blood samples to investigate the clinical implications of
postprandial hypertriglyceridemia in postmenopausal
Japanese women.

Methods

The subjects comprised 91 women who participated in
an outpatient health maintenance program for middle-
aged and elderly women implemented at our depart-
ment between November 2000 and March 2003.
Postprandial blood samples (taken after lunch) were
collected from the subjects after lunch at their initial
visit, with their fasting blood samples taken after 12 h
of fasting during the following month. Normotriglyc-
eridemia was defined as fasting TG <150 mg/dL
and the subjects were subgrouped into the following
four groups by using 225 mg/dL as the cut-off value
for postprandial hypertriglyceridemia: normotri-
glyceridemia (n=36), mild postprandial hyper-
triglyceridemia (n=27), moderate postprandial
hypertriglyceridemia (n=19) and hypertriglyceri-
demia (n=9).

Statistical analyses were performed using Microexcel
2002. The Mann-Whitney U-test was used to compare
the fasting lipid profiles of the four groups as stratified
by TG concentration. A paired t-test was used to
compare postprandial normotriglyceridemia and post-
prandial hypertriglyceridemia for lipid metabolism.
ANOVA was used to test for differences in HDL-C
between postprandial and fasting TG concentration.
For all analyses performed, a P-value of 0.01 was con-
sidered statistically significant.

Results

Baseline characteristics of subjects

The mean age of the 91 women was 54.1 + 7.8 years.
Their physical findings were as follows: height,
156.5 + 5.1 ecm; body weight, 53.8 + 7kg; and body
mass index, 21.4 * 4 kg/m*. Their duration of meno-
pause was 6 + 7.7 years.

Breakdown of results by TG concentration

The mean postprandial TG concentration was
187 + 111 mg/dL, and the mean fasting TG concentra-
tion was 108 *+ 50 mg/dL, with the mean difference
(postprandial-fasting) being 85 + 81 mg/dL. The post-
prandial TG concentration, compared with the fasting
TG concentration, increased in 78 women (86%), did
not change in one woman (1%) and decreased in 12
women (13%).

© 2008 The Authors
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Table 1 Baseline characteristics of the women including
their fasting and postprandial triglyceride (TG) con-
centrations (n=91)

n Yo Mean * 5D

Age (vears) 54178
BMI (kg/m?) 214 + 4.0

<25 83 912

=25 8 8.8
TC (mg/dL) 2269 + 34.0
LDL-C (mg/dL) 140.1 + 32,5
HDL-C (mg/dL) 62.0 +15.7
Fasting TG (mg/dL) 108.9 *+ 50.4

<150 82 90.9

=150 9 91
Postprandial TG (mg/dL) 187.0 = 1114

(Fasting TG < 150)

<150 36 40.0

=150, <225 27 300

=225 19 204

BMI, body mass index; LDL-C, low-density lipoprotein choles-
terol; HDL-C, high-density lipoprotein cholesterol.

Relationship between postprandial TG and
fasting TG concentrations (Table 1)

The TG concentration was normal (<150 mg/dL) in the
fasting state but high in the postprandial state in 46
women, who accounted for approximately 50% of
the women. True hypertriglyceridemia with a fasting
TG concentration of =150 mg/dL was seen in nine
women, comprising approximately 10% of all women.
The postprandial TG concentrations in all of these
women with hypertriglyceridemia were high
(=150 mg/dL).

Fasting serum lipid profile by TG classification

We found that HDL-C and TC were lower in those with
postprandial hypertriglyceridemia than in those with
normal TG (P < 0.01) (Table 2). Among the 46 women
with postprandial hypertriglceridemia, we found a
significant negative correlation between postprandial
TG and HDL-C (r=-0.43, P=0.0081) (Fig. 2). Fasting
TG had a negative but insignificant correlation with
HDL-C in these women.

