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nonmortality outcomes averaged over multiple domains (ie, physical,
social, and psychological functioning and well-being). Consideration of
QOL is essential for the selection of a treatment option, particularly
when conditions are noncurative and chronic.”® Therefore, it is not
surprising that physicians who regularly see older patients with
multiple chronic conditions consider QOL the most important health
care outcome. On the other hand, the term QOL may not be familiar to
many health care recipients, and we cannot exclude the possibility that
QOL might be confused with other terms, such as standard of living.

Most health care recipients ranked effective treatment of diseases
as the most important, suggesting that patients are concerned about
their own particular symptoms rather than nonspecific QOL, arguing
for efforts to examine the symptoms most concerning to patients. The
high importance of effective treatment of diseases ascribed by health
care recipients, but not physicians, also implies the significance of the
often-neglected aspect of inappropriate prescribing in older adults:
underuse of medication likely to be beneficial to older adults.
Increased evidence has suggested that failure to prescribe indicated,
beneficial medication is common in older adults,”®'® and recent
attemnpts to provide an explicit list of appropriate, indicated medi-
cation for older adults are justified.!?

Interestingly, views on patient satisfaction were also different. All
physician groups ranked patient satisfaction as the second top priority,
whereas health care recipients considered this to be less important.
This tendency has been demonstrated in a prior small study in England
more than 15 years ago.!” Recently, patient satisfaction has been
increasingly used to measure health care qualities and compare health
plans or physicians.” However, our finding may argue against the
value of patient satisfaction as a performance measure in geriatric
medicine, especially in light of recent evidence suggesting that higher
patient satisfaction is accomplished at the sacrifice of increased use of
health care resources and may not be directly associated with technical
quality of care or improved outcome.!®

We observed agreement on several items between health care
providers and recipients. The importance of physical and mental
function, such as maintaining activity or improving physical function,
was expressed by both health care providers and recipients. This
finding was consistent with prior studies in older adults with multiple
chronic conditions>!® or terminal conditions,?>?! suggesting that
physical and mental function should be an essential factor to consider
as a health care outcome in various care settings for older patients.

Reduction in mortality was given the lowest priority by all the
groups in health care providers and recipients alike. This view is
similar to that observed in previous studies.!?!® This finding supports
the contention that treatment interventions should be assessed in
terms of reduced morbidity and improved QOL in addition to reduced
mortality.

In this survey, respondents’ characteristics, except age, had limited
influence on their views on health outcome prioritization within each
group. Geriatricians older than 60 years and community-dwelling
adults older than 75 years gave higher priority to effective treat-
ment of diseases compared with their younger counterparts. This
suggests that health outcome priorities may not be stable, and can
change as respondents age or differ from generation to generation.
The cross-sectional design of our survey prevented us from sepa-
rating the age effect from the secular trend, and further studies will
be required to examine the time- or setting-dependent variability of
health outcome prioritization.

This study has several limitations. First, although the average
response rate was high for a postal survey, it was lower in physician
groups than in health care recipient groups (26% to 48% vs 44% to 61%,
Table 1). Thus, selection bias cannot be excluded. Second, it was not
sure that health care recipients, particularly adult day care partici-
pants, correctly understood the study terminology. Third, some of the

items used in the survey were not mutually exclusive. Nevertheless,
a similar trend in priorities of outcome measures according to either
side of health care providers or recipients suggests that the overall
results were not significantly affected by these limitations.

Conclusion

We demonstrated that there was significant agreement and
disagreement of health outcome prioritization between health care
providers and recipients in geriatric medicine. Health care providers
and recipients agreed on high priority for function and low priority
for reduction in mortality, but there was obvious disagreement in
how they perceived QOL, treatment effect, and patient satisfaction as
goals of care. Such disagreement necessitates better communication
between providers and recipients to reach goals of care that are
mutually understandable and tailored to meet patients’ specific
needs. The low importance of reduction in mortality and patient
satisfaction ascribed by health care recipients may question the value
of these outcomes as a way to assess treatment interventions and
quality of care. We propose that the priorities of health care outcomes
and their differences between providers and recipients demonstrated
in this study should be taken into account in the health care of older
patients and the design of health care policies and research.
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5 1 Risk factors for falls (measured on admission) in newly admitted residents of 59 Maryland Nursing

Homes, 1992~1995 (n=2,015)
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Methods:A fixed-effects meta-analysis

Results: twenty-seven studies met the inclusion criteria.

