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LETTERS TO THE EDITOR

EFFECTS OF PHYSICAL EXERCISE ON PLASMA
CONCENTRATIONS OF SEX HORMONES IN
ELDERLY WOMEN WITH DEMENTIA

To the Editor: Physical exercise may slow the functional
decline in elderly people and has been associated with a low
incidence of dementia.! Physical activities have shown fa-
vorable effects on cognitive function as well as on neuro-
psychiatric symptoms and behavioral disturbance in
demented subjects,’* the mechanism of which is currently
unknown. Because low plasma levels of sex hormones have
been implicated in dementia,? it is reasonable to hypoth-
esize that physical exercise could elevate plasma sex hor-
mone levels. Here, we report a preliminary study in which
daily physical exercise for 3 months increased the plasma
levels of sex hormones, including dehydroepiandrosterone
(DHEA) and testosterone, in elderly women with dementia.
Thirteen women (aged 74-91, mean age + standard devi-
ation 84 4 5) living in group homes for the elderly (small-
scale facilities providing communal living) located in Nag-
ano Prefecture, Japan, were enrolled. They were diagnosed
as having Alzheimer’s disease according to the Diagnostic
and Statistical Manual of Mental Disorders, Fourth Edi-
tion, but did not have malnutrition, malignancy, or endo-
crine disease. Blood sampling and functional assessment
were performed at baseline, at the end of a 3-month exercise
program, and at the end of a 3-month follow-up period,
during which the subjects returned to ordinary sedentary
living. The exercise program consisted of stretching and
mild resistance training using a chair and a 0.5-kg weight.
The exercise was performed as a group, with training for
30 minutes daily under the instruction of a physical ther-
apist twice a week and by other caregiver staff five times a
week. Care other than exercise was comparable throughout
the study. Fasting blood samples were collected early in the
morning before exercise. A commercial laboratory deter-
mined plasma levels of estradiol, testosterone, DHEA,
DHEA sulfate, and sex hormone~binding globulin, in ad-
dition to blood cell counts and blood chemical parameters.

Basic activities of daily living (ADLs) were assessed using
the Barthel Index and cognitive function using the Mini-
Mental State Examination.

At baseline, the subjects showed moderate cognitive
impairment and dependency and relatively low sex hor-
mone levels (Table 1). After 3 months of exercise, signif-
icant increases were found in plasma levels of testosterone
of 18%, estradiol of 38%, and DHEA of 37%, all of which
returned to the baseline levels 3 months after cessation of
the exercise program. A similar alteration was found in
plasma DHEA sulfate level, but the increase by exercise was
not statistically significant (mean =+ standard error 452 +
62ng/mL at baseline, 508 &+ 72 ng/ml. afrer exercise, and
464 + 77 ng/mL after discontinuation. Sex hormone-bind-
ing globulin, albumin, and other blood parameters did not
change throughout the study (Table 1 and data not shown).
Despite the increases in sex hormones after the exercise
program, neither Barthel Index nor Mini-Mental State Ex-
amination scores changed significantly during the study.

Previous studies®* have shown stimulatory effects of
endurance or resistance exercise on circulating hormones in
healthy postmenopausal women; metabolic alterations and
increased blood flow of endocrine organs via nitric oxide
and cyclic adenosine monophosphate production may play
a causal role, but hormonal responses in frail or demented
women have not been examined. In the present study, plas-
ma levels of estradiol, testosterone, and DHEA were higher
after 3 months of physical exercise in elderly women with
dementia, whereas cognitive function and basic ADLs did
not improve. Given the protective effect of exercise and sex
hormones on cognitive impairment, a control sedentary
group should be included to examine whether this exercise
program might delay cognitive decline. Nevertheless, the
finding that exercise can increase plasma sex hormone levels
in demented women provides a mechanistic insight into the
effect of exercise or physical activities on cognitive impair-
ment. The results of this preliminary study need to be con-
firmed using larger randomized, controlled trials with
longer follow-up periods.

Table 1. Effects of Daily Physical Exercise on Plasma Concentrations of Sex Hormones in Elderly Women with Dementia

(N=13) :
Baseline Exefoise (3 Months) Discontinuation (3 Months)
Measurement Mean + Standard Error of the Mean

Testosterone, Ing/dL 51.4+£33 60.8 + 3.3t 47.9 £ 3.9
Estradiol, pg/mL 1524+ 1.2 21.0 £ 1.2t 19.4 +£ 2.9
Dehydroepiandrosterone, ng/mL 1.84 £0.29 252 £0.41" 1.95 £ 0.27

Sex hormone binding globulin, nmol/L 75.0 4= 6.1 69.1 £ 8.1 68.3 + 8.3

Barthel index 75,0+ 5.4 70.0 £ 7.1 66.5 + 9.4
Mini-Mental State Examination score 13.9+19 13.8 + 2.0 124425

P<".05; 1.01 versus baseline using paired  test.
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LETTER TO THE EDITOR

Successful aging with constant
physical training

Tomoko Yamazaki, Masahiro Akishita, Kumiko Kobayashi, Ayako Machida
and Kenji Toba

Department of Geriatric Medicine, Kyorin University School of Medicine, Mitaka, Tokyo Japan

Dear Editor,

On 22 May 2003, the press reported that Yuichiro
Miura, the 70-year-old Japanese adventure skier,
became the oldest person to reach the peak of Mt. Ever-
est. He, being well known internationally as the man
who skied down Mt. Everest in 1970, also skied down
Mont Blanc this year with his son and his 99-year-old-
father, indicating that his family represents a case of
successful aging. In April 2003, we had a chance to per-
form a checkup on Mr Yuichiro Miura, and we here
report, with his informed consent, his age-related
changes.

He does not have any specific history of illness, and
has been a professional adventure skier for more than
40 years. He has constantly performed hard physical
training to maintain his muscle strength and alertness.
Specifically, his daily training consisted of walking
around and climbing the nearest mountains with a 12-
kilogram weight on, in addition to skiing in winter. He
has taken regular food, and has not paid special atten-
tion to his diet. He has never smoked but drinks two
bottles of beer four times per week. Body mass index
was 27.9 kg/m® with waist/hip circumference ratio of
0.93. Blood pressure was 119/89 mmHg. Physical
examination and laboratory tests indicated no abnormal
findings except for a slightly low plasma HDL-
cholesterol level of 39 mg/dL. Unsurprisingly, he
showed excellent physical performance measures; e.g.

- timed up-and-go test of 6.3 s and one-leg standing time
with eyes open of more than 10 s. Non-invasive mea-
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surements of subclinical atherosclerosis showed that
endothelium-dependent flow-mediated dilatation of the
brachial artery was 6.7% and brachial-ankle pulse wave
velocity was 1279 cm/ s, which both corresponded to
the average values in middle-aged healthy controls.™”
Abdominal CT (Fig. 1) revealed that the areas of visceral
and subcutaneous fat were 97 cm?® and 141 cm?, respec-
tively, indicating that subcutaneous fat was predomi-
nant, but calcification was found in the abdominal
aorta.

Overall, he was obviously healthy and had out-
standing physical function and vascular function that
was young for his age, although some aspects of aging
such as aortic calcification were found. Given the pre-
ventive effect of physical training on aging,’ the influ-
ence may differ according to organ and function. The
present case suggests that even a superman cannot
avoid aging.
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Figure 1 Abdominal plain computed tomographic image at the wmbilical level showing that subcutaneous fat is predominant.
The arrowhead indicates calcification of the abdominal aorta.
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CORRELATION BETWEEN PULSE WAVE VELOCITY
AND COGNITIVE FUNCTION IN NONVASCULAR
DEMENTIA

To The Editor: We read with interest the paper by Shimoda
et al.! showing that pulse wave velocity (PWV), an indicator
of arterial stiffness, was higher in patients with vascular
dementia than in patients with Alzheimer’s disease and
nondemented control subjects. Vascular factors such as
smoking, hypertension, diabetes mellitus, and apolipopro-
tein E €4 allele have-also been implicated in the develop-
ment of nonvascular dementia, including Alzheimer’s
disease,? but there has been no quantitative study of the
relationship between the stage of arteriosclerosis and the
severity of nonvascular dementia. In this study, PWV was
measured in patients with mild to moderate nonvascular
dementia, and greater arterial stiffness was associated with
cognitive impairment.