Discussion

Hyperlipidemia is considered a risk factor for arterio-
sclerotic diseases. Examination of lipid profiles in aged
women shows that TC rapidly increases to a higher
level in these women than in men once they are over
the age of 50, which is the average age at onset of
menopause. In women, HDL-C remains uniform up to
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the age of approximately 50, and then decreases
_§ slightly from then on, while TG concentration increases
f 3 from the age of approximately 30 and peaks at the age
Zz % of approximately 60. Therefore, in postmenopausal
E.‘,} £ women, lipid metabolism declines with age and is
ipls 2 B8 3 5 characterized by an increase in TC, a decrease in HDL,
g 5 4 4 ;’ E and an increase in TG associated with a rapid decrease
=3 2] = 5 .
S S P = in the estrogen concentration.
) When the circulating estrogen concentration falls
.S i after menopause, the number of LDL receptors in the
Sl o v o= 2o liver decreases and LDL remains in the blood* It is
"El S I T Y 5 B "
<4+ H 4 £3 believed that the associated increase in TG concentra-
Vs 22 « E§ - i 7 ;
E £l § = § 4 ¥ tion decreases the size of LDL particles, which pro-
g:g motes the progression of arteriosclerosis.” In this
g8 & 28 3 En-;; regard, it is reported that hormone replacement
o VR I VI EE: therapy (HRT) not only improves lipid metabolism but
B i ki g = PY y Imp. P
RE|IR = s = Eé also exerts many anti-arteriosclerotic effects, such as
29 antioxidant and vasodilatory effects. Binding estrogen
i 55 (conjugated equine estrogen) not only produces desir-
— £g e ; B
Y =) % e £% able effects on lipid metabolism, it is also thought to
Homde o o o e induce hypertriglyceridemia * Therefore, when starting
0w =g 5 :
BlT E T 8 9 b HRT, lipid metabolism status needs to be assessed and
' 2£ patients with abnormalities need to be individually
sl g% & 8 = é g evaluated.
£ % L I | L8 TC and LDL-C are recognized as risk factors for
TIeEl® &8 =B o B ischemic heart disease.” However, based on the
c = ~ L ﬁ T
£ 5 Framingham Study," HDL-C and TG are identified as
= O e - - - 2 % more important risk factors for ischemic heart disease
% B+ # + 4 wE in postmenopausal women. In recent years, the concept
== & 2 = = ,3 ég of the metabolic syndrome as a high-risk pathology
o . w -
=) = pet = that causes arteriosclerotic diseases has also been put
3 o o gy g = forward, and diagnostic criteria for this syndrome have
g R - g been established."” The diagnostic criteria for the meta-
% . % bR BT bolic syndrome are the accumulation of visceral fat and
El<o|® 8 % X ; g the presence of at least two of the following factors:
B ot abnormal lipid metabolism, hypertension and abnor-
8. g Qe mal glucose metabolism. Abnormal lipid metabolism is
z « 2 w & defined as TG concentrations =150 mg/dL or HDL-C
B 2 3 g B
5 E g £ concentrations <40 mg/dL.” Hypertriglyceridemia
£ TR 838 and a low blood HDL-C concentration are therefore
© _Eé. E 23 specified in the diagnostic criteria together.'*! Patients
g ® R T, with type 2 diabetes mellitus who have postprandial
= E = oY P P
g = g2 hypertriglyceridemia are reported to have a significant
B =R g =0 . ;
e 2 £ 2 s 24 thickening of the vascular walls.® This abnormal con-
B 2 g E _% = iz dition suggests that there is also a correlation between
o i 'Q B E= abnormal lipid metabolism, including hypertriglyceri-
g - g 2z . : : ;
7 & E §_ = - 8 demia, and abnormal glucose metabolism (insulin
P ETINES -E’ N resistance), which are included in the diagnostic crite-
o | & E 1 .3' 4 .§ : é; ¥ = :§ ria for the metabolic syndrome.
Qo . . .
E S L R R P Postprandial TG concentration is markedly affected
by food intake and needs to be viewed as a factor
1034 @© 2008 The Authors
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that varies considerably with diet" Even in adults
without ischemic heart disease risks, it is believed that
an association exists between chronic hypertriglyceri-
demia and increases in plasma concentrations of bio-
chemical markers of inflammation and endothelial
activation’ Postprandial TG concentration is higher in
women with ischemic heart disease,"” indicating that
postprandial hypertriglyceridemia is an important risk
factor for arteriosclerosis and ischemic heart disease. A
study showed that postprandial (non-fasting) TG con-
centration is an independent predictor of ischemic

fasting TG
tmg/diL)
350

. B L T ]
nsomnnn?an?so:numnmuowosmmm

postprandsal TG (mg/dL}

Figure 1 Relationship between postprandial trigly-
cerides (TG) and fasting TG concentrations. H,
hypertriglyceridemia (fasting TG = 150mg/dL); N,
normotriglyceridemia (fasting TG <150, postprandial
TG <150mg/dL); PH 1, mild postprandial hyper-
triglyceridemia (fasting TG < 150, postprandial TG =
150, <225mg/dL); PH 2, moderate postprandial
hypertriglyceridemia (fasting TG < 150, postprandial
TG = 225 mg/dL).

Postprandial hypertriglyceridemia in postmenopausal women

heart disease and is of greater clinical significance than
the fasting TG concentration® A subanalysis of the
same study also showed that the association between
TG and ischemic heart disease was not substantially
affected by TC or HDL-C concentrations, suggesting
that postprandial TG has an independent role in
ischemic heart disease risk.* This is because the TG
concentration is said to peak at 6-8 h postprandially,
and persists for much of the day.""

Postprandial (nonfasting) TG concentration is
approximately 50% higher than the fasting TG con-
centration. Therefore, we consider 225 mg/dL an
appropriate cut-off value for postprandial hypertrig-
lyceridemia in those with a normal fasting TG concen-
tration below 150 mg/dL. In our study, 46 of the 91
subjects, or approximately 50% of all subjects, had a
high postprandial TG concentration (=150 mg/dL)
despite having a normal fasting TG concentration
(Fig. 1). Through comparison of the four groups by
using a postprandial TG concentration of 225 mg/ dL
as the cut-off value, we showed a significant difference
in TC and HDL-C concentrations between the moder-
ate postprandial hypertriglyceridemia group and
the normotriglyceridemia group only. Furthermore,
HDL-C negatively correlated with the postprandial TG
concentration. Thus, postprandial TG could provide a
better understanding of lipid metabolism.

The prevalence of postprandial hypertriglyceridemia
in postmenopausal women is high. When starting HRT,
it is also important to determine how to avoid adverse
cerebrovascular effects. By changing the route of admin-
istration of estrogen preparations from oral to transder-
mal and by reducing the estrogen dose, an increase in
TG orinflammation markers can be inhibited. [thas also

(mgdL) (mg/dL)
90 r n=46 90 n =46
- - =0.