Conclusion: the method used to define cognitive impairment and the type of fall outcome are
both important when quantifying risk. There is strong evidence global measures of cognition
are associated with serious fall-related injury, though there is no consensus on threshold
values. Executive function was also associated with increased risk, which supports its inclu-

sion in fall risk assessment especizally when global measures are within normal limits.

study
Nevitt et al 1991

OR and 95% CI
1.70(0.80, 3.50)

Tinetti et al 1995 2.20(1.50, 3.20)

Bergland et al 2004 2.40(1.10, 5.40)

Summary Value 2.13(1.56, 2.80)

Heterogeneity: Q=0.46, di=2(p=0.796); 2=0.0%

1 2 3 4 5 6
Increased risk of falling
Odds Ratio

B 1 Forest plot for risk of serious fall-related injuries among community-dwelling older
adults using the Mini-Mental State Examination (dichotomised at a score <26) (X
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Background: Intima-media thickness (IMT) of the carotid artery, flow-mediated dilation (FMD) of the
brachial artery, and pulse wave velocity of the central artery (PWV) have been widely used to evaluate
progression of atherosclerosis. Our previous work has revealed that IMT, FMD and PWV are related to
each other, and the combination of these measurements was useful in identifying patients with
atherosclerotic disease. The aim of the present study was to investigate whether combination of these
measurements would predict future cardiovascular events better than each test alone.
Methods and results: From November 2000 to March 2008, 274 consecutive elderly subjects (men/women;
114/160, mean age; 71 + 12 years) were enrolled in this study. We measured IMT, FMD, and PWV in all of
these subjects and followed them for a mean of 41 + 28 months. During the follow-up period, vascular
events occurred in 42 patients (15.3%). IMT (hazard ratio = 1.28 [95%CI, 1.09—1.50], p = 0.002 per 0.1 mm
increase in mean IMT) and brachial-ankle (ba) PWV (hazard ratio = 1.06 [95%Cl, 1.01—1.10}, p = 0.015 per
1 m/s increase in baPWV) were independent predictors of future vascular events by Cox proportional
hazard analysis, although FMD did not reach statistical significance (hazard ratio = 0.85 [95%(], 0.72—1.01],
p = 0.062 per 1% increase in #FMD). Importantly, the number of tests showing results in the worst tertile
was a more powerful predictor (hazard ratio = 2.21 [95%Cl, 1.42—3.43], p = 0.0004 for number of tests
~ showing worst tertile) of future vascular events than either IMT, baPWV, or FMD alone. When both IMTand
baPWV (with respective cut-off values of 0.98 mm and 19.1 m/s) were taken into consideration, the efficacy
increased as compared with each test alone (odds ratio 4.9).
Conclusion: These results indicate that IMT and baPWV, especially when combined, are useful in pre-
dicting future vascular events in elderly subjects.

Keywords:
Intima-media thickness
Flow-mediated dilation
Pulse wave velocity
Vascular event

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction tests assess different aspects of atherosclerosis; carotid IMT reflects

structural changes in the artery wall [13], PWV reflects central

Recently, noninvasive tests of atherosclerosis have been clini-
cally available, such as common carotid intima-media thickness
(IMT), flow-mediated dilation (FMD) of the brachial artery, pulse
wave velocity (PWV), beta stiffness index, and systemic arterial
stiffness [1]. Several epidemiologic studies have shown that IMT,
PWYV, and FMD are important, independent determinants of car-
diovascular risk in patients with cardiovascular disease [2—5], or
diabetes mellitus [6,7] and healthy adults [1,8—12]. These three

* Corresponding author. Tel.: +81 422 47 5511; fax: +81 422 44 1917.
E-mail addresses: kozaki-tky@umin.org, kozaki-tky@umin.ac,jp (K. Kozaki).

