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ORIGINAL ARTICLE
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Background: Adverse drug reactions (ADR) in elderly people are often attributed to
functional decline and polypharmacy.

Methods: In this study, a multi-institutional retrospective survey was undertaken to
investigate the current status of ADR in geriatric units of university hospitals. The inpa-
tient databases from 2000 to 2002 for five university hospitals were studied, and a total of
1289 patients were analyzed.

Results: The incidence of ADR, as determined by attending physicians, was 9.2% on
average, but varied from 6.3 to 15.8% among the institutions. Factors significantly related
to ADR were the number of diagnoses, the number of geriatric syndromes, the number of
prescribed drugs, an increase of two or more drugs during hospitalization, longer hospital
stay, emergency admission, depression and apathy.

Conclusion: These results are mostly consistent with previous reports and provide

important information on drug treatment in elderly people.

Keywords: adverse drug reaction, elderly, medication error.

Introduction

Adverse drug reactions (ADR) in elderly people are
common causes of admission to hospitals and are
important causes of morbidity and mortality.!”* The risk
of ADR has been shown to be related to the number of
prescribed drugs and elderly people tend to receive
more medications than younger people® which are
sometimes inappropriately prescribed.” Indeed, the risk
of ADR is exponentially rather than linearly related to
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the number of medications taken.® Factors that pre-
dispose to pharmacological ADR include the dose, drug
formulation, pharmacokinetic or pharmacodynamic
abnormalities and “drug interactions. Frail elderly
patients may be more vulnerable because of impaired
homeostatic reserve, multiple medication use, cognitive
decline and impaired functional status. Drug therapy
taking account of safety as well as effectiveness is still
needed in the elderly, although there is accumulating
evidence on drug therapy in the elderly with hyperten-
sion and hyperlipemia.*’

Although the incidence of ADR for specific drugs can
be obtained by large-scale examination and post-
marketing surveillance studies by pharmaceutical com-~
panies, little data are available on ADR in the elderly as
a whole. Previously, we reported the incidence of ADR
in inpatients of the geriatric unit of the University of
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Tokyo Hospital, and showed that drug overdose and
polypharmacy are important factors in ADR.®® How-
ever, it is necessary to confirm whether similar results
are obtained in geriatric units of other hospitals, There-
fore, in this study, we analyzed the inpatient databases of
five university hospitals with geriatric units, and exam-
ined the incidence of ADR and factors related to ADR.

Methods

Subjects

We performed a retrospective investigation of the hos-
pital records of five university hospitals with geriatric
units: Kyorin University Hospital, University of Tokyo
Hospital, Kyoto University Hospital, Kanazawa Medical
University Hospital and Tohoku University Hospital.

We surveyed the records of inpatients from January

2000 to December 2002 in these hospitals, and a total of
1289 cases were used for analysis.

Investigation and analysis

We studied the incidence of ADR as judged by attending
physicians during hospitalization, along with the num-
ber of medications taken on admission and on dis-
charge. We also examined the number of final diagnoses
on discharge, the length of hospital stay, age, sex and
body weight of each patient, and whether or not the
admission was emergent. We investigated the number of
geriatric syndromes in the cases at Kyorin University
Hospital and the University of Tokyo Hospital and per-
formed comprehensive geriatric assessments (CGA).
The 30 most significant of 51 geriatric syndromes are
listed in Table 1. The CGA included Barthel Index on
admission and discharge to evaluate activities of daily
living (ADL), Hasegawa's Dementia Scale-Revised
(HDS-R) to assess cognitive function, Geriatric Depres-
sion Scale 30-items (GDS-30) to assess depressive
mood, and Vitality Index to assess energy.!

Table 1 List of major geriatric syndromes

The data were expressed as means*SD. The
unpaired #-test was used to compare the data between
two groups, and comparison among multiple groups
was performed by ANOVA followed by Newman-Keuls’
test. The incidences were compared using the ¥* test.
Correlation was analyzed according to Pearson’s corre-
lation coefficient. A value of P < 0.05 was considered
statistically significant.