Figure 2 Correlation between 0 - 2 e 70 r : . . )
high-density lipoprotein choles- 60 F 50 ses ® 5
terol (HDL-C) and postprandial =
or fasting triglyceride (TG) con- el | 5o r v L ot
centration in women with post- 40 r 40 f : o
prandial hypertriglyceridemia. 30 30
Among the 46 women with post- 20 A . J 20 . . " s
prandial hypertriglyceridemia,
we found a significant negative o - ki oud . 30 « go 1 e
correlation between their post-
prandial TG and their HDL-C postprandial TG fasting TG
(r=-0.43, P=0.0081). (mgfdL) (mgfdL)
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been found that progestin preparations not only reduce
HDL-C but also inhibit vascular endothelial function,
while natural progestin preparations have no such
effects. Individual methods of administration therefore
need to be investigated according to the characteristics
of each HRT prescription.

In conclusion, we showed a high incidence of post-
prandial hypertriglyceridemia among postmenopausal
women, and postprandial hypertriglyceridemia nega-
tively correlated with HDL-C. Therefore, we conclude
that postprandial TG could provide a better under-
standing of lipid metabolism. Measuring this param-
eter should be of value and may be used to screen
postmenopausal women undergoing HRT so as to
reduce cerebrovascular risks.
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It was reported that low bone mineral density (BMD), osteoporotic fractures and low serum 25-
hydroxyvitamin D (25-OHVD) levels increase the risk of mortality in elderly Caucasian people. However,
there is no data available on the relationship between bone mineral density or 25-OHVD levels and mortality
in elderly Asian women. To determine whether or not low bone mineral density (BMD) or low 25-OHVD
levels contribute to increased mortality risk, we conducted a prospective observational study in 1232
ambulatory postmenopausal female volunteers. Information was obtained from the subjects on baseline
BMD, the serum levels of biochemical indices including 25-OHVD, prevalent fractures, co-morbidities and
lifestyle variables, The participants were observed for a total of 69+3.6 years (mean+SD) and a total of 107
participants (8.7%) were dead during the observation. Mortality was assessed and confirmed on the
certificates or hospital records or information from their family. In addition to traditional risks [or mortality,
such as age (Hazard ratio, 1.73, 95% Cl, 1.51-1.98, P<0.01), 25-OHVD level <50 nmol/l (HR 2.17, 1.27-3.72,
P=0.01), prevalent malignancies (HR 5.60, 3.36-9.31, P<0.01) and existing osteoporosis (HR 2.14, 1.22-3.75,
P=0.01) were found to be significant independent risk [actors for all-cause mortality by using multivariate
Cox's regression analysis. It is suggested that prevalent osteoporosis, prevalent malignancy or lower levels of
25-OHVD represent powerful risk factors for mortality.

© 2008 Elsevier Inc. All rights reserved.

Introduction

Osteoporosis as it is characterized by deteriorated bone strength
[1] is a national burden in our aging society because of its high
susceptibility to bone fractures, which could result in the impaired
quality of life of affected patients [2-4]. Fractures are also known to
associate with increased morbidity and mortality [5-9]. The increase
in mortality after femoral neck fractures has been well documented
both in the Caucasian [5,6,10-12] and the Asian populations [13]. In
addition to femoral neck fractures, vertebral fractures have been
reported to be a risk factor for mortality in the Caucasian population
|5.8.10.14]. The phenotypes of osteoporosis accounted for by factors
other than fractures, such as low bone mineral density [15.16] or bone
density and weight loss [17], were also reported to be associated with
mortality. However, the association between the osteoporotic pheno-
types and mortality has not been fully investigated in the Asian
population. Therefore, the first primary aim of the present study is to
clarify whether BMD or fractures correlated with mortality in
postmenopausal Japanese women.

* Carresponding author. Department of Obstetrics and Cynecology. Tokyo Women's
Medical University, 8-1 Kawada-cho, Shinjuku-ku, Tokyo 162-8666, Japan. Fax: +81 3
5269 7348.

F-mail address: kuroda@csp.or.ip (T. Kuroda).

8756-3282/$ - see front matter © 2008 Elsevier Inc. All rights reserved.
doi: 10.1016/j.bone.2008.03.023

The cause of excess mortality in osteoporosis is not understood
well. Co-morbidities [5] and frailty [ 18] were postulated to be causes
of high maortality in osteoporosis. However, it is unclear which type(s)
of co-morbidities present contributes to increased mortality in
osteoporosis. Thus, the secondary aim of the present study is to
investigate which of the co-morbidities present is associated with
high mortality in osteoporosis.

Recent studies indicated that the serum level of 25-hydroxyvitamin
D (25-OHVD) was associated with low BMD or fractures [19,20] and
low level of 25-OHVD was shown to be associated with falling [21,22),
which is a major cause of fractures [23] and a typical sign of frailty in
elderly people. Furthermore, it is reported that low 25-OHVD levels are
associated with a greater future risk of nursing home admission and
possibly mortality [24]. The third aim of the present study was
therefore to examine whether a low baseline serum level of 25-OHVD
was associated with mortality in postmenopausal Japanese women.

To address these issues, we conducted the prospective study in
Japanese postmenopausal women.