0021-9150/$ — see front matter © 2013 Elsevier Ireland Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.atherosclerosis.2013.09.028

arterial stiffness, and FMD reflects endothelial function. While the
majority of previous studies utilized a single method to evaluate
atherosclerosis, several recent studies showed that combination of
two measurements may strengthen the predictive power for future
cardiovascular events [14,15].

Consistent with these studies, our previous article showed thata
combination of IMT, FMD and PWV was able to predict more reli-
ably the prevalence of atherosclerotic disease in an elderly popu-
lation than did each test alone [16]. However, it is not clear whether
the combination of these three tests is more reliable in predicting
future vascular events than is each single test. Thus, the purpose of
the present study was to prove the hypothesis that the combination
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of the three different methods to evaluate atherosclerosis would
strengthen the predictive power over each test alone. For this
purpose, we followed vascular events in patients in whom IMT,
FMD and PWV were measured in advance.

2. Methods
2.1. Subject background

From November 2000 to March 2008, 274 consecutive subjects
from outpatients of the Department of Geriatric Medicine, Kyorin
University Hospital (Tokyo, Japan) were enrolled in this study
(Table 1). Three non-invasive atherosclerosis tests (IMT, FMD and
PWV) were performed in these subjects for the study purpose. All
participants gave written informed consent to the study, which was
approved by our institutional ethics committee. The study was
performed in compliance with the Helsinki declaration. We

Table 1
Clinical characteristics of study subjects.

Vascular event

With (n = 42) Without (n = 232) p

Sex (male/female) 24/18 90/142 0.026
Age, yfo 74+ 12 7112 0.087
Body mass index (kg/m?) 23+4 23+3 0.208
Number of risk factors 1.8+ 1.1 1.6+10 0.281
Hypertension, n (%) 31(74) 126 (54) 0.019
Hyperlipidemia, n (%) 14 (33) 115 (50) 0.052
Diabetes mellitus, n (%) 12 (29) 57 (25) 0.582
Chronic pulmonary disease, n (%) 0 (0) 2(0.9) 0.546
Kidney disease, n (%) 1(2.4) 8 (3.4) 0.721
Chronic systemic 0(0) 2(0.9) 0.546
inflammatory disease, n (%)
Smokers, n (%)
Never 22 (52) 139 (60) 0.364
Past 17 (41) 69 (30) -
Current 3(7) 24 (10) -
History of stroke, n (%) .
Cerebral infarction 7(17) 14 (6) 0.295
Brain hemorrhage 0(0) 3(1) -
Cerebral thrombosis 1(2) 1(0) -
Cerebral infarction & hemorrhage 0 (0) 2(9) -
Multiple cerebral infarction 0(0) 73) -
Transient ischemic attack 1(2) 0(0) -
+ Unknown 2(5) 6(3) -
History of IHD, n (%)
Angina pectoris 3(7) 7(3) 0.560
Myocardial infarction 0(0) 4(2) -
Unknown 0(0) 3(1) -
Atherosclerosis measurements
Mean IMT, mm 1.06 £ 0.21 0.94 £ 0.19 0.000
FMD, % 2.01+1.71 2.83+242 0.045
baPWV, m/s 225+ 6.6 19.7 £ 6.5 0.018
Medication
ACEI/ARB, 71 (%) 13 (33) 54 (24) 0210
Ca blocker, n (%) 14 (35) 58 (16) 0.185
B-Blocker, n (%) 3(8) 10 (4) 0.383
Statin, n (%) 5(12) 38 (17) 0.426
Anti-platelet agent, n (%) 15 (38) 42 (19) 0.009

Data are expressed as mean =+ SD. FMD, flow-mediated dilation of right brachial
artery; IMT, intima-media thickness of common carotid artery; baPWV, brachial-
ankle puise wave velocity, IHD, ischemic heart disease; ACEI, angiotensin convert-
ing enzyme inhibitor; ARB, angiotensin II receptor blocker; Smoker Never, no
smoking history; Smoker Past, previously smoked and quit; Smoker Current,
currently regularly smoking.