Results

Frequency of adverse drug reaction

In the analysis of a total of 1289 cases, the incidence of
ADR was 9.2%. We analyzed the incidence at each hos-
pital and found that the lowest incidence was 6.6%,
while the highest was 15.8% among the five hospitals
studied (Fig. 1).
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Figure 1 Incidence of ADR in inpatients of geriatric units of
five university hospitals. The incidence of ADR in the geriatric
unit of University of Tokyo Hospital in 1995-98 is shown as a
reference.” The numbers of patients surveyed are shown in
parentheses.

Consciousness disturbance Chest pain/chest oppression Edema

Delirium Palpitation/shortness of breath Dehydration
Dementia Arrhythmia Hearing impairment
Insomnia Abdominal pain Motor disturbance
Depression Constipation Visual impairment
Dizziness/vertigo Diarrhea Back pain
Headache Body weight loss Fever

Anemia Appetite loss Arthralgia
Pressure ulcers Nausea/vomiting Osteoporosis

Falls Malnutrition Bleeding tendency
Hemoptysis Dyspnea Dysphasia
Urinary incontinence Pollakisuria Cough/sputum
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Factors related to adverse drug reactions

Background factors related to ADR in cases with or
without ADR are summarized in Table 2. There was no
significant difference in sex, age or body weight between
the two groups. However, patients-with ADR had more
diagnoses, were taking more drugs on discharge, and
stayed longer in hospital than those without ADR (P<
0.05). They also showed a tendency to be taking more
drugs on admission (P = 0.08). When we analyzed the
relationship between ADR and the increase in medica-
tion during hospitalization, the incidence of ADR in
patients with an increase of two or more drugs was
14.4%, which was significantly higher than in those
with an increase of one drug (7.9%) and those without
an increase (7.8%). Moreover, the incidence of ADR
was higher in patients who received emergency admis-
sion than in those with scheduled admissions (1 2.5% vs
7.8%, P < 0.05).

The relationship between the factors related to ADR
and the variation in ADR among the hospitals was ana-
fyzed. In hospital A, where the incidence of ADR was
lowest, the number of diagnoses at discharge (2.8 £1.1

Table 2 Characteristics of patients with or without
adverse drug reactions (ADR)

ADR () ADR(#
Number of patients 1170 119
Sex (female, %) 46% 50%
Age (years) 72+14 73+14
Body weight (kg) 56+14 54+14
Number of diagnoses 41420 49+23*%
Number of drugs on 5.0+3.6 5.7F4.1%*
admission
Number of drugs on 53+33 62x3.7%
discharge
Length of hospital stay (days) ~28£27  38% 27%

#P < (1.01; #*P = 0.08 by unpaired f-test.
Data are means * SD.

diseases), number of medications (4.3 + 1.9 drugs), and
the length of hospital stay (28.5 £ 6.8 days) were lowest
among the five hospitals. Intriguingly, the mean age of
the patients in hospital A was 82 years, while it was
67 years in hospital E, where the incidence of ADR was
highest. The mean age of the patients was 71-72 years
at other hospitals.

Age was positively correlated with the number of
diagnoses (r= 0.219, P <0.001) and the number of
drugs at discharge (r= 0.213, P < 0.001), as previously
reported.®’

Geriatric syndrome and CGA were analyzed in rela-
tion to ADR in the cases at University of Tokyo Hospital
and Kyorin University Hospital. The number of geriatric
syndromes was significantly higher in patients with
ADR than in those without ADR (Table 3). Patients with
ADR showed depressed moods and apathy, as assessed
by GDS and the Vitality Index, compared to those with-
out ADR, while cognitive function and basic ADL, as
assessed by HDS-R and Barthel index, did not differ
between the two groups (Table 3).