Methods and subjects
Subject selecrion

This study was a prospective observational study starred from 1 April 1993 in
Nagano prefecture, Japan. Study partiapants included ambulatory postmenopausal
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volunteers over 40 years old who were recruited from clinical visiting patients. The
exclusion criteria included: critical illness, bed bound, and irregular clinical visit. The
baseline examinations were conducted in the subjects after their informed consent o
this longitudinal study was obtained. The period of follow-up for each participant was
calculated as the time from inclusion in the study to the occurrence of death. lost to
follow-up, or the endpoint reached in 30 April 2007, The present study included only
those who were followed for more than one year,

Medical history taking at baseline

As the baseline examination. body weight and height were measured, an interview
was carried out on their smoking habit, alcohol drinking, and histories of ca- morbidities
including diabetes mellitus, hypertension, dyslipidemia, dementia, malignancy, and
cardio- and cerebrovascular events. When the subject indicated some co-morbdity, the
diagnosis of that co-morbidity was made as the following: dichetes mellitus, defined as a
spot level of blood glucose over 200 mg/d] or HbATc in excess of 6.5% or the subjects
receiving anti-diabetic drugs as confirmed on medical history taking |25 i hypertension,
defined as those who met the diagnestic criteria for hypertension as proposed by the
Japanese Seciety of Hypertensian, in other words, those whose systolic and diastolic
blood pressure was above 140 and S0 mmHg or those wha were given anti-
hypertension drug or diagnosed as having hypertension | 26; and dyslipidemia, defined
as those with hypercholesterolemia (2220 mg/dl} andfor hypertriglyceridemia
(2150 mg/dl in the fasting state), diagnosed as having dyslipidemia 127]. When non-
fasting spot serum samples indicated that the serum triglycerides exceeded 200 mg/dl,
or the serum total cholesterol exceeded 220 mg/dl, fasting serum samples were
obtained in order to confirm the presence or absence of dyslipidemia. The subjects were
examined in the course of interview for the presence or absence of dementia,
malignancies, or a cardio- and cerebrovascular event.

Measurements of BMD

Axial BMD (lumbar spine (LBMD)) was measured by dual-energy X-ray absorptio-
metry (DXA)using a Lunar DPX-1. or DPX-IQ (Lunar Corporation, Madison, WI, USA).The
inter-assay variance of LBMD in our laboratory was 0.5 0.5% (CV£SD) '28]. To detect
machine drift, a quality assurance test was carried out ar every measurement.

Measurements of biochemical indices

Non-fasting serum, plasma and urine samples were collected ar the time of
enrollment as baseline data. Serum samples were centrifuged and stored at =20° until
measurement. Serum 25-OHVD was measured at every 2 to 3 months interval by using
a competitive protein-binding assay after extraction and purification of the samples
using HPLC [29] at Teijin Bio Science Laboratories (Hino, Tokyo, Japan) blinded to their
subject identity. The C/V for inter-assay variance of 25-0HVD was calculated as 125+
1.2% for the range of 5-50 ng/ml of 25-0HVD (n=50). Serum 25-0HVD was classified
into four groups using the following cutoffs: 250 nmolfl for deficiency, 25.0-
498 nmol/l for insufficiency, 50.0-74.9 nmol/l for borderline, and =75 nmalfl for
normal |24]. Other routine biochemical examinations such as serum and urinary levels
of calcium and creatinine, serum levels of total protein, Al-P activiry, inorganic
phosphate, total cholesterol, creatinine, triglycerides, HbAlc and blood glucose, were
analyzed immediately. Glomerular filtration rate (GFR) was calculated from creatinine,
age and body size as a parameter of renal function. The formula for GFR was calculated
as follows [30]: GFR (ml/min/1.73 m*)=0.881x 186.3xS-Cr "™ x Age 2293 0,742,

GFR was classified into five groups on the basis of published cutoffs: <:15.0 ml/min/
1.73 m" for stage 5, 15.0-29.0 ml/min/1.73 m" for stage 4, 30.0-59.9 ml/min/1.73 m* for
stage 3.60.0-89.9 ml/min/1.73 m" for stage 2, and =80.0 ml/min/1.73 m” for stage 1 [31]

Diagnosis of osteoporosis and treatment

The diagnosis of osteoporosis was made in accordance with the diagnostic criteria
for osteoporosis (2000 version) proposed by the Japanese Society for Bone and Minera!
Research | 32| where osteoporosis is diagnosed as the presence of fragility fractures in
any bone lesion in those with BMD Jess than 80% (-1.63 SD) of the young adult mean
[YAM). Osteoporosis is also diagnosed when the LEBMD 15 less than 70% (-2.455D) of the
YAM even in those without prevalent fragility fracture. In those diagnosed as having
osteoporosis, bone resorption inhibitors (bisphosphanate or estrogen), 1-alpha-OH
vitamin D3 or vitamin K2 were administered if they desired to receive treatment. The
specific treatment given to each of these subjects was selected in accordance with her
preference with our assistance. Some of the patients with asteoporosis did not want to
receive any osteoporotic drugs for a variety of reasons and some patients showed very
low compliance to the therapeutic regimen prescribed. Therefore, the subjects were
categorized into three groups by treatment: no treatment. bisphosphonate or estrogen
and vitamin groups.

Definition of prevalenr fracture

Whether prevalent fractures of vertebral and long bone (fractures of the femoral
neck, distal end of radius, surgical neck or other sites of long bone) were associated with
mortality or not, was investigated. Vertebral fractures were diagnosed by a semi-
quantitative visual method [33|. The presence of prevalent long bone fractures was

determined during the course of interviews with the participants or on the basis of the
medical records or was confirmed on X-ray films.