Patients who were referred to the Memory Clinic of our
department were enrolled. Patients with definite vascular
dementia such as poststroke patients and patients with
multiple cerebral infarcts were excluded. Twenty-seven
subjects (12 men and 15 women, mean age + standard
deviation = 76 = 7) were analyzed, including 14 patients
with Alzheimer’s disease diagnosed using the Diggnostic and
Statistical Manual of Mental Disorders, Fourth Edition, and
others with mild cognitive impairment, PWV was measured
using the automated device Form PWV/ABI (Colin Co. Ltd,
Komaki, Japan), and two measurements, heart-brachial (hb)
PWV and brachial-ankle (ba) PWV, were analyzed.?
Cognitive function was assessed using the Hasegawa
Dementia Scale Revised (HDSR; 20 & 7 points out of 30).
Basic activities of daily living (ADLs), instrumental ADLs,
mood, and volition were also measured using the Barthel
index, Lawton-Brody instrumental ADLs, Geriatric Depres-
sion Scale, and Vitality Index,* respectively.

In the analysis including all the subjects, HDSR
correlated with hbPWV (r = —0.450, P <.05) (Figure 1)
and baPWV (r= — 0.433, P <.05), whereas other indices of
the comprehensive geriatric assessment did not correlate
with hbPWV or baPWV. Multiple regression analysis using
HDSR as a dependent variable and hbPWV, age, sex, mean
blood  pressure, and use of antihypertensive agents as
independent variables showed that hbPWV (B = — 0.535,
P<.05) was a significant determinant of HDSR. Analysis
using systolic blood pressure instead of mean blood pressure

showed a comparable result, but analysis using baPWV
instead of hbPWV did not reach statistical significance.

Subjects were excluded because they had obvious
vascular factors (n = 9), extensive white-matter lesions on
brain magnetic resonance imaging scans (n = 5), or a history
of hypertension (n == 8) as determined by the use of anti-
hypertensive agents or blood pressure of 140/90 mmHg or
higher. These subjects showed higher hbPWV than the other
18 subjects (665 £ 139 vs 561 £ 98 cm/s, P<.05) and
lower HDSR score (15.6 £5.4 vs 21.9+ 6.7, P<.05),
whereas age was not significantly different (79 &£ 9 vs
76 4 7, P =.29). Then, the correlation between PWV and
cognitive function was analyzed in the 18 subjects without
vascular factors. In simple regression analysis, HDSR
correlated with hbPWV (»= —-0.615, P<.01) (Figure 1)
and baPWV (r= —0.618, P<.01). Mnultiple regression
analysis using HDSR as a dependent variable and hbPWV,
age, sex, and mean blood pressure as independent variables
revealed that hbPWV (§ = — 0.700, P<.05) was indepen-
dently related to HDSR.

The present study demonstrated that subjects with
extensive white-matter lesions or a history of hypertension
had higher PWV than others, consistent with a previous
report,’ even though subjects with typical vascular demen-
tia were excluded. Multivariate analysis and analysis using
the snbjects without obvious vascular factors showed that
arterial stiffness as measured using PWV was independently
related to cognitive function. These results suggest that
arteriosclerosis, even in a subclinical state, plays a role in
cognitive impairment and that PWV serves as a useful tool
to assess the vascular contribution in subjects with mild to
moderate nonvascular dementia. Recent papers have shown
that PWV can predict the future occurrence of cardiovas-
cular disease.’ Furthermore, a new paradigm—vascular
cognitive impairment—in which vascular factors play a
variety of roles in the pathogenesis of dementia has been
proposed.? It is necessary to perform a large-scale study
to confirm our preliminary results and a prospective

HDSR (points)

° =-0.615, P< .0

400 500 600 700 800 900
hbPWV (em/s)

1000

Figure 1. Correlation between heart-brachial pulse wave veloc-
ity (hbPWV) and Hasegawa Dementia Scale Revised (HDSR) in
subjects with (open circles, n = 9) and without (closed circles,
n=18) vascular factors such as extensive white-matter lesions
and history of hypertension. Dotted line and solid line indicate
regression lines in all the subjects and the subjects without
vascular factors, respectively.
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longitudinal study to examine whether high PWV could be
a risk factor for cognitive impairment.
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GERIATRIC TRAINING IN PROBLEM-BASED
LEARNING: AN ASIAN PERSPECTIVE

To the Editor: Problem-based learning (PBL) is gradually
becoming popular in medical schools in Asian countries.® It
is an integrated, student-centered educational approach,
which uses problems (triggers) as the key units for
stimulating and structuring relevant student learning. Such
learning is largely dependent on the quality of the
problems? and the areas tested in PBL.> Aligning PBL
activities with subsequent student assessment often proves
to be difficult, because it is different from the assessment
conducted in the traditional curriculum. A study was
conducted to analyze the PBL problems and examination
questions used in the School of Medical Sciences, Universiti
Sains Malaysia (USM) to examine the demographic
characteristics of the people featured and the level of acuity
of case scenarios presented.

AllPBL problems (n = 51) used in Phase IT (Years 2 and
(MEQ), and 169 objective-structured clinical examination
(OSCE) questions (in which age and presenting illness were
mentioned) of five academic sessions (1998-2003) were
analyzed. The findings revealed that problems and exam-
ination questions mostly included acute and rapidly
resolving illnesses in young people and underemphasized
elderly people (aged >60) with chronic, irreversible dis-
eases. Only nine (17%) problems and 34 examination
questions (MEQ 19%, OSCE 10%) featured older people.
Moreover, those problems and questions mainly involved
the early elderly (aged 60-74). Only one problem and one
MEQ featured advanced elderly (aged >70). In the prob-
lems and questions, where the presenting illness was
mentioned, it was of one month’s duration in 78% of

3) of USM PBL curriculum, 95 modified essay questions’

problems, 69% of MEQs, and 41% of OSCEs. Conversely,
only in 4% of problems, 8% of MEQs, and 22.% of OSCEs,
was the presenting complaint of more than 1 year’s
duration. In 41 PBL problems, the outcome was mentioned;
this occurred within 1 year in 11%, within 1 month in 28%,
and within 1 week in 61%.

Adequate exposure to geriatric-related issues is pro-
vided to the students in the different phases of the USM
curriculum. As the PBL is the main teaching-learning
strategy in Phase 2 that facilitates the integration of basic
and clinical sciences, such emphasis may contribute to the
development of negative attitudes among the students
toward elderly patients and people with chronic diseases,
as mentioned in other studies.*® Studies also showed that
this type of emphasis might also deter students from careers
that focus on the elderly® and chronically sick.” This has
wider implications when there is a clear demographic trend
toward a rapid increase of the elderly population in
Malaysia and worldwide.® According to United Nations
estimates, the population of elderly in the world will reach
1.2 billion by 2025, the majority of whom will be in
developing countries.” This is also important because health
care 1s shifting away from the diagnosis and management of
acute diseases toward caring for increasingly elderly people
with chronic illnesses.?

As a subject, geriatric medicine is not well established in
the schools of Asian countries. The World Health Organiza-
tion® strongly advocated including relevant aging- and
geriatric-related issues in the medical curriculum. Medical
schools should provide opportunities for their students to be
exposed to older patients with adequate positive experiences
in hospital, community, and long-term care settings. Some
problems of the PBL segment and examination questions
could be designed to focus exclusively on the elderly with
chronic diseases.'® Curriculum planners should regularly
analyze the demographic and pedagogical characteristics of
problems and examination questions to determine whether
aging- and geriatric-related content is adequately covered in
PBL curriculum. Emphasis given to such content significantly
improves attitudes and knowledge of students toward the
elderly.* Reorientation of medical education is necessary to
promote more concern among physicians about the needs of
the elderly and people who are chronically ill.

Md. Anwarul Azim Majumder, PbD
Ahmed Fuad Ab. Rabim, MHPEd
Department of Medical Education
Sayeeda Rabman, MPharm, MBA

Department of Pharmacology
School of Medical Sciences
Universiti Sains Malaysia
Kelantan, Malaysia
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Improvement of inappropriate
prescribing and adverse drug
withdrawal events after admission
to long-term care facilities

Yumiko Mita," Masahiro Akishita,’ Katsuaki Tanaka,' Shizuru Yamada,'
Ryuhei Nakai,* Eigo Tanaka,® Tetsuro Nakamura* and Kenji Toba’

'Department of Geriatric Medicing, Kyori University School of Medicine, *Mizukusaki-En and *Research
Institute of Aging Science, Tokyo, and *Department of Neurology, Fukuoka University School of Medicine,
Fukuoka, Japan

Background: The objectives of this study were to determine whether medications, par-
ticularly inappropriate prescribing, would be reduced after admission to long-term care
facilities, and whether adverse drug withdrawal events (ADWEs) would occur in relation to
discontinuation of medications.