Student’s t test for continuous variables and y? test for categorical variables.

included all subjects who agreed to participate in the study, and in
whom IMT, FMD and PWV were available.

Diabetes mellitus was defined as fasting glucose of 126 mg/dL or
higher, or the use of hypoglycemic medication. Resting blood
pressure was measured three times in the seated position, and the
average of the second and third readings was recorded. Hyper-
tension was defined as systolic blood pressure >140 mmHg, dia-
stolic blood pressure >90 mmHg, or use of medication prescribed
for hypertension. Body mass index was calculated as weight (kg)/
height? (m?). Total and high-density lipoprotein (HDL) cholesterol
were measured in blood samples obtained after a 12-h fast. Low-
density lipoprotein (LDL) cholesterol was estimated by the Friede-
wald equation. Framingham risk score was determined from age,
sex, smoking, blood pressures, diabetes, total cholesterol and HDL
cholesterol based on the report by Wilson et al. [11].

2.2. Participant follow-up and CV events

The occurrence of vascular events was investigated by inquiry to
the attending doctor (n = 234), examining the patient’s clinical
record (n = 9), or inquiry to the patient and/or the family by either
telephone (n = 13) or mail (n = 18). The majority of cardiovascular
events (n = 243/274) was confirmed as follows: angina and
myocardial infarction were confirmed by clinical symptoms and/or
coronary arteriography; cerebral hemorrhage, subarachnoid hem-
orrhage, cerebral infarction and transient ischemic attack were
confirmed by clinical symptoms followed by computed tomogra-
phy, MRI and/or angiography; heart failure, renal failure and arte-
riosclerosis obliterans were diagnosed according to the clinical
guidelines; and aortic dissection was confirmed by contrast
computed tomography.

2.3. Measurements of atherosclerosis

Measurements of atherosclerosis were performed as previously
described [16]. All examinations were performed by the same
skilled technician throughout the study. The subject reclined on the
examination table for at least 15 min before the examination to
obtain hemodynamic stability.

2.3.1. Measurement of carotid IMT

Common carotid IMT was measured by ultrasound (Power-
Vision6000, Toshiba) with a 7.5 MHz linear-array transducer. The
images were recorded on S-VHS videotape. IMT at the far wall of the
common carotid artery was measured by B-mode scan within
10 mm proximal to the bifurcation. Four points were measured in
one scan, and mean IMT was calculated [2,16]. The typical error as a
coefficient of intra-observer variation in the measurement of IMT
was 3.7%, and changes in mean were 2.0%.

2.3.2. Measurement of FMD of brachial artery

The diameter of the artery was measured by ultrasound (Pow-
erVision6000, Toshiba) with a 7.5 MHz linear-array transducer. The
images were recorded on S-VHS videotape. The mean diameter of
the brachial artery was calculated from four cardiac cycles syn-
chronized with the R-wave peaks on ECG. After a 10 min rest in the
supine position, the right brachial artery was scanned. After
recording the resting diameter, a cuff was placed around the fore-
arm distal to the target artery and inflated to a pressure of
250 mmHg. Inflation was maintained for 5 min. Maximal vasodi-
lation was observed 45—60 s after cuff release. The change in
diameter caused by the restoration of blood flow was expressed as
the percent change relative to the initial diameter [16—18]. The
typical error as a coefficient of intra-observer variation in the
measurement of FMD was 7.4%, and changes in mean were 0.1%.
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2.3.3. Measurement of PWV

Brachial-ankle (ba) PWV was measured using an automated
device (Form PWV/ABI, OMRON-COLIN, Japan). The average mea-
surement of left and right baPWV was used for analysis. The typical
error as a coefficient of intra-observer variation in the measure-
ment of PWV was 2.0%, and changes in mean were 0.2%.