Assessment of mortaliry

The death or survival of the study participants was confirmed ar their last visit in
April 2007. An attempt was made to contact those who did not show up by relephone or
letter recommending their visit to the clinic and their death or survival was confirmed
through inquiry. Those subjects who lost contact or never responded were treated as
missing cases. Those who were followed up for more than 1 year before they lost touch
were incorporated into subsequent analyses. The date of death was confirmed on the
basis of the death certificates or hospital records available. Some of the participants
were confirmed as having been dead by their family, in which cases the reported cause
of their death was thought to be inaccurare. Thus, analysis of the causes of the
participants’ death included cases in which the accurate causes were not known, We
alse had lost contact with those subjects who moved to nursing homes or to their
relative’s due to loss of their independency in daily living The follow-up of these
subjects was terminated upon confirmation that they moved.

Erhical considerations

The protocol of the present study was reviewed by the ethical commirtee of the
Research Institute and Practice for Involutional Diseases (RIPID), and detailed wnitten
informed consent was obtained from all the subjects.

Statistical analysis

In the descriptive analysis of the baseline characteristics, the numencal data are
expressed as mean+SD. The age categories were tested for baseline differences by using
ANOVA or chi-square test. Cox's proportional hazards model was used to estimate rthe
association and time dependency between the baseline indices and death as an
endpoint. Hazard ratios with 95% confidence intervals for selected variables are
reported. First. we estimated the age-adjusted hazard ratios with 95% confidence
intervals for study variables. Second, in multivariate Cox's regression analysis, we used
the backward variable selection method. The exclusion criterion was a P-value of less

Table 1
Baseline characteristics of the study participants by age category
Age category (years)
Characteristic <60 60-69 z70 P
Participants (n, %) 443, 36.0 372,302 4717, 338
BMI (%)
<185 kg/m2 =X a2 1
18.5-25 kgfm2 274 218 235 <0.01
225.0 kg/m2 6.3 6.3 53
25-0HVD (%}
<25 nmol/l 05 09 12
25-49.9 nmol/l 162 125 57 025
50.0-74.9 nmol/ 15.7 165 139
275.0 nmol/l 25 25 19
GFR (%)
15-29.9 ml/min{1.73 m’ 01 01 03
30.0-59.9 mlfmin/1.73 m* 83 104 1ny
60.0-89.9 mijmin/1.73 m® 127 12 147 <0.01
290.0 ml/min/1.73 m* 9.7 86 73
Smoking (yes%) 1.0 03 0.2 om
Alcohol drinking (yes¥) 32 13 038 <0.01
Co-morbidities (%)
Diabetes mellitus 11 1.7 23 0.04
Hypertension 85 15 L2 =001
Hyperlipidemia 147 125 101 <0.01
Dementia 0.0 04 44 =0.01
Malignancy 20 21 35 <00
Cardiovascular events 11 27 78 <001
BMD category (%)
Narmal 205 84 65
Osteopenia 8.1 Y I 57 <0
Osteoporosis 74 140 217
Prevalent fracture (%)
Vertebrae 08 58 1338 <0.01
Long bone 10 11 28 0.0
Therapy pattern (X)
No treatment 240 168 171
Bisphosphonate or estrogen 9.7 85 73 <0.0
Vitamin 20 5.0 96

BMI; body mass index, 25-0OHVD; 25-hydroxyvitamin D, GFR; Glomerular filtration rare,
BMD; bone mineral densiry.
P-value was tested by using ANOVA or chi-square.
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Table 2

Age-adjusted hazard ratios for death by baseline paramerer, Cox's hazard model

Item Hazard ratio 953 Cl P
BMI (+1 kg/m"} 095 039 101 010
25-0HVD (< 50 nmol/l/z50 nmol/I} 154 122 197 <001
GFR (+1 stage) 120 093 157 016
Smoking (yes/na) 751 122 2467 003
Alcohol drinking (ves/no) 292 102 6.54 0.04
Diabetes mellitus (ves/no) 131 088 220 021
Hypertension (yes/no)} 124 101 152 0.04
Hyperhipidemia (yes/no) 113 050 144 029
Dementia [yes/no) 179 109 287 0.02
Malignancy (ves/no) 476 292 750 <001
Cardovascular event (yes/no) 213 140 321 <001
Prevalent fracture (yes/no) 179 120 266 <001
Therapy pattern (BP+ES+V/no) 127 086 1.86 023
Therapy pattern (BP+ES/V +no) 0.68 0.36 120 019
BMD category (osteopenia/normal) 0.62 026 1.36 023
BMD category (osteoporesisjostenpenia)  3.09 162 665 <001

Cl: Confidence interval, BMI; body mass index, 25-OHVD; 25-hydroxyvitamin D, GFR:.
Glomerular filtration rate, BP; bisphosphonate, ES; estrogen, V; vitamin, BMD; bone
mineral density.

than 02 and the missing values for 25-OHVD were imputed by using multiple
imputation methed | 34]. Finally, Kaplan-Meier plots were shown by prognostic factors,
with log-rank test. All the P-values presented are taken from the two-side test and were
considered to be significant when they were less than 0.05. All the analyses were
performed using the SAS software, Version 9.1 (SAS Institute Inc. Carly, NC, USA).