Discussion

In this study, we surveyed ADR in the geriatric units
of five university hospitals and found that the number of
diagnoses, number of geriatric syndromes, number of
prescribed drugs, an increase of two or more drugs dur-
ing hospitalization, longer hospital stay, emergency
admission, depression, and apathy were related to the
incidence of ADR in elderly inpatients. Our study indi-
cates that the number of diagnoses and drugs would be
a better predictor for ADR in the elderly than age.
According to reports on ADR from the USA and
Europe, the incidence of ADR in elderly inpatients is 6—
15%.1* The incidence was 1.5-2 fold higher in patients
older than 70years than in patients younger than
60 years. In nursing home residents, the incidence of
ADR per year has been reported to be 15-20%.!" In the
outpatient setting, ADR were found in more than 10%

Table 3 Geriatric syndrome and comprehensive geriatric assessment in
patients with or without adverse drug reactions (ADR)

ADR () ADR (+)
Number of geriatric syndromes 4.6 +3.8 (866) 6.4 £ 4.7%% (85)
Barthel Index on admission 84 + 28 (854) 80 + 31 (82)
Barthel Index on discharge 86 =27 (840) 85 +28 (79)

HDS-R
GDS-30
Vitality index

23.0 + 8.2 (358)
10.2 £ 6.0 (325)
9.0+2.1 (535)

244+ 6.3 (35)
12.5 + 6.8% (33)
8.4+ 2.6% (52)

#P < 0.05: #*P < 0.01 by unpaired i-test. Data are mean SD. Numbers in parentheses

indicate number of patients studied.

HDS-R, Hasegawa dementia scale-revised; GDS-30, Geriatric depression scale-30

items.

© 2008 Japan Geriatrics Society

| 295



H Arai et al.

of elderly patients, although the study relied on self-
reporting and review of medical records.!’ Only a few
studies have been reported in Japan; the incidence was
12.7% in elderly inpatients of the geriatric unit of Uni-
versity of Tokyo Hospital.” In the present survey, the
average incidence was 9.2%, ranging from 6.6 to 15.8%
among facilities, but was similar to that reported previ-
ously.” Although the incidence varied among hospitals,
it is important to note that the incidence of ADR was
more than 5% in all hospitals.

Adverse drug reactions were judged by attending phy-
sicians in this study, whereas they were determined by
objective review of the medical records in addition to
judgment by attending physicians in the previous report
from the geriatric unit of University of Tokyo Hospital.
In the present study, the incidence of ADR in this facility
was 8.8%, which was 30% lower than that in our last sur-
vey. This difference may be attributable to underestima-
tion by the attending physicians rather than a decrease
in ADR over this short period of 3 years. Therefore, if
another authorized person judged the ADR strictly, the
overall incidence rate might have been slightly higher.

Our results on the incidence of ADR in elderly
patients may add important information. However, all
the facilities in this survey were geriatric units of uni-
versity hospitals, where most of the inpatients were
older than 65 years and the doctors in those units are
careful in prescribing medication to elderly patients.
Therefore, our data might not be directly applicable to
elderly patients in other hospitals or units. In fact, ADR
were found in nearly half of elderly inpatients of the
neuropsychiatry unit of University of Tsukuba Hospital

(unpubl. obs, Mizukami ef al.). In addition, our data in .

university hospitals, which are acute care hospitals,
might not be applicable to chronic care facilities such as
long-term care facilities. Since the introduction of the
fixed payment system, Diagnosis Procedure Combina-
tion system, to university hospitals in Japan in 2003,
drug treatment in university hospitals might be chang-
ing in the future. Therefore, the incidence of ADR in
various types of hospitals in Japan needs to be studied.