Methods: The study consists of a retrospective survey using medical chart review in five
health service facilities for the elderly in Japan. All the patients who were admitted to the
facilities between January 2001 and December 2002 (N = 627) were participants in the
study. Medications taken on admission, at 1 month and 3 months after admission, and
events (significant worsening of the disease status, accidents, new symptoms and signs, and
other acute events) during a 3-month period were recorded. Inappropriate prescribing was
determined using Beers’ criteria with some modification. ADWEs were determined using
the Naranjo causality algorithm.

Results: On admission, the patients were taking 3.5£2.5 (mean+SD) drugs. One
month later, the number of prescribed drugs was decreased by 17% (P < 0.01 vs on admis-
sion), but did not show an additional reduction 3 months later. Inappropriate prescribing
was found in 10% of the patients taking drugs on admission, but the number of inappro-
priately prescribed medications was reduced by 33% after 1 month. Of 105 events
recorded, only five (2% of the patients with drug reduction) were considered ADWEs;
three cases of confusion, a case of depression, and a case of hyperglycemia, following dis-
continuation of psychotropic drugs, antidepressants and a sulfonylurea, respectively.

Conclusion: Adverse drug withdrawal events were not frequent despite the significant
reduction of medications after admission to long-term care facilities. This might be
because the rate of reduction was relatively high for inappropriately prescribed
medications.

Keywords: adverse drug reaction, long-term care, medical expense, medical injury,
pharmacotherapy.
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Adverse drug reactions in elderly people increase with
age," with most being attributable to medication errors
that are preventable.** Age-dependent changes in phar-
macokinetics and pharmacodynamics, polypharmacy
and non-compliance related to patients’ functional



Drug withdrawal in long-term care facilities

decline may play a role.!?® In particular, polypharmacy
resulting from multiple pathology in elderly people is a
critical problem leading to adverse drug reactions.! To
prevent polypharmacy, review of prescriptions is essen-
tial according to evidence-based medicine and criteria
for inappropriate prescribing.®® In fact, inappropriate
use of medication in elderly people has been reported to
be as frequent as 16% to 25%.°

Conversely, discontinuation of medications to
improve polypharmacy or inappropriate prescribing
may induce adverse drug withdrawal events (ADWEs),"
although the net effect on adverse drug reactions can be
favorable in elderly outpatients.!’ Fixed payment insur-
ance systems restrict medication use, possibly leading to
a reduction of inappropriate prescribing and/or an
increase of ADWESs. In health service facilities for the
elderly in Japan, where functional training and nursing/
personal care are provided under long-term care instr-
ance," a fixed payment system including prescribing of
medication is applied. Accordingly, it is hypothesized
that prescribed drugs, particularly inappropriate pre-
scribing, would be reduced after admission to the facil-
ities, and that ADWEs would occur in relation to
discontinuation of medications. To test this hypothesis,
we performed a retrospective chart review of a total of
627 patients in five health service facilities for the eld-
erly, and found that prescribed drugs can be reduced
with few ADWE:s in such a frail elderly population with
chronic diseases.

Meth_ods

Sample and data collection

The data were derived from five health service facilities
for the elderly (Mahoroba-no-5ato, Nagano; Moeu-
no-Sato, Nagano; Himawari-En, Fukuoka; Millenium-
Sakuradai, Tokyo; Mizukusaki-En, Tokyo) in Japan.
Institutional medical charts were reviewed for all the
patients admitted between January 2001 and December
2002. Diagnoses of each patient were not recorded
because they were unclear from the institutional charts,
but Alzheimer’s disease, cerebrovascular disease and
osteoporosis were the main causes of disability in each
institution. The average basic activities of daily living,
as measured by the Barthel index, were 70-80 points
out of 100 points according to the institutions. Medi-
cations that the patients were taking on admission and
prescribed drugs 1 month and 3 months after admis-
sion were recorded. Similarly, all the events (significant
worsening of the disease status, accidents, new symp-
toms and signs, and other acute events) during a 3-
month period were recorded. The institutions that
managed the patients before admission were catego-
rized as acute care hospitals, outpatient clinics (home),
sanitarium-type wards, special nursing homes for the

elderly and health service facilities for the elderly.
Patients with voluntary discharge within 3 months
excluding cases of death or transfer to another hospital
were excluded, and a total of 627 patients were ana-
lyzed. The director of each institution gave written
approval to the participation in this study. The study
protocol was approved by the committee on ethics and
the institutional review board of Kyorin University
School of Medicine.

Analysis

Inappropriately prescribed medications were deter-
mined using an updated version of the list developed by
Reers with some modification.’ Basically, we followed
the list by Sloane etal. in which several drugs were
excluded from Beers' list in consultation with Dr
Beers,>? reflecting changes in pharmacotherapy, but we
included digoxin at more than 0.125 mg/day and oral
iron at more than 325 mg/day in the list because these
dosages were recorded in the medical chart. In this
study, diagnosis-related inappropriate prescribing was
excluded,® as in the study by Sloane et al. because the
institutional chart did not include all the diagnoses of
the patients.’

All the events were reviewed by a consultant geriatri-
cian, and ADWEs were determined using the Naranjo
causality algorithm.” Because detailed information,
such as the effect of re-administration was lacking in
most cases, a probability scale = 1 (possible, probable or
definite) was considered to indicate an ADWE.

The data in the text and the tables are expressed as
means T SD unless otherwise specified. Changes in the
number of prescribed drugs after admission were
analyzed using paired #-test. Differences between
the groups were analyzed using ANOVA followed by
Newman-Keuls' test.

Results

Number of prescribed drugs

The patients were taking 3.5 £ 2.5 drugs when admitted
to the facilities (Table 1). Forty-six patients (7.3%) were
not taking any drug, while 50 patients (8.0%) were on
eight or more drugs. Women were taking fewer drugs
than men. This sex difference seemed independent of
age, although a statistically significant difference was
found only at 80-89 years of age when the patients were
categorized by age groups (Table1). Interestingly,
patients of 80 years or older were taking fewer drugs
than those younger than 70 years, in contrast to a pre-
vious finding that the number of prescribed drugs
increased according to age.**!S

As shown in Table 2, the mean number of pre-
scribed drugs had decreased by 0.6 (17%) 1 month
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Table T Number of drugs taken on admission according to sex and age

All Men Women P for sex difference
Total 3.5+2.5 (627) 42428 (177) 3.3 2.4 (450) <0.01
< 69 years 4.4+3.1 (36) 4.6+3.5 (19) 4.2+2.6 (17) 0.70
70-79 years 4.0 £2.6 (131) 4.6 £3.0 (43) 3.7 £2.3 (88) 0.08
80-89 years 3.3 +£2.3% (316) 4.0 £2.6 (81) 3.0 £2.2 (235) 0.02
2 90 years 3.5 £2.7% (144) 4.2 +2.4 (34) 3.2+2.8 (110) 0.08

#P < 0.0S versus < 69 years by Newman-Keuls’ test.

Data are expressed as mean + SD. Number of subjects is indicated in parentheses.

Table 2 Changes in number of prescribed drugs after admission to health service facilities for the elderly

No. of subjects On admission After 1 month After 3 months

Total 627 3.5+2.5 2.9+£2.2% 3.0 £2.1*
Type of institution before admission

Acute care hospital 115 4.8 £3.3F 4.2 £ 2 9%t 4.1 %27t

Qutpatient 200 3.6+2.3 2.8 £1.8% 29%£2.0

Special nursing home 24 33+2.1 2.5+1.7% 2.6+ 1.8%

Sanitarium-type ward 188 3.1+£23 2.6 £1.9% 2.6 £1.9%

Health service facility 100 26+%1.8 2.4+7.6% 2.5+1.7%
Facility

A - 83 49+3.4 4.6+3.0 46+24

B 80 42128 3.9 £2.4% 4.0+2.5

C 39 4127 24 +£1.7% 2.2+1.4%

D 172 3.2+19 2.4 +1.5% 2.4+1.5%

E 253 3.0+£22 2.6+£1.9% 2.5+1.9
Event

No 517 3.5+2.5 2.8 £2.0% 2.8x2.1%

Yes 104 3.6+27 3.4 £2.5%% 3.7 £ 2.0%%F

#P < 0.01 versus on admission by paired #-test; **P < 0.01 versus after 1 month by paired t-test; tP < 0.01 versus other types of
institution by Newman-Keuls’ test; ***P < (0.05; #0.01 versus Event {-) by Newman-Keuls’ test.