Results

In the 1232 women enrolled in this study, the mean and SD range of
observational period was 6.9+3.6 years with the longest observation
time being 14.0 years. Table 1 lists the baseline characteristics of the
subjects, The mean and SD range for age of the participants at baseline
was 63.9+10.5 years old (mean+5D). Vitamin D insufficiency and
deficiency as evaluated by the baseline 25-OHVD level was found in 331
(44.3%) and 20 (2.7%) of the participants, respectively. Twenty subjects
showed 25-OHVD levels suggestive of vitamin D deficiency with none
showing obvious clinical signs and symptoms of osteomalacia. In
contrast to the data reported for the Caucasian population, the subjects
with smoking or alcohol habit were markedly fewer. A total of 531
(43.1%) subjects were diagnosed as having osteoporosis at baseline and
the prevalence of osteoporosis in these subjects correlated with the
advancing years as well as the presence of prevalent fracture. Prevalent
vertebral or long bone fractures were observed in 294 (23.9%) subjects.
A total of 107 subjects (8.7%) were dead during the observation that
lasted until the end of April 2007. The median period of observation to
their death was 5.3 years. The death rate was 12.6 deaths/1000 person-
year. Survival was confirmed in a total of 790 (64.1%) who were
censored on their last clinic visit. The remaining 335 participants
(27.2%) were lost to follow-up through regular clinical visits during the
observation period. Of the 335 participants lost to follow-up, 122 (9.9%)
subjects were found to be bedridden or to have been admitted to
nursing homes, with the remaining 213 (17.3%) lost to follow-up for

Table 3

Multivariate Cox's regression analyses of prognostic factors for death

Item. Hazard ratio 95% ¢l P
Age (+5 year) 173 151 198 <001
25-0HVD (<50 nmol/lj250 nmai/l} 277 127 72 o001
Smoking {yes/no} 429 0.81 22.30 009
Drinking {yes/no} 216 0.73 638 0.16
Cardiovascular event (yes/no) 148 093 236 005
Dementia (yes/no} 1.54 0.89 266 012
Malignancy {yes/no) 560 3.36 931 <0.01
BMD caregory (osteppenia/normal) 0.72 0.32 165 044
BMD category (osteoporosis/normal) 214 122 375 om

Cl: Confidence interval, 25-OHVD; 25-hydroxyvitamin D, BMD; bone mineral density.
Backward variable selection method with criterion P<0.2 is used to reduce model.
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Fig. 1. Kaplan-Meier plots of survival by serum 25-hydroxyvitamin D level. 25-0HVD
<50 nmol/l denotes deficiency and insufficiency: and 250 nmolfl, normal and
borderline. There 1s a significant difference between the 25-OHVD categories (log-
rank tesr; P~ 0.01).

unknown reasons. There was no difference in the rate of subjects lost to
follow-up between those with osteoporosis and without (P=0.56). The
causes of the subjects’ death were vascular event (30 cases, 28.0%),
cancer (23 cases, 21.5%), senile decay (23 cases, 21.5%), other (11 cases,
10.3%) and unknown (20 cases, 18.7%). Of the 30 subjects who died due
to vascular events, 22 subjects (73.3%) had previous histories of cardio-
or cerebrovascular events at baseline, and of the 23 who died of cancer,
16 (69.6%) had a history of malignancy, indicating that the remaining 8
and 7 deaths, respectively, due to vascular events and cancer, were
incidental events during the observation. The subjects in the osteo-
porosis group showed a lower baseline prevalence of diabetes mellitus
(3.2 versus 6.6%; P<0.01) and dyslipidemia (29.6 versus 43.3%; P<0.01)
than those in the non-osteoporosis group. The baseline prevalence of
hypertension (42.3 versus 40.4%) and cardio- or cerebrovascular events
(12.9versus 10.4%) in the osteoporosis group or non-osteoporosis group
was not statistically significantly different (P>0.05). The baseline
prevalence of and dementia was significantly higher in the osteoporosis
group than those in the non-osteoporosis group (7.2 versus 2.9%:
P<0.01). Meanwhile, there were no significant differences between
osteaporosis and non-osteoporosis groups in baseline prevalence of
malignancies (7.8 versus 7.6%; P>0.05). There was no difference in
serum 25-OHVD levels between the subjects with a history of co-
morbidities or those without and in the osteoporosis group or non-
osteoporosis group (P=0.05). Cox's regression analysis was performed
to evaluate the relationship between death and each of the baseline
parameters with adjustment for age. 25-OHVD, presences of cardio-
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Fig. 2. Kaplan-Meier plots of survival by the presence or absence of malignancy. The
prevalence of malignancy in baseline is assocated with a significantly lower survival
rate (log-rank test; P<0.01).
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Fig. 3. Kaplan-Meier plots of survival by BMD category. Osteoporosis is diagnosed in
accordance with the criteria of the Japanese Society for Bone and Mineral Research.
Those with osteoporosis are associated with a significantly lower survival rate (log-rank
test; P<0.01).

and cerebrovascular events, dementia, malignancy, smoking, drinking
and prevalent fractures, and BMD, all indicated a significant correlation
with death (P<0.05: Table 2), Multiple regression analysis was
performed to evaluate the relationship between mortality and selected
baseline parameters by the backward selection method (Table 3). Age,
25-0HVD, presence of malignancy and BMD at baseline were associated
with mortality. The subjects who were treated with 1-alpha-OHVD3 for
their osteoporosis during the observation period, were subtracted from
the study in order to determine whether the hazard ratio of 25-OHVD
for mortality was changed or not. However, the hazard ratio of 25-
OHVD for mortality did not change when it was compared with before
the subtraction of the subjects and after. Kaplan-Meier plots indicate a
significant deference in survival rate when stratified by 25-OHVD
(Fig. 1), presence of malignancy (Fig. 2) or stratified by BMD (Fig. 3).
Serum 25-OHVD level <50 nmol/l, presence of malignancy or the
presence of osteoporosis was shown to be associated with a
significantly higher mortality rate (log-lank test; P<0.01).