2.4. Statistical analysis

All data are expressed as mean =+ SD. Patients were classified
according to the tertiles of IMT, ¥FMD and baPWV. Event rate was
calculated using the Kaplan—Meier method, and the statistical
significance of differences was investigated by log-rank test. A Cox
proportional hazard model was used to determine the variables
independently associated with vascular events. Odds ratio was
calculated by logistic regression analysis to evaluate the association
of event occurrence and each atherosclerosis measurement, with
adjusted for age and sex as well as FRS. Receiver operating char-
acteristic curve analysis was performed to estimate the best cut-off
point in each test for predicting future vascular events. A p value
<0.05 was considered statistically significant.

3. Results
3.1. Subjects

In the 274 patients, the mean duration of follow-up was 41 + 28
months. During this time, 42 (15.3%) patients experienced vascular
events: 14 (33.3%) had angina, 13 (31.0%) stroke, 10 (23.8%) heart
failure, 6 (14.3%) renal failure, 3 (7.1%) myocardial infarction, 3
(7.1%) transient ischemic attack, 2 (4.8%) arteriosclerosis obliterans,
2 (4.8%) cerebral hemorrhage, 1 (2.4%) aortic dissection, and 1
(2.4%) subarachnoid hemorrhage.

As shown in Table 1, male sex and hypertension were more
frequent in patients with vascular events than in those without
events. In addition, patients with vascular events showed thicker

(a) mean IMT
Event-free survival

1.0 3 Py IMT<0.84mm
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: ERNRERES R LN ERN L,
0.7 1.04mms IMT

6
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mean IMT, smaller #FMD, and greater baPWV than those without
events.

3.2. Tertiles and prognostic value of each test

With regard to IMT and baPWV, Kaplan—Meier analysis showed
that patients in the worst tertile experienced a higher rate of
vascular events than those in the other two tertiles (Fig. 1a, b). A
similar trend was also found for %FMD, although not reaching
statistical significance (p = 0.052 by log-rank test, Fig. 1¢). Of note,
patients in the three worst tertiles had a markedly higher rate of
vascular events than those in the other groups (0, 1, and 2 in Fig. 1d).

In the Cox proportional hazard model, IMT, baPWV, and the
number of results in the worst tertiles were significantly associated
with vascular events. They remained significant after adjusting for
age and sex (Table 2), and FRS (Table 3). FRS alone was not a sig-
nificant predictive factor (p = 0.203, RR 0.987, 95%Cl 0.966—1.007).

3.3. Test combination model and vascular events

Receiver operating characteristic curve analysis demonstrated
that IMT of 0.98 mm (area under curve = 0.72, sensitivity = 83%,
specificity = 57%) and baPWV of 19.1 m/s (area under curve = 0.67,
sensitivity = 61%, specificity = 63%) were the best cut-off points for
predicting future vascular events.

When the subjects were subdivided into four groups according
to the cut-off values of IMT and baPWV, Kaplan—Meier curves
showed a stepwise increase in the risk of vascular events (Fig. 2a).
Patients with both IMT and baPWV above the cut-off values (group
IV) showed the highest rate of vascular events. In addition, the odds
ratio of vascular events in group IV was significantly higher than
that in group I (Fig. 2b).

4. Discussion

Consistent with the hypothesis, the combination of the three
atherosclerosis measurements (IMT, %FMD, and baPWV) was

(b) baPWV

Event-free survival

0.9 '-..,‘. = -
08" LR 16.6m/s < baPWV < 21.1m/s
0.7 [ N
0 baPWV 2 21.1m/s
p<0.01 by Log-rank test
0.5 1 : : . ; .
0 20 40 60 80 100 (months)

(d) Number of worst tertiles

] (c) %FMD

Event-free survival Event-free survival
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e %EMD 2 3.3 1.0 o 0
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H — 65 %| <3. - “eae, asaswnnman Ly

0.8 .."""""':.....-n.n.n. 0.8 i H 2 =
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Fig. 1. Kaplan—Meier curves according to tertiles of (a) IMT, (b) baPWV, (c) #FMD, and (d) number of worst tertiles in atherosclerosis tests.
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Table 2
Predictive value for future vascular events by Cox proportional hazard analysis
adjusted by age and sex.