Data are expressed as mean * SD.

after admission (P < 0.01 versus on admission), but
did not show an additional reduction 3 months after
admission. A significant reduction was seen at 1
month irrespective of the type of institution that had
managed the patients before admission, although the
number of drugs on admission and the degree of
reduction differed between the types of institutions.
However, there was a large variation in the reduc-
tion of prescribed drugs between the facilities, pre~
sumably due to differences in the overall philesophy
of the attending physicians and the disease and/or
functional status of the patients. Patients with and
without events during a 3-month period were ana-
lyzed separately (Table 2). They were taking a compa-
rable number of medications on admission. The
number of drugs in the patients with events was not
significantly decreased at 1 month, and was rather
increased at 3 months after admission because in
many cases additional drugs were prescribed for
treatment of events.
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Discontinued drugs and inappropriate prescribing

Categorized by therapeutic class, discontinuation
was frequent with neuropsychologic (121 cases),
gastrointestinal (116 cases) and cardiovascular (94
cases) drugs, followed by metabolic/endocrine drugs
(36 cases). Anti-ulcer drugs (44 cases) including H2
blockers and prostaglandin analogs, antipsychotics
(35 cases), antihypertensives (33 cases) including
calcium channel blockers, B blockers and angio-
tensin converting enzyme inhibitors, hypnotics (31
cases), laxatives (31 cases) and non-steroidal
anti-inflammatory drugs (22 cases) were frequently
withdrawn.

On admission, inappropriate prescribing was seen in
58 patients (10.0% of 581 patients taking drugs). Ticlo~
pidine, digoxin at more than 0.125 mg/day and oxybu-
tynin were prescribed in five or more cases (Table 3).
Inappropriately prescribed medications were reduced by
33% 1 month after admission, and did not change
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Table 3 Number of inappropriately prescribed drugs
on admission and 1 month after admission

Medication On admission After 1 month
Ticlopidine 36 25
Digoxin® 11 8
Oxybutynin 5 4
Amitriptyline 4 2
Benzodiazepines? 3 1
Disopyramide 1 1
Indomethacin 1 1
Total 61 41

"More than 0.125 mg/day; *Flurazepam, Chlordiazepoxide and
Diazepam

thereafter (data not shown). The reduction was not
restricted to specific drugs.

Events during admission

A total of 104 events were seen in 16.7% of the patients
during a 3-month admission period. Frequent events
(nine cases or more) were New OCCUITENCES OF WOrsen-
ing of psychological disorders (14 cases); gastrointesti-
nal symptoms (12 cases); respiratory problems,
including aspiration, pneumonia and respiratory failure
(10 cases); pyrexia and infection other than pneumonia
(10 cases); and falls and fractures (nine cases).

Five cases of ADWEs were found in 2.2% of 230
patients with drug reduction. These included three
cases of confusion following discontinuation of psycho-
tropic drugs, a case of depression following discontin-
uation of antidepressants and a case of hyperglycemia
following discontinuation of a sulfonylurea.

Subgroups analyses were performed to examine the
bias effect on events. The rates of events by type of insti-
tutions before admission were 24.5% in the subjects
from acute care hospitals, 18.1% in those from outpa-
tient clinics (not significant compared to other groups)
and 13.1% in those from other types of institutions
(P < 0.05 versus the subjects from acute care hospitals).
Specific types of events were not related to the higher
rate of events in the subjects from acute care hospitals,
suggesting that unstable conditions of these patients
may play a role. Of five cases with ADWEs, three were
found in the subjects from outpatient clinics, one from
special nursing homes and one from sanitarium-type
wards. Thus, it is likely that possible non-compliance in
outpatients or types of institutions before admission did
not influence the principal results concerning ADWEs.

The subjects in facilities A and B (Table 2), in which
significant drug reduction was not observed, showed a
higher rate of events than those in other facilities
(28.1% versus 12.9%, p < 0.001). This result indicates
that adverse drug reactions associated with polyphar-

macy would have been included in these events, or addi-
tional drugs would have been prescribed for treatment
of events, although no specific type of events was noted
regarding the difference between the facilities. No
ADWESs were found in the subjects in facilities A and B,
presumably relating to the continuation of medications.

Discussion

The present study showed that the number of pre-
scribed drugs was significantly decreased within 1
month after admission to health service facilities for the
elderly. Discontinuation was not limited to inappro-
priate prescribing, but a larger proportion of inappro-
priately prescribed medications were discontinued
compared to the total reduction of prescribed drugs
(33% versus 17%). ADWEs were not frequent, being
found in only 2.2% of the patients with drug reduction,
while unrelated events occurred in 16.7% of the total
patients.

Reflecting on the high incidence of polypharmacy and
adverse drug reactions in elderly patients,'"'* the prin-
cipal finding of the present study that prescribed drugs
can be reduced safely in frail elderly patients provides
important information on pharmacotherapy. Every phy-
sician may make an effort to prescribe the minimum
number of drugs, but a patient’s long history of illness
results in the accumulation of prescribed drugs together
with the uncertain efficacy of the drugs. Consequently,
the necessity of each medication should be reviewed
regularly according to evidence-based medicine and cri-
teria for inappropriate prescribing.®¢ There is a great
opportunity to reconsider prescriptions when attending
physicians and/or the insurance system change, as was
the case with the present study.

The number of prescribed drugs on admission in this
study was smaller than that found in the geriatric ward
of our university hospital and that found in residential
care/assisted living facilities in the USA.*® This may be
because nearly half of the subjects were admitted from
long-term care hospitals or facilities, and thus, pre-
scribed drugs had already been restricted. In fact,
patients from acute care hospitals were taking more
drugs than those from other types of institution. It is
interesting that an older age was associated with a
smaller number of prescribed drugs, and this did not
change when the data were analyzed according to the
type of institution from which the patients had come
(data not shown). This finding is inconsistent with
previous observations in hospitalized or community-
dwelling patients,>'*'® but is reasonable to prevent non-
compliance and adverse drug reactions. At the same
time, however, the age-related decrease in medications
may involve possible discrimination towards very old
people. The smaller number of prescribed drugs in
women and discontinuation of medications after
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admission in this study are inconsistent with previous
reports,'®!” and may imply age and sex discrimination,
although discontinuation seemed successful in this
study. Thus, the discrimination issue should also be
taken into consideration concerning pharmacotherapy
in older people.

In the present study, ADWEs were fewer than the
previously reported study in which 26% of cases of dis-
continuation led to ADWEs in elderly outpatients
during a 4-month period.’® One of the reasons that
ADWEs were rare in the present study might be that
the rate of reduction was relatively high for inappropri-
ately prescribed medications, although most of the
attending physicians did not know the criteria for inap-
propriate prescribing such as Beers' list.> Another rea-
son is that consultant physicians or geriatricians made
decisions on prescriptions, based on the disease and
functional status of each patient. In fact, most of dis-
continued drugs were not on the list of inappropriate
prescribing, implying that unnecessary drugs had been
prescribed before admission to long-term care facilities.
In addition, it is possible that we missed ADWEs that
progressed very slowly and manifested after the follow-
up period of 3 months. We also failed to address the
effect of prophylactic medications such as antiplatelet
and lipid-lowering agents.

It should be kept in mind that the present results were

obtained in a frail elderly population admitted to long-
term care facilities where most of the subjects were in a
stable state with chronic illness.' However, as a model
to investigate the effect of drug reduction in elderly peo-
ple, the present findings will add new insight into phar-
macotherapy in the elderly, and should be confirmed in
different settings such as hospitals and outpatient clin-
ics. Obviously, medications for acute illness should nei-
ther be decreased, nor should physicians hesitate to
initiate them even in very old patients, and in fact, pre-
scribed drugs were increased in the patients with events
during admission in this study. To safely apply the find-
ings of the present study to clinical practice, knowledge
of the criteria for inappropriate prescribing should be
widely distributed, and blanket discontinuation of drugs
must be avoided. In the present study, we used the
Beers' criteria to determine inappropriately prescribed
medications because corresponding criteria do not exist
in Japan.® Consequently, we failed to check many inap-
propriate drugs that are used in fapan but are not on the
Beers' list or sold in the USA. Future investigation using
the Japanese criteria for inappropriate prescribing,
which the Japan Geriatrics Society is going to establish,
will add more information. In Japan, the fixed payment
insurance system has begun to cover elderly patients,
with the expansion of the elderly population and med-
.ical expenses. Therefore, it is essential to establish an
effective and safe way to refine the use of medication in
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elderly people in terms of prevention of adverse drug
reactions and ageism.
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Abstract

Flow-mediated dilation (FMD) of the brachial artery, carotid intima-media thickness (IMT) and pulse wave velocity (PWV) have been
shown to be good surrogate markers of clinical atherosclerosis. We determined the interrelation between these measurements, and examined
whether their combination would be of clinical significance. One hundred and thirty-five consecutive subjects (79 women/56 men) were
enrolled, including 110 patients with risk factors for atherosclerosis, and 33 patients with atherosclerotic disease such as coronary heart
disease, stroke or arteriosclerosis obliterans. IMT and plaque formation of the carotid artery and FMD of the brachial artery were assessed
using ultrasonography. Brachial-ankle PWV (baPWV) was measured using an automated device (form ABI/PWYV, Colin). Age, FMD, IMT
and PWV were significantly correlated with each other. Multivariate analysis revealed an independent correlation between the parameters
except for FMD, and all four parameters were independently correlated with each other in subjects <70 years. Next, we classified the subjects
by tertile according to the values of FMD, IMT and PWV. Each of the worst tertiles was associated with a higher prevalence of atheroscierotic
disease and carotid plaques compared to the other tettiles. Moreover, subjects with the worst tertiles of all three measurements had a markedly
higher prevalence of atherosclerotic disease and carotid plaques. These results suggest that FMD, IMT and PWV are related to each other,

but the combination of these measurements will be of stronger clinical relevance.