Discussion

It has been well documented that the fractures are associated with
increased mortality, especially 1 year after hip fractures [11,12],
However, little information has been available regarding the significance
of baseline BMD on subsequent death in Asian population. The primary
aim of the present study was to clarify whether Japanese postmeno-
pausal women with osteoporosis are associated with a higher mortality
rate than those without. The Cox hazard model demonstrated in the
present study that osteoporosis is associated with a higher mortality rate
than those without after adjustment for confounding factors, Therefore,
we can conclude that osteoporosis not only in Caucasians but also in
Asians may be associated with higher mortality than those without
osteoporosis. However, the number of deaths was not sufficient to
account for the difference in the cause of death between those with
osteoporosis and the control subjects. The prevalence of low BMD is an
important component of the risk for fracture. There are many reports
that indicate the relationship between incident fractures and mortality
in osteoporosis [5-14]. Therefore, fracture is thought to be a good
predictor of mortality in subjects with low BMD. However, we should
predict the mortality before fracture event. To clarify an early predictor
of mortality, we investigated whether or not low BMD represented a risk
factor for mortality in an ambulatory sample of Japanese patients. The
study results demonstrate that low BMD is a significant independent
risk factor for future death. However, in the present study, our model did
not include prevalent fractures to predict subsequent death. This may
indicate that low BMD is a better predictor for death than prevalent
fractures. The exact reason why prevalent fractures did not predict

future death, is unknown. But the clinical significance of fracture effect
ondeath is more important in incident fracture than prevalent fracture,
because the present participants may consist of the survivors from fresh
fracture, which may affect the survival. The participants with osteo-
porosis showed a lower baseline prevalence of diabetes and dyslipide-
mia as risk factors for death. Furthermore, the baseline prevalence of
hypertension, vascular events and malignancy between the osteoporosis
and non-osteoporosis groups was not significantly different. The higher
prevalence of dementia found at baseline in the osteoporosis group
compared to that in the non-osteoporosis group may have contributed
to the higher mortality rate in the present study. Although pre-existing
dementia was not a significant risk factor for future death, it might
represent possible causes of low activity in daily life and result in low
BMD. Therefore, it is necessary to investigate whether or not dementia
accounts for low bone density or whether it may be associated with
subsequent low bone density. The prevalence of malignancy was
another independent significant risk for future death in the present
study. This phenomenon is thought to be within our expectation
because some of the prevalent malignancies may have relapses. The low
level of 25-OHVD observed frequently in elderly people [35-37] was
found to be another significant independent risk factor for future death.
A recent report indicates that lower serum 25-CHVD levels are
associated with a higher risk of nursing home admission or mortality
rate [24], suggesting that a lower (<50 nmol/l) 25-OHVD level may be
used as an indicator of frailty. The higher risk for death in people with
low 25-0HVD levels may be explained by the risk of sarcopenia | 38], falls
and low physical performance [39]. Furthermore, low 25-0HVD levels
are reported to be associated with autoimmune disease, cancer,
cardiovascular disease or diabetes [3740,41]. A meta-analysis consisted
of 18 randomized controlled trials reported that the intake of ordinary
doses of vitamin D supplements seems to be associated with mortality
[42]. However, this report stated that the relationship between mortality
and baseline level of vitamin D would be required the further
clarification [42]. Thus, the result of the present study may have some
contribution to the issue between vitamin D and survival in elderly
people. However, the present study showed no significant association
between low 25-OHVD and these morbid states.

Our study has some limitations. First, there was a possible sampling
bias that could have led to the participants having more serious illness
than the general population, because our study population consisted of
those who sought medical consultation for various reasons. However,
the prevalence of co-morbidities, which had a potentially causal
relationship to mortality, seemed to be unrelated to the higher
mortality in the osteoporosis group. Second, 213 subjects who were
lost to follow-up were included for analysis in this study; therefore, the
survival rate reported may not be completely accurate. However, we
think that those lost to follow-up were possibly distributed equally
between the survivors and dead, because the subjects with no co-
morbidity may have been less motivated to visit the clinic and those
with serious illness may have dropped out due to their loss of mobility.
Third, the participants with osteoporosis used some type of drug for
osteoporosis therapy; therefore, the association between the incident
fractures and mortality was unclear. A recent study using zoledronic
acid for secondary prevention of fractures indicated that the zoledronic
acid-treated group after hip fracture was associated with lower
mortality than the control subjects [43]. Therefore, the mortality rate
in osteoporosis may have been underestimated in the present study
because of the treatment given for osteoporosis. However, despite the
treatment given, the mortality rate in the osteoporosis group was
higher than in the control subjects, clearly indicating that those with
osteoporosis had a higher mortality rate than those without. Finally,
we only studied Japanese women living in a rural area so that to
confirm our finding, further investigation in a large sample of people
from entire Japan or metropolitan areas is required.