Variable Unadjusted (n = 274) Adjusted for age and
sex (n = 274)
HR (95%CT) p HR (95%CI) p
IMT, tertile 1.836 (1.187—-2.840) 0.0064 1.606 (1.002—2.753) 0.0489
(increase of 1)
IMT, 0.1 mm 1.279 (1.093—-1.497) 0.0022 1.226 (1.034—1.454) 0.0191
baPWV, tertile 2.191 (1.365-3.516) 0.0012 1.969 (1.115-3.476) 0.0195
(increase of 1)
baPWV, 1.0 m/s  1.055 (1.010-1.101) 0.0152 1.027 (0.970—1.088) 0.3552
FMD, tertile 1.691 (1.090-2.624) 0.0190 1.631(0.925—2.342) 0.1029
(increase of 1)
FMD, 1% 0.849 (0.716—1.008) 0.0615 0.903 (0.756—1.079) 0.2608
Number of 1.930 (1.353~2.754) 0.0003 1.891 (1.229-2.912) 0.0038

worst tertiles

HR, hazard ratio; Cl, confidence interval; other abbreviations are as in Table 1.

shown to be more powerful in predicting future vascular events as
compared with each single test. This finding is consistent with our
previous study showing that the combination of these three tests
more reliably reflected the prevalence of atherosclerotic disease in
the elderly population than did each test alone [16]. Here, IMT,
baPWV, and %FMD (although less sensitively) were shown to pre-
dict future vascular events in the elderly population. This is in
agreement with previous longitudinal studies showing that IMT
was a predictor of future vascular disease [2,19], including a study
of an elderly population [8], as well as central PWV in a study of
subjects over 70 years old [4,11].

With regard to FMD, the present study did not show a significant
association with the occurrence of vascular events. Considering the
low value and small difference in FMD in the two groups with and
without vascular events, one possible explanation for the non-
significance is the floor effect. In support of this result, a signifi-
cant relationship was found between baseline FMD and future
cardiovascular events in middle-aged adults [9,10], whereas the
prognostic power declined linearly with advancing age from the
mid-40s, reaching nearly zero around 70 years of age [20].
Considering the subjects’ age in the present study, the non-
significance of FMD could be attributable to the advanced age of
the patients.

An important point of the present study is that while IMT,
baPWV, and %FMD were useful to predict future vascular events,
combination of these tests increased the predictive power (Fig. 1d).
This finding was consistent with those of our previous cross-
sectional study showing that the result of a combination of the
three tests was more strongly related to the prevalence of vascular

Table 3
Predictive value for future vascular events by Cox proportional hazard analysis
adjusted by Framingham Risk Score (FRS).

Variable Unadjusted (n = 215) Adjusted for FRS (n = 215)
HR (95%CI) p HR (95%C1) p

1.704 (1.044—-2.782) 0.0329 1.669 (1.018—2.735) 0.0422

IMT, tertile
(increase of 1)
IMT, 0.1 mm
baPWV, tertile
(increase of 1)
baPWV, 1.0 m/s
FMD, tertile
(increase of 1)
FMD, 1%
Number of
worst tertiles

1.277 (1.069-1.526) 0.0071 1.281 (1.064—1.544) 0.0090
2.675 (1.522—4.700) 0.0006 2.582 (1.445—4.614) 0.0014

1.065 (1.018—1.115) 0.0060 1.060 (1.011-1.111) 0.0166
1.785 (1.072—-2.973) 0.0260 1.669 (0.989—2.815) 0.0548

0.864 (0.716—1.043) 0.1281 0.888 (0.730—~1.080) 0.2339
2,031 (1.350—3.055) 0.0007 1.991 (1.309-3.027) 0.0013

HR, hazard ratio; CI, confidence interval; other abbreviations are as in Table 1.

disease in the elderly population than was that of each single test
[16]. Several longitudinal studies have shown efficacy of the com-
bination of two different atherosclerosis tests, such as FMD and
ankle-brachial pressure index [14], plaque score of the common
carotid artery and FMD [15], or carotid IMT and FMD [21], in pre-
dicting vascular events. The present study showed strong predic-
tive power of combining three atherosclerosis tests for future
vascular events. From our results, it is recommended that three
tests should be combined in clinical work to evaluate vascular risk.
However, when cost-effectiveness is taken into account, the com-
bination of two tests (IMT and baPWV) would be sufficiently
practical for event prediction in the elderly population because
FMD requires much more skill and time than does IMT or baPWV.
The same idea has been introduced in the recent guidelines from
the ACCF/AHA for the assessment of cardiovascular risk in asymp-
tomatic adults [22].

