been reported that the SD
value of daytime blood pressure is correlated with left ven-
tricular mass index both in hypertensive patients (28) and in
the general population (29). In addition, an increase in the SD
value of blood pressure variability is associated with cogni-
tive impairment (30). Furthermore, it has been shown that a
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high SD value of daytime blood pressure is an independent
predictor for cardiovascular mortality in the general popula-
tion (31). In addition to these studies, the present study on eld-
erly patients with hypertension showed that high values of
blood pressure variability of both 24-h blood pressure and
daytime blood pressure were independent predictors of car-
diovascular events inthose specific patients.

The mechanisms underlying the positive correlation
between blood pressure variability and the incidence of car-
diovascular events could not be addressed in this study. The
blood pressure variability is influenced by baroreflex regula-
tion. The afferent fibers of this reflex arise from the aortic
arch and carotid artery bifurcations and, therefore, in patients
with arteriosclerosis, the afferent signal of the baroreflex may
be decreased owing to low compliance of the arteriosclerotic
vascular wall (32). In the present study, there was no signifi-
cant difference in baseline clinical background or mean blood
pressure values between the high CV group and low CV
group. However, there is a possibility that subclinical arterio-
sclerosis may have been more advanced in the high CV
group, and that blood pressure variability was increased as a
consequence. This might explain the finding that more car-
diovascular events occurred in the high CV group. On the
other hand, another possibility is that blood pressure variabil-
ity could have a direct effect on clinical outcome. The acute
hemodynamic change observed in the high CV group might
be a trigger for acute catastrophic events. In addition, blood
pressure variability itself could induce vascular and organ
damage, which might subsequently lead to cardiovascular
events. Indeed, it has been reported that structural alteration
of arteries (33) and cardiac hypertrophy (34) are observed in
an animal mode] of high blood pressure variability.

Our study has some limitations. We used the discontinuous
method of measuring blood pressure. This method is indeed
less invasive to the patients but did not permit their full range
of activity, and thus did not allow the recording of their full
potential range of variability compared with the invasive con-
tinuous method. Indeed, we measured blood pressure only
every 30 min. Because this measurement represents a low fre-
quency sampling, the accuracy of blood pressure variability
estimates assessed by ABPM may be reduced (35). In addi-
tion, our pilot study showed statistically significant correla-
tions in terms of the short-term reproducibility of parameters
obtained with 24-h ABPM, but absolute values of the correla-
tion coefficient were not high enough. Furthermore, the pos-
sibility cannot be excluded that patients with excess nocturnal
fall of blood pressure (extreme dippers), a condition that has
already been shown to be associated with cerebrovascular dis-
case (17), may have been defined as high CV patients in the
present study. Moreover, it has been reported that some anti-
hypertensive drugs reduce blood pressure variability (36).
Because all patients were treated with one or two antihyper-
tensive drugs in this study, there is a possibility that patients
with lower blood pressure variability may have received more
effective treatment, leading to better cardiovascular out-

comes, despite the fact that the average blood pressure levels
were identical between the two groups. Patients with and
without organ damage at baseline were mixed together for
analysis. It is possible that the significance of blood pressure
variability in patients with organ damage could be different
from that in patients without organ damage, because the auto-
regulatory function in response to acute change in blood pres-
sure might be impaired in patients with organ damage, and
thus these patients might be more susceptible to cardiovascu-
lar events. To clarify this point, subgroup analysis with a
larger number of patients is required.

The present study was performed retrospectively in a longi-
tudinal fashion. We made only a single measurement of 24-h
blood pressure for the prediction of further events. Therefore,
a prospective study with larger sample size and with repeated
measurement should be conducted in the future to confirm the
findings obtained in this study.

Tn conclusion, our data indicate that blood pressure vari-
ability is an independent risk factor for cardiovascular events
in elderly hypertensive patients. This finding suggests that not
only the average blood pressure level but also blood pressure
varjability should be taken into consideration for the manage-
ment of elderly hypertensive patients.
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