In this study, depression and apathy were found to be
associated with ADR in addition to the accumulation
of diseases and geriatric syndromes, polypharmacy, an
increase of prescribed drugs during hospitalization,
longer hospital stay and emergency admission. This
result is consistent with other reports.9 However, the
causal relationship remains unknown. A higher number
of diseases or geriatric syndromes can lead to an increase
in ADR through polypharmacy®® while ADR themselves
may increase diseases or geriatric syndromes. Similarly,
longer hospital stays can increase the risk of ADR, while
ADR prolong the duration of hospitalization. The latter
pointis critical to medical economics as well. Age was not
associated with ADR in this study, inconsistent with
other studies. This might be due to effects of education
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on pharmacotherapy in elderly patients for several years
at university hospitals. Although we did not analyze
the types or classes of ADR in this survey, it has been
reported that severe ADR such as neuropsychiatric dis-
orders or cardiovascular injury occur in elderly patients.’

Recently, evidence has been accumulating on drug
therapy in the elderly. However, there are very few data
available in people aged 75 years and older or in frail
elderly people. Therefore, it is necessary to establish the
safety and effectiveness of drug therapy in these patients
in the future. Evidence-based medicine in the elderly
aims to discontinue unnecessary drugs and to avoid
polypharmacy. On the other hand, a fixed payment sys-
tem such as the long-term care insurance system in
Japan forces doctors to reduce prescribed drugs from a
business viewpoint. Indeed, it has been reported that
0.6 drugs were on average discontinued within a month
after admission to long-term care facilities, although
adverse drug withdrawal events were very few."? Because
minimally prescribed drugs have not increased ADR in
patients with dementia and a low capacity for med-
ication management,”® it is necessary to cut down
unnecessary drugs in frail elderly patients based on evi-
dence-based medicine. In the USA, Beers’ criteria are
available to identify potentially inappropriate medica-
tion use, in order to reduce drug-related problems.’* In
Japan, however, we do not have such guidelines for drug
treatment in the elderly. Because the drugs and medical
situation in Japan are different from those in the USA,
we need to establish our own guidelines, which will be
published this year. In addition, we need to accumulate
clinical evidence to support the guidelines. We also need
to utilize pharmacists more efficiently, because they are
an underused resource in avoiding medication errors
and can provide important safeguards for elderly
patients in hospitals and nursing homes.

Elderly patients are exposed to more medications and
have an increased risk of ADR, many of which are
avoidable. Knowledge of pharmacological principles
and age-related effects on pharmacokinetics/pharmaco-
dynamics is essential to promote safe prescribing, Other
factors related to ADR such as polypharmacy, long
admission and depression should also be evaluated dur-
ing hospitalization.
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Original Article

Impact of Blood Pressure Variability on
Cardiovascular Events in Elderly Patients
with Hypertension

Masato ETO, Kenji TOBA, Masahiro AKISHITA, Koichi KOZAKI,
Tokumitsu WATANABE, Seungbum KIM, Masayoshi HASHIMOTO, Junya AKO,
Katsuya IIJIMA, Noriko SUDOH, Masao YOSHIZUM]I, and Yasuyoshi OUCHI

Blood pressure variability is one of the characteristic features of hypertension in the elderly. However, its
clinical significance remains to be determined. We therefore examined the impact of blood pressure vari-
ability on the development of cardiovascular events in elderly hypertensive patients. A total of 106 consec-
utive hypertensive patients aged more than 60 years old (mean age, 73.9£8.1 years old; male, 54%), all of
whom underwent 24-h ambulatory blood pressure monitoring, were followed up {median, 34 months; range,
3=60 months). During the foliow-up period, 39 cardiovascular events were observed, including 14 cases of
cerebral infarction and 7 cases of acute myocardial infarction. The coefficient of variation (CV) of 24-h sys-
tolic blood pressure (SBP) values was used as an index of blood pressure variability. The patients showed
a mean CV value of 10.6%, and were divided into two groups according to this mean value as a cut-off point:
a high CV group (n=46) and a low CV group (n=60). Although baseline clinical characteristics were similar
in the fwo groups, Kaplan-Meier plots for event-free survival revealed that the rate of cardiovascular events
was significantly higher in high CV group than in low CV group (p<0.05). Cox’s proportional hazards anal-
ysis showed that increased blood pressure variability (a high CV value of 24-h $BP) was an independent
predictive variable for cardiovascular events. The CV value of daytime SBP and the SD value of both 24-h
SBP and daytime SBP also had positive correlations with the onset of cardiovascular events. These results
suggest that increased blood pressure variability may be an independent risk factor for cardiovascular
events in elderly hypertensive patients. (Hyperfens Res 2005; 28: 1~7)