© 2003 Elsevier Ireland Ltd. All rights reserved.

Keywords: Areriosclerosis; Endothelium; Arterial stiffness; Elasticity

1. Introduction

A number of methods have been applied for the
non-invasive assessment of cardiovascular risks. These in-
clude flow-mediated dilation (FMD) of the brachial artery,
pulse wave velocity (PWV) and carotid intima-media thick-
ness (IMT). FMD is known to be endothelium-dependent
and can be measured during reactive hyperemia using
high-resolution ultrasound [1,2]. Measurement of IMT also
employs B-mode ultrasonography, which can detect mor-
phological change of the carotid artery, consisting of both
an intimal atherosclerotic process and medial hypertrophy
[3]. PWV reflects arterial distensibility and can be mea-

* Corresponding author. Tel.: +81-422-47-5511;
fax: 4-81-422-44-1917.
E-mail address: akishita@kyorin-u.ac.jp (M. Akishita).

sured by pressure or volume pulse wave analysis using
a transducer [4]. These three methods have been widely
used in clinical settings because they are shown to be
good surrogate markers of clinical atherosclerosis [1-4].
Impairment of these indices is associated with coronary
artery disease or cerebrovascular disease. Also, in patients
with atherosclerosis risk factors such as hypertension, hy-
perlipidemia and diabetes mellitus, each of these three
indices is impaired and can be ameliorated by treatment
[1-4].

Several studies have demonstrated a significant correla-
tion between aortic PWV and carotid IMT {3,6]. We have
previously shown that FMD was negatively correlated with
IMT [7]. However, little data have been published on the in-
terrelation of these three measurements. In addition, whether
their combination is clinically significant and useful has not
been elucidated.

0021-9150/$ — see front matter © 2003 Elsevier Irefand Ltd. All rights reserved.

doi:10.1016/j.atheros olerosis.2003.10.013
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In the present study, we demonstrated that decreased FMD
in the brachial artery was related to increased brachial-ankle
and heart-carotid PWV (hcPWV) as well as to increased
carotid IMT. Furthermore, we showed that the combination
of these three measurements was useful in predicting the
presence of atherosclerotic disease.

2. Methods

2.1. Subjects

One hundred and thirty five consecutive subjects were
enrolled in this study. The characteristics of the study sub-
Jjects are shown in Table 1. They included 25 healthy vol-
unteers, 110 patients with atherosclerosis risk factors such
as hypertension, hyperlipidemia or diabetes mellitus, and 33
patients with atherosclerotic disease such as coronary heart
disease, stroke or arteriosclerosis obliterans. They were re-
cruited from outpatients, inpatients, and community volun-
teers. A history was taken, and physical examination and
laboratory tests were performed in all subjects. Atheroscle-

Table 1
Clinical characteristics of subjects and classification by tertile of
atherosclerotic measures

Men/women 56/79 (n = 135)
Age (years) 62 £ 16
No risk factor, n (%) 25 (19
Hypertension, » (%) 51 38)
Hyperlipidemia, n (%) 64 (47)
Diabetes mellitus, n (%) 35 (26)
Current smoker, n (%) 20 (15)
Atherosclerotic disease
Stroke, n (%) 21 (16)
Coronary artery disease, n (%) 10 (D
Arteriosclerosis obliterans, n (%) 5@
Total atherosclerotic disease, n (%) 33 (24)
Atherosclerotic measurements
FMD (%)
Tertile 1 (>4.0) 6.0 & 1.7
Tertile 2 (>1.9, <4.0) 29 £+ 0.7
Tertile 3 (<1.9) 0.8 + 0.9
IMT (mm)
Tertile 1 (<0.75) 0.63 £ 0.08
Tertile 2 (>0.75, <1.02) 0.87 £ 0.11
Tertile 3 (=1.02) 1.17 £ 0.19
baPWV (m/s)
Tertile 1 (<14.34) 1237 £ 1.40
Tertile 2 (>14.34, <18.80) 16.18 + 1.26
Tertile 3 (>18.80) 22.88 + 3.99
hePWV (m/s)
Tertile 1 (<7.40) 6.00 = 1.04
Tertile 2 (>7.40, <9.80) 8.53 £ 0.73
Tertile 3 (=9.80) 11.56 * 1.65

Age and atherosclerotic measurements by tertile are expressed as mean =
S.D. FMD, percent flow-mediated dilation of brachial artery, IMT,

intima-media thickness of common carotid artery; baPWV and hcPWV,
brachial-ankle and heart-carotid pulse wave velocity, respectively.

rotic disease was defined as follows: (1) stroke, confirmed
by brain computed tomography and a documented history;
(2) coronary artery disease, confirmed by coronary arteriog-
raphy and/or a documented history of myocardial infarction
within 5 years; (3) a clinical diagnosis of arteriosclerosis
obliterans. Exclusion criteria for this study included clinical
manifestations of venous thromboembolism, liver disorder
and history of cancer(s). Each subject gave written informed
consent before enrollment in this study, after receiving a
thorough explanation of the study design and protocol.

2.2. Measurement of carotid IMT

Ultrasound measurements of IMT of the common carotid
artery were performed as previously described [7] by an
examiner who was unaware of the subjects’ clinical back-
ground. The same examiner performed the measurements
of IMT, FMD and PWV throughout the study. Briefly, IMT
was measured from high-resolution, two-dimensional ultra-
sound images obtained with an ultrasound machine (Pow-
erVision 6000, Toshiba) with a 7.5 MHz linear-array trans-
ducer. The subject reclined on the examination table for
15 min before the initial carotid ultrasound scanning, in a
quiet, temperature-controlled (22-24 °C) room. This mea-
surement was applied to the far wall of the right carotid
artery. With the subject in the supine position, an ultrasound
probe was applied longitudinally to the surface of the skin
on the right side of the neck. Longitudinal scanning was per-
formed from the common carotid artery to the bifurcation
of the common carotid artery. Scanning was performed in
the optimal position. An ECG monitor integrated with the
ultrasound machine was also applied. The ultrasound im-
ages were recorded on S-VHS videotape. After the bifurca-
tion of the common carotid artery was confirmed, IMT was
measured from the B-mode scan with electronic calipers
to within 10 mm proximal to the bifurcation. Four points
were measured in one scan, which was synchronized with
the R-wave peaks on the ECG to avoid possible errors re-
sulting from variable arterial compliance. Two scans were
performed for each study subject. Mean IMT was calculated
from eight points. The variability of the ultrasound measure-
ments of IMT was studied by performing five measurements
over 1 month mn 12 volunteers. The intraobserver coefficient
of variation for measurement of IMT was 4.2 &+ 0.7%.

The presence of plaque(s) in the right carotid artery was
assessed by evaluating the ultrasound images of the common
and internal carotid artery, and the bifurcation. A plaque was
defined as a focal widening relative to adjacent segments,
with protrusion into the lumen composed of either only calci-
fied deposits or a combination of calcified and non-calcified
material [5].

2.3. Measurement of FMD of brachial artery

Studies of FMD were performed according to the method
described previously [7]. The diameter of the artery was
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measured on high-resolution, two-dimensional ultrasound
images obtained with an ultrasound machine (PowerVision
6000, Toshiba) with a 7.5 MHz linear-array transducer. Ma-
chine operating parameters were kept constant during each
study.