Increased carotid IMT has been considered as a marker of sub-
clinical atherosclerosis. Although the biological meaning of IMT
remains to be debated, it seems more likely to represent target
organ damage related to cardiovascular risk [13]. PWV is the mostly
widely used index for evaluating central arterial stiffness. FMD is a
tool that is proposed for the assessment of endothelial function and
is related to cardiovascular risk, but is not yet a commonly applied
method to assess CV risk. Our major finding that the combination of
three tests was more predictive than each test alone may be
attributable to the fact that each test reflects a different aspect of
the progression of atherosclerosis.

The best cutoff value of IMT calculated from event prediction
was 0.98 mm in the present study. This value was comparable to
previously reported values; approximately ~1.00 mm in healthy
adults in spite of populations of different ages; middle age [23—25],
over 55 yearsold [26], and 6074 years old [27]. Although the
detailed methodologies were slightly different between studies,
~1.00 mm appears to be relevant to the occurrence of vascular
events.

The cutoff value of baPWV calculated from the receiver oper-
ating characteristic curve was 19.1 m/s in the present study. This
value is slightly higher as compared with values reported previ-
ously; that for major cardiovascular events in patients with acute
coronary syndrome was 18.0 m/s [28], and that for re-
hospitalization and cardiac death in patients with heart failure
was 17.5 m/s [29]. On the other hand, the cut-off value for cardio-
vascular death in community-dwelling elderly people (LILAC study
[30]) was higher (25 m/s) than that in the present study. This dif-
ference could be explained by the susceptibility to arteriosclerosis
in different subjects depending on whether they have preexisting
cardiovascular disease and how old they are.

Because of the efficacy of the cut-off values of baPWV and IMT, we
investigated the significance of the combination of these two mea-
surements. A stepwise increase in the risk of vascular events was
evident by Kaplan—Meier analysis and calculated odds ratio. This is
important because much higher predictability can be obtained by
simple non-invasive tests. Although FMD did not reach statistical
significance, the combination of even three tests would strengthen
the predictive power. Indeed, our previous results showed higher
prevalence of atherosclerotic disease by combining three tests,
Considering the efficacy and simplicity of performance of the three
tests, combination of baPWV and IMT (with cut-off values of 19.1 m/
s and 0.98 mm, respectively) should be of value for prediction of
future occurrence of vascular events in elderly patients.

5. Limitations

One of the limitations of this study was that our approach of
three tests for atherosclerosis did not follow the most updated
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Fig. 2. (a) Kaplan—Meier curves and (b) adjusted relative risks of future vascular events according to cut-off values of baPWV and IMT. Odds ratio and p value, in parentheses, are

indicated over the bar.

methodologies, because they were not fully established when we
started this study. The most recent approaches may provide better
predictive values for PWV and IMT, and statistical significance for
FMD. Particularly, we manually held the echo probe for FMD
measurement, which may have led to low intra-observer repro-
ducibility and no statistical significance.

Second, despite the number of controls, the number of patients
was very small.

Third, we included renal failure and heart failure as vascular
events since these diseases are thought to be associated with
progression of atherosclerosis in the elderly. However, it is possible
that heart failure and renal failure may be caused by other etiol-
ogies such as collagen disease, infection, valvular disease, etc.
Therefore, we also analyzed predictive values excluding heart fail-
ure and renal failure as vascular events, and obtained similar re-
sults. Thus, the effect of bias in selecting vascular events is
considered to be small.

6. Conclusion

IMT, baPWV and, less significantly, FMD, especially when com-
bined, are useful to predict future vascular events in elderly sub-
jects. Because elderly people are at high risk for vascular disease,
performing these simple and reliable non-invasive tests will add
important clinical information.
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