Key Words: elderly hypertension, blood pressure variability, cardiovascular events, ambulatory blood pres-
sure monitoring

Introduction

Hypertension has been well established as a major predispos-
ing factor for cardiovascular disease (1). The goal of treat-
ment for hypertensive patients is not only to reduce blood
pressure, but also to prevent cardiovascular events. The prev-

alence of hypertension increases with age (2), and elderly
hypertensive patients are known to have some specific clini-
cal features, such as isolated systolic hypertension (3), blood
pressure variability (4, 5), orthostatic hypotension (6, 7) and
postprandial hypotension (8).

Blood pressure variability is a characteristic feature of
hypertension in the elderly (4, 5). The arterial baroreflex
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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) 73.94+8.1 74.4%79 73.2+83 NS
(range) (60-91) (60-91) (60-87)
Sex (men) (1 (%)) 58 (54%) 36 (60%) 22 (48%) NS
WHO class ( (%))
1 : 31 (29%) 22 (37%) 9 (20%) NS
I 22 21%) 12 (20%) 10 (22%)
i} 53 (50%) 26 (43%) 27 (58%)
Smoking (r (%)) 53 (50%) 32 (53%) 21 (46%) NS
Antihypertensive drug (# (%))
ACE inhibitor 19 (18%) 10 (17%) 9 (20%) NS
B-Blocker 7 (7%) 4 (T%) 3 (7%)
Ca channel blocker 82 (77%) 48 (80%) 34 (74%)
Diuretics 13 (12%) 8 (13%) 5 (11%)
Complicaton (1 (%))
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; mean+SEM) 189.5+12.2 180.5+13.3 209.1+11.4 NS
Creatinine (mg/dl; mean+SEM) 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 (/). 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.

Viethods

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
mmEg 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 (12). 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

Eto et al: Blood Pressure Variability and Cardiovascular Events

Total Low CV group High CV group
(n=106) (n=60) (n=46)

24 h blood pressure

Systolic blood pressure (mmHg) 142.4+17.2 143.3+17.2 141.2%£16.6

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

CV of systolic blood pressure (%) 10.6x2.9 88+1.4 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+10.4 79.7£10.9 78.6£9.9
Nighttime blood pressure (mmHg)

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 73.0+£11.4
Casual blood pressure

Systolic blood pressure (mmHg) 148.7+£19.1 150.5x15.5 146.0+22.8

Diastolic blood pressure (mmig) 81.4%11.6 82.0+10.0 81.0+13.0

Pulse pressure (mmHg) 67.31£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 value x 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, r=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 z-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 nighitime blood pressure (F). CV, coefficient of variation.

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%,
The baseline clinical characteristics are shown in Table 1. All 7% and 12% of the patients, respectively (Table 1). The

Results



Table 3. Relative Risk of Cardiovascuiar Events

Relativerisk  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 (=10.6%) 3.58  1.63-7.85*
B
History of coronary artery disease 488 141-16.9*%
24-h SBP (=150 mmHg) 6.57  2.24-249*
SD of 24-h SBP (=15.0 mm1Ig) 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  1.41-18.1*
24-h SBP (=150 mmHg) 6.63  2.23-258*
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, *p<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-
rthage, 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 nighitime 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 trials have
demonstrated that some antihypertensive drugs have a benefi-
cial effect in elderly patients with isolated systolic hyperten-
sion (I3, 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 in‘those 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 model 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-
finuous method. Indeed, we measured blood pressure only
every 30 min. Because this measurement represents a low fre-
quency sampling, the accuracy of blood pressute 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 cocfficient 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-
ease (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 beiter 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 2
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.

In 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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