The right brachial artery was scanned over a longitudi-
nal section, 3-5cm above the right elbow. Depth and gain
settings were optimized to identify the lumen-to-vessel wall
interface. An ECG monitor integrated with the ultrasound
machine was also applied. When an adequate image was
obtained, the surface of the skin was marked, and the arm
was kept in the same position throughout the study. A pneu-
matic tourniquet placed around the forearm distal to the tar-
get artery was inflated to a pressure of 250 mmHg, and in-
flation was held for 5 min. Increased flow was then induced
by sudden cuff deflation. A second scan was performed con-
tinuously for 60 s before and 120 s after cuff deflation. The
ultrasound images were recorded on S-VHS videotape. The
diameter of the brachial artery was measured from the ante-
rior to the posterior interface between the media and adven-
titia (“m line) at a fixed distance. The mean diameter was
calculated from four cardiac cycles synchromzed with the
R-wave peaks on the ECG. All measurements were made at
end-diastole to avoid possible errors resulting from variable
arterial compliance. Maximal vasodilatation was observed
45-60s after cuff release. The change in diameter caused
by FMD was expressed as the percent change relative to
that in the initial resting scan. The velocity profile of blood
flow was simultaneously recorded. Mean flow velocity was
calculated by measuring the area under this velocity profile
curve. Blood flow (in milliliters per minute) was then calcu-
lated by multiplying the cross-sectional area of the brachial
artery, which was based on the diameter, and the mean flow
velocity. Changes in diameter of 0.1-0.2 mm can be detected
accurately with this method {7]. The intraobserver coeffi-
cient of variation for measurements of FMD was 5.8 £0.3%
(10 measurements i five subjects).

2.4. Measurement of PWV

PWV measurements were performed subsequently to
FMD measurements, with the subject in the supine posi-
tion. PWV was measured using an automated device (form
PWV/ABI, Colin Co. Ltd., Komaki, Japan) as previously
reported [8,9]. The device records PWYV, blood pressure,
ECG and heart sounds simultaneously. ECG electrodes
were placed on both wrists, and a heart sound microphone
was placed on the left sternal border.

The cuffs to measure brachial-ankle PWV (baPWV) were
wrapped around both upper arms and ankles, and connected
to a plethysmographic sensor that determines volume pulse
form. Volume waveforms were stored for a sampling time
of 10s with automatic gain analysis and quality adjust-
ment. The time delay from the ascending point of the right
brachial waveform to the ascending point of each ankle
waveform (ATba) was determined. The distance of each

segment (I.b-La) is automatically calculated based on the
patient’s height and was derived from statistical studies.
Then, baPWV was calculated using the formula; baPWV
= La-Lb/ATba. The average of left and right baPWV in each
subject was used for the analysis. To measure heart-carotid
PWV, a multi-element carotid tonometry sensor with a
holder arm was placed around the neck [9]. The time delay
from the foot of the second sound of the phonocardio-
gram to the dicrotic notch of the carotid waveform (AThe)
was calculated. The distance from the heart to the carotid
artery (Lc) was deduced based on the patient’s height.
Then, hePWV was calculated using the formula; hcPWV
= Lo/AThe. The intraobserver coefficients of variation
for measurements of baPWV and hePWV were 2.0 £ 0.5
and 4.5 &+ 1.4%, respectively (five measurements in eight
subjects).

2.5. Statistical analysis

All data in the text, tables, and figures are expressed
as mean & S.E.M. unless otherwise specified. Pearson’s
simple correlation coefficient between age, FMD, IMT
and PWV was determined. Categorical difference was
analyzed by Chi-squared test. Standardized regression co-
efficients from multiple regression analysis of baPWV m
relation to age, FMD and IMT were analyzed. Logistic
regression analysis was performed to evaluate the rela-
tion between the combination of FMD, IMT and PWV,
and the prevalence of atherosclerotic disease and carotid
plaques. A value of P < 0.05 was considered statistically

significant.

3. Results
3.1. Correlation between age, FMD, IMT and PWV

Table 2 shows the Pearson correlation matrix between age,
FMD, IMT, baPWV and hePWV. All the parameters were
significantly correlated with each other. However, each sub-
ject did not always belong to the same category by tertile
of atherosclerotic measurements (Fig. 1); e.g., the subjects
in tertile 3 of baPWV (baPWV > 18.80) were widely dis-
tributed in the tertiles of FMD, conversely, the subjects in

Table 2
Pearson correlation matrix between age, FMD, IMT and PWV

FMD IMT baPWV hePWV
Age -0.592 0.567 0.662 0.478
FMD —0.343 —0.493 -0.364
IMT 0477 0.460
baPWV 0.392

FMD, percent flow-mediated dilation of brachial artery; IMT, intima-media
thickness of common carotid artery; baPWV and hePWYV, brachial-ankle
and heart-carotid pulse wave velocity, respectively. All correlation coef-
ficients were statistically significant (P < 0.0001).
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Fig. 1. Relations between brachial-ankle PWV (baPWV) and flow-mediated dilation (FMD) of brachial artery (left panel), and between baPWV and carotid
intima-media thickness (IMT) (right panel). Solid lines and dotted lines indicate regression lines and tertile borders of each measurement, respectively.

tertile 3 of FMD (FMD < 1.9) were widely distributed in
the tertiles of baPWV.

Multiple regression analysis was performed with baPWV
as a dependent variable and with age, mean arterial pres-
sure of the right brachium, FMD and IMT as independent
variables. As shown in Table 3, age, mean arterial pressure
and IMT were independently related to baPWV. If the sub-
jects <70 years (n = 89) were analyzed separately to di-
minish the effect of age, FMD as well as IMT, mean arterial
pressure and age were independent determinants of baPWV.
Multiple regression analysis with FMD or IMT as a depen-
dent variable and analysis using hcPWYV instead of baPWV
showed comparable results.

3.2, Prevalence of atherosclerotic disease and carotid
plagues in relation to FMD, IMT and PWV

We classtfied the subjects by tertile according to the val-
ues of FMD, IMT and baPWV (Table 1). Each of the worst
tertiles, tertile 3, was associated with a higher prevalence of
atherosclerotic disease and carotid plaques compared to the
other tertiles. Atherosclerotic disease was found in 36, 40
and 39% of subjects in tertile 3 of FMD, IMT and baPWYV,
respectively, but was found in 18, 15 and 16% of subjects in

Table 3
Multiple regression analysis with brachial-ankle PWV as dependent vari-

able and age, mean arterial pressure (MAP), FMD and IMT as indepen-
dent variables

All subjects Age <70 years

R P-value R P-value
Age 0.406 0.000 0.245 0.022
MAP 0.261 0.000 0.215 0.009
FMD -0.130 0.110 -0.212 0.025
™MT 0.169 0.027 0.336 0.000

R represents standardized regression coefficients, FMD, percent
flow-mediated dilation of brachial artery; IMT, intima-media thickness of
common carofid artery and PWYV, brachial-ankle pulse wave velocity.

the other tertiles of the corresponding parameter (£ < 0.05
by Chi-squared test). Similarly, carotid plaques were found
in 64, 70 and 69% of subjects in tertile 3 of FMD, IMT
and baPWV, respectively, but in 34, 28 and 30% of sub-
jects in the other tertiles of the corresponding parameter
(P < 0.01 by Chi-squared test). These results suggest that
each of the three measurements is comparably predictive
of atherosclerotic disease and carotid plaques. As shown in
Fig. 2, however, the subjects with the worst tertiles of all
three measurements had a markedly higher prevalence of
atherosclerotic disease and carotid plaques (67 and 89%,
respectively). In logistic regression analysis unadjusted or
adjusted for sex, hypertension, hyperlipidemia, diabetes and
current smoking, the number of worst tertiles was signif-

:OO Atherosclerotic Carotid plaque
) disease ]
80 1 p<0.01 p<0.01
[0 ] —
2
S 601
©
8
O, 40
201
012 3 c 123

Accumulation of worst tertiles
in atherosclerotic measurements
(per patient)

Fig. 2. Prevalence of atherosclerotic disease and carotid plaques accord-
ing to the accumulation of worst tertiles in atherosclerotic measurements.
Scores were recorded by counting how many measurements were in the
worst tertiles in each patient. Atherosclerotic discase includes stroke,
coronary artery disease and arteriosclerosis obliterans. Statistical analy-
sis between the groups was performed by Chi-squared test and logistic
regression analysis.
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icantly related to the prevalence of atherosclerotic disease
and carotid plaques; adjusted hazard ratio (95% confidence
interval) by increment of the number of worst tertiles
was 1.88 (1.13-3.13) for atherosclerotic disease and 3.37
(2.00-5.70) for carotid plaques. Accordingly, it is likely that
the combination of FMD, IMT and PWV serves as a more
accurate indicator of clinical atherosclerosis than any single
measurement.

4. Discussion

Endothelial dysfunction is an early and potentially re-
versible event in atherogenesis {10], being detected as a de-
crease in FMD of the brachial artery {1,2]. An increase in
PWV reflects arterial stiffening as a result of structural and
functional changes of the vascular tree [4]. Recent reports
have demonstrated that endothelial nitric oxide is also impli-
cated in the regulation of PWV [11,12). In contrast, carotid
IMT quantitatively measures the arterial morphology con-
sisting of intimal lesions and medial hypertrophy [3]. Con-
sequently, brachial FMD, carotid IMT and brachial-ankle or
heart-carotid PWV evaluates different aspects of atheroscle-
rosis as well as different sites of the artery. Atherosclerosis,
however, undergoes systemic progression and results in the
worsening of these atherosclerotic parameters to some ex-
tent. Taken together, it is reasonable that FMD, IMT and
PWV correlated with each other in this study. This result
implies that each of the three measurements would be clin-
ically useful in a cohort study investigating the effect of in-
tervention therapy on outcomes.

When applying FMD, IMT and PWV to the clinical
setting, a problem may exist concerning the variability be-
tween the three measurements on an individual basis. A
good or bad result of a single measurement may mislead the
clinical evaluation of a subject. An important issue is how
these atherosclerotic parameters can predict the future oc-
currence of cardiovascular events, and should be addressed
by prospective studies. Although each of FMD [13], IMT
[14] and PWV [15] is reported to be predictive of cardio-
vascular events, the significance of their combination has
not been determined. Alternatively, we used the existence
of atherosclerotic disease and carotid plaques as surrogate
atherosclerotic outcomes, and tested the hypothesis that the
accumulation of inferior results would be associated with
higher rates of these outcomes. Analysis by tertile showed
that the combined evaluation of FMD, IMT and PWV
highly detected the prevalence of atherosclerotic disease
and carotid plaques compared to single assessment. There-
fore, accuracy may be improved by combining these three
measurements.

Combination of FMD, IMT and PWV may give reliable
information on clinical or subclinical atherosclerosis, but
bears the burden of time and manpower. Particularly, mea-
surement of FMD requires more than half an hour, as well as
skill for examination and measurement. Also, inter-observer

or inter-institutional variation i FMD [2] may make it
difficult to repeat measurements in a patient over years. In
contrast, IMT and PWV seem less complicated in terms of
examination time and procedure [3,4]. The automated device
for the measurement of PWV used in the present study re-
quires only a few minutes for the whole procedure [8]. Thus,
PWYV and/or IMT may be appropriate for the screening of
patients with atherosclerosis risk factors and for large-scale
studies. As a non-invasive assessment of endothelial func-
tion, however, FMD will remain the gold standard until
alternative simple and objective methods are established.
Because some subjects have endothelial dysfunction before
developing atherosclerosis that can be measured by IMT
and PWYV, it is important to evaluate endothelial function
as well.

This study contains some limitations in interpreting
the data. Brachial-ankle PWV is not so familiar as con-
ventional carotid-femoral and heart-ankle PWV, and its
significance for the prediction of cardiovascular events has
not been published. However, the validity and reliability
of brachial-ankle PWV are defined using the same device
as ours [8,16]. We also confirmed using the present sam-
ples that brachial-ankle PWV was correlated well with
heart-ankle PWV (r = 0.859). Our device estimates the
path length from the height of each subject based on the
superficial measurements in a Japanese population, suggest-
ing possible errors. However, use of the equation should
not seriously harm the reliability of PWV measurements
because Pearson’s cotrelation coefficient between the es-
timated length and the actual surface measurement was
higher than 0.9 (unpublished results). At the time of FMD
measurement, we did not administer nitroglycerin to the
study subjects in order to avoid adverse reactions. Accord-
ingly, we could not separate endothelium-independent di-
lation from endothelium-dependent dilation. In addition, to
collect a sufficient number of subjects with different stages
of atherosclerosis, miscellaneous subjects were included
such as healthy young volunteers and older patients with
atherosclerotic disease. Most of the subjects had atheroscle-
rosis risk factors and were taking some drugs for its treat-
ment. Because these factors influence FMD, IMT and PWV
[1-41, it is possible that the disease and/or medication may
have affected the relationship between the measurements.
Consequently, the results of the present study should be
confirmed in subjects without medication and without risk
factors. In addition, we used the presence of atherosclerotic
disease and carotid plaques as surrogate atherosclerotic out-
comes, and showed that the accumulation of inferior results
was associated with higher rates of these outcomes. This
should be confirmed by prospective studies examining the
future occurrence of cardiovascular events.

In conclusion, FMD of the brachial artery, carotid IMT,
and brachial-ankle and heart-carotid PWV were related to
each other. Combination of the three methods was useful
in predicting the burden of atherosclerosis, and is thus of
clinical relevance.
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Reduced Endothelial Vasomotor Function and Enhanced
Neointimal Formation after Vascular Injury in a Rat
Model of Blood Pressure Lability

Masato ETO, Kenji TOBA, Masahiro AKISHITA, Koichi KOZAKI, Tokumitsu WATANABE,
Seungbum KIM, Masayoshi HASHIMOTO, Noriko SUDOH, Masao YOSHIZUMI,
and Yasuyoshi OUCHI

Increased short-term blood pressure variability is known to be associated with hypertensive target organ
damage. Sinoaortic denervation (SAD) induces a marked increase in blood pressure lability without affecting
the average bliood pressure level. The aim of this study was to investigate the effects of blood pressure labil-
ity on endothelial vasomotor function and neointimal formation after balloon injury in SAD rats. Direct long-
term measurement of mean arterial pressure showed no significant difference in the average of mean arteri-
al pressure between the SAD group and sham-operated control group. in contrast, the standard deviation of
mean arterial pressure, as an index of biood pressure lability, was 3-fold greater In SAD rats. To study en-
dothelial function, isometric tension of aortic rings was measured 4 weeks after SAD or sham operation. En-
dothelium-dependent vasorelaxation induced by acetylcholine was significantly reduced in the SAD group
(20% reduction at maximum relaxation). Endothelium-independent vasorelaxation induced by sodium nitro-
prusside was similar in each group. Acetylcholine-induced NO release from aottic rings was significantly re-
duced in the SAD group. Next, we examined neointimal formation in carotid arteries in SAD and sham-oper-
ated rats at 2 weeks after balioon injury. The neointimal-to-medial area ratio in the SAD group was 50% high-
er than that in the sham-operated group. The percentage of proliferating cell nuclear antigen-positive cells in
the intima was significantly higher in the SAD group. These findings suggest that increased blood pressure
lability, independently of average blood pressure level, impairs endothelial function by inhibiting NO pro-
duction, enhances neointimal formation after balloon injury, and may thereby contribute to atherogenesis.
(Hypertens Res 2003; 26: 991~998)

Key Words: blood pressure lability, sinoaortic denervation, endothelial vasomotor function, neointimal for-
mation, growth factor )

lower blood pressure but also to prevent cardiovascular
events. In recent years, 24-h ambulatory blood pressure

Introduction . 4 T -
monitoring has become extensively used in clinical practice,
It has been well established that hypertension is one of the and lines of evidence supporting its clinical value to predict
most important risk factors for cardiovascular disease (I). hypertensive target organ damage and cardiovascular events
The goal of treatment of hypertensive patients is not only to have accumulated (2, 3). It has been reported that the aver-
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age 24-h blood pressure level is significantly associated with
cardiovascular damage, whereas the office- blood pressure
level is not (2). It has also been reported that an absence of
nocturnal blood pressure fall (non-dipper phenomenon) is as-
sociated with cerebrovascular damage (4), whereas blood
pressure lability, which is defined as increased short-term
blood pressure variability and is a feature of hypertension in
the elderly (5, 6), has been reported to be associated with hy-
pertensive target organ damage (7, 8). However, the causal
relationship between blood pressure lability and hyperten-
sive organ damage remains unknown. To clarify this point,
the direct effects of blood pressure lability on the vascular
wall independent of the average blood pressure level should
be investigated.

For this purpose, we selected sinoaortic-denervated rats as
an animal model of blood pressure lability. The arterial
baroreflex plays a pivotal role in the neural regulation of
blood pressure. The afferent fibers of this negative feedback
reflex arise from the carotid sinuses and aortic arch. Dener-
vation of the afferent fibers of the baroreflex (sinoaortic de-
nervation; SAD) was originally reported to induce neurogenic
hypertension in rats (9). However, several studies using
long-term continuous blood pressure measurement in the
conscious state have shown that SAD does not affect the av-
erage blood pressure level and induces a marked increase in
blood pressure variability (10, 11).

The aim of this study was thus to elucidate the effects of
blood pressure lability on vascular function and remodeling
in SAD rats, In the first experiment, we examined the iso-
metric tension of isolated aortic rings to investigate endothe-
lial vasomotor function. In the second experiment, the de-
gree of neointimal formation after balloon injury of the
carotid artery was analyzed.

Methods

SAD Procedure

Ten-week-old male Wistar rats (Japah Clea, Tokyo, Japan)
were used in this study. They were kept individually in stain-
less steel cages in a room where lighting was controlled (12
h on, 12 h off) and room temperature was maintained at
around 22°C. They were given a standard diet and water ad
libitum. The experimental protocols were approved by the
Animal Research Committee of the University of Tokyo.
SAD was performed according to the method,of Krieger
with slight modification (9). Briefly, rats were anesthetized
with a single intraperitoneal injection of pentobarbital
(50mg/kg). A midline neck incision was made and the ster-
nocleidomastoid muscle was retracted laterally. The cervical
sympathetic trunks, the superior laryngeal nerves and the
aortic depressor nerves were bilaterally isolated and resect-
ed. The carotid sinuses were stripped of all connective tissue
and treated with 10% phenol. After this procedure was com-
pleted, the incision was sutured. Sham-operated rats under-

went the same procedure except that afferent fibers of the
baroreflex were not denervated.

Continuous Mean Arterial Pressure (MAP) Recording

The femoral artery and vein were catheterized with polyeth-
ylene tubes (PE-50 and PE-20, respectively; Becton Dickin-
son, Parsippany, USA). To confirm denervation, baroreflex
sensitivity was evaluated after intravenous bolus injection of
phenylephrine hydrochloride (6 mg/kg). MAP and heart rate
were recorded continuously via the arterial catheter in the
conscious state over a 3-h period (2 to 5 PM). Continuous
recording was performed from 1 to 3 days and again at 4
weeks after SAD operation. Data were sampled every 20 s
with an analog-to-digital converter and stored on a Macin-
tosh computer. The average value and standard deviation of
MAP were calculated. The standard deviation of MAP was
used as an index of blood pressure lability.

Vascular Reactivity of Aortic Rings

Four weeks after SAD or sham operation, the vasoreactivity
of isolated aortic rings was evaluated as described previously
(12, 13) with slight modification (Fig. 1A). The rats were
killed with a lethal dose of anesthetic, and the thoracic aorta
was removed. The aorta was dissected free of adherent fat
and connective tissue and cut into rings (3mm in length).
The aortic ring was placed horizontally between L-shaped
stainless wires in an organ bath chamber filled with oxy-
genated (95% Oz, 5% CO:2) balanced salt solution (37°C,
pH7.4) of the following composition: NaCl 112 mmol/1, KCI
4.7mmol/l, CaClz 0.9 mmoVI, MgClz 1.2 mmol/l, NaHCO:s
25mmol/l, KHPOs 1.2mmol/l, glucose 11mmol/l, and
EDTA 0.026 mmol/l. The aortic ring was connected to a

force transducer for isometric tension recording. After a

60-min equilibration period, the ring was gradually stretched
to an optimal resting tension of 2g. Then the ring was con-
tracted by addition of KCI (60 mmol/l) and washed with fresh
balanced salt solution. The aortic ring was allowed to
equilibrate for 30 min before the experiment. '

To test the vasorelaxing reactivity, the aortic ring was pre-
contracted with norepinephrine (100nmol/l) and then re-
laxed by cumulative addition of an endothelium-dependent
vasodilator, acetylcholine (1nmol/l to 10 ymol/l), or an en-
dothelium-independent vasodilator, sodium nitroprusside
(Inmol/l to 10 ymol/l). Relaxation was expressed as a per-
centage of the tension induced by norepinephrine.

NO Production by Aortic Rings

Four weeks after SAD or sham operation, the isolated aortic
ring was opened longitudinally and incubated in 1ml bal-
anced salt solution containing acetylcholine (1 fmol/l) and L-
arginine (100 umol/l) at 37°C. After 20 or 60 min of incuba-
tion, a sample of the solution was collected to analyze ni-
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trite/nitrate concentration as a measure of NO release. After
incubation, the wet weight of the aortic ring was measured.
Nitrite/nitrate concentration in the solution was determined
using an automatic analyzer that employs automated flow in-
jection analysis (TCI-NOXS5000S; Tokyo Kasei Kogyo,
Tokyo, Japan) as described previously (/4). Briefly, the sam-
ple (0.1ml) was diluted with 0.4ml distilled water, and
0.3 ml 0.3 eq/l NaOH was added. After incubation for 5 min
at room temperature, 0.3 ml 5% (w/v) ZnSQOs was added, and
the sample was incubated for an additional 5 min. The mix-
ture was centrifuged at 2,800 X g for 10 min and the super-
natant was applied to the analyzer. The nitrite reacted with
Griess reagent to form a purple azo compound. The ab-
sorbance at 540 nm was measured. The nitrate concentration
was determined by means of reduction to nitrite through a
copperized cadmium reduction column,

Balloon Injury in the Carotid Artery

In a separate experiment, balloon injury of the carotid artery
and SAD (or sham operation) were performed simultaneous-
ly in order to investigate the effects of blood pressure lability
on neointimal formation (Fig. 1B). Balloon injury was per-
formed as described previously (15). Briefly, a 2 French
Fogarty arterial embolectomy balloon catheter (Baxter, Irvine,
USA) was inserted into the left common carotid artery
through the left external carotid artery and advanced to the
aortic arch. The balloon was inflated with saline and gradually
withdrawn to the carotid bifurcation. This procedure was
repeated three times, and then the balloon catheter was
removed and the left external carotid artery was ligated.

The rats were killed with a lethal dose of anesthetic 14
days after balloon injury. The carotid artery was perfused
and fixed with 4% paraformaldehyde at 100 mmHg and then
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removed for histological examination.

Morphometric Assay

Morphometric assay was performed as described previously
(16). The middle third of the fixed carotid artery was embed-
ded in paraffin, and multiple 5-um cross sections were
stained with hematoxylin and eosin or elastica van Gieson.
After the section was photographed, the image was scanned
and analyzed using NTH Image software. Then, the area of
the neointima and of the media and the neointimal-to-medial
area ratio were calculated. Three portions of each sample
were analyzed, and the mean values were subjected to statis-
tical analysis.

In Vivo Cell Proliferation Assay

Immunchistochemical staining of sections was carried out by
the streptavidin-biotin-peroxidase method as described pre-
viously (I7). We used anti-proliferating cell nuclear antigen
(PCNA) antibody (PCI10, 10 ug/ml; Boehringer Mannheim
Biochemica, Mannheim, Germany) and normal mouse IgG
(10 ug/ml) as the primary antibody. Specifically bound anti-
body was visualized by immersing the section in a substrate
solution of 3,3-diaminobenzine (Vector Laboratories,
Burlingame, USA). The number of positively stained nuclei
within the neointima was counted, and the ratio of the num-

ber of positive cells to the total number of cells, expressed as

a percentage, was calculated as an index of proliferation.
Three vision fields of each sample were analyzed, and the
mean values were subjected to statistical analysis.

Data Analysis

All values were expressed as the mean=SEM. In the vascu-
lar reactivity experiment, the concentration of substance (ex-
pressed as —log mol/l) evoking 50% relaxation (pD2) and
the maximum relaxation response (expressed as a percentage
of precontraction response) were calculated. Unpaired
Student’s t-test was used for statistical analysis of dif-
ferences between the two groups. Values of p<<0.05 were
considered to indicate statistical significance.

Results

Baroreflex sensitivity was assessed 3 days after SAD in
terms of the reflex reduction in heart rate occurring in re-
sponse to phenylephrine-induced increase in MAP level.
When expressed as the ratio of heart rate decrease to MAP
increase, the reflex response in SAD rats (n= 10) was signif-
icantly diminished compared with that in sham-operated rats
(n="6) (—1.09£0.23 vs. —4.431£0.96 bpm/mmHg, respec-
tively, p<0.01).

The typical heart rate and MAP recordings of a SAD rat
and a sham-operated rat on day 3 are shown in Fig. 2. A