Although the present investigation had several limitations, this is
the first to address the association between low BMD or serum 25-
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OHVD levels and mortality in Japanese women. In summary, the study
findings suggest that the presence of osteoporosis and lower levels of
25-0HVD represent potentially powerful risk factors for mortality.
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Abstract Recent studies have showed a significant cor-
relation between vascular calcification and bone mineral
density (BMD). Therefore, an investigation was carried out
on the association between arterial stiffness, lumbar BMD
and bone metabolic markers in Japanese postmenopausal
women. Brachial-ankle PWV (baPWV) and BMD of the
lumbar spine and serum bone-specific alkaline phosphatase
(BAP) levels in 143 postmenopausal women were mea-
sured, where there was a significant negative correlation
between baPWV and BMD (r = —0.21; P = 0.0135). An
additional analysis included the remaining 75 subjects, but
excluded subjects with hypertension and obesity. Here, a
more negative correlation between baPWV and BMD
(r=-0.315; P =0.006), and a positive correlation
between baPWV and BAP (r = 0.248; P = 0.032) were
also significant. A group analysis, where the women were
age matched and stratified into three groups of different
bone density, i.e., normal BMD, osteopenic and osteopo-
rotic, were further made. This showed lower PWV values
in the normal BMD group than in the other two groups. A
study also showed that the tertile with the highest BAP was
associated with significantly higher PWV values than the
other tertiles. However, when the multiple linear regression
analysis was carried out, there was no correlation between
PWV and BAP values. Low BMD and arterial stiffness
show some correlation, suggesting that BAP may reflect
the degree of arterial stiffness present.
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Introduction

Arteriosclerosis progresses with age, and the risk of arte-
riosclerosis in  women increases significantly after
menopause [1, 2]. On the other hand, bone mass decreases
with age regardless of sex. However, women are at higher
risk especially after menopause, when bone mass decreases
rapidly due to a decrease in estrogen [3, 4]. It was recently
shown that the degree of vascular calcification is signifi-
cantly correlated with changes in bone density, suggesting
that vascular sclerosis and decreased bone mass are closely
linked pathological conditions [5-8].

Pulse wave velocity (PWV) can be used to measure the
elasticity of arteries, thus providing an easy measure of
progression of arteriosclerosis. Indeed, despite the fact that
PWYV values do not directly describe calcification of blood
vessels, PWV is used as an effective measure of arterio-
sclerosis. Carotid-femoral PWV (cfPWV) has been a
traditional method used to measure PWV. However, this
method requires some technical skills. On the other hand,
brachial-ankle PWV (baPWYV), now available as a more
convenient method, only requires placing blood pressure
cuffs on the extremities. It has been reported that baPWV
and cfPWYV values are extremely well correlated within the
same patient, suggesting that baPWYV is as equally reliable
as cfPWV as an index for the severity of arteriosclerosis as
well as a prognostic indicator in the care of patients with
hypertension [9, 10].

The most important objective of osteoporosis treatment
lies in the prevention of bone fractures, which occur as
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bone strength, a composite endpoint combining both bone
quality and density, diminishes considerably. In clinical
studies, an accurate evaluation of bone density and quality
is carried out by using the dual-energy X-ray absorptiom-
etry (DXA) method and by the use of appropriate bone
metabolism makers.

A negative correlation between vascular sclerosis and
BMD has already been reported [5-8]. However, DXA has
seldom been used for evaluation of bone density, and
studies exploring the association between vascular sclerosis
and bone metabolism markers are very few.

This study aimed to elucidate the relationship between
arteriosclerosis and osteoporosis in  postmenopausal
women by examining their baPWV, bone mineral density
by using DXA, and bone metabolic markers for association
among these variables.

Subjects and methods
Subjects

This study enrolled 143 postmenopausal women who vis-
ited the Menopause Clinic in our department from January
2004 to April 2005. Their menopausal status was con-
firmed by interview, where those who had not menstruated
for 12 months were considered to be menopausal. Those
who could not precisely recall the date of their last men-
strual period or who did not answer the questionnaire were
excluded from the study. None of the subjects had under-
gone hormonal replacement therapy or had taken any
steroid hormones. Women who had hypertension, diabetes,
dyslipidemia or osteoporosis took appropriate medication
for the condition (Table 1).

Informed consent was obtained from every subject who
enrolled in the study. The study protocol was then
approved by the Ethics Committee of Tokyo Women's
Medical University.

Measurement of pulse wave velocity

All subjects underwent brachial-ankle pulse wave velocity
(baPWV) measurement as an index for arteriosclerosis,
using a form pulse wave velocity/ankle brachial pressure
index (form PWV/ABI) (Nippon Coli). Details of the
methodology have been described previously [8].

The subjects were examined while resting in a supine
position with the measurement device set to simultaneously
record PWYV, blood pressure, electrocardiogram and heart
sounds. Electrocardiogram electrodes were placed on both
wrists, and a heart sound microphone was placed over the left
sternal border. The cuffs were wrapped around both arms and
ankles and connected to the plethysmographic sensors to
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Table 1 Clinical characteristics of 143 women in this study

Age (years) 579 £+ 83
Height (cm) 1557 £52
Weight (kg) 553 + 04
BMI (kg/m?) 230 + 36
sBP (mmHg) 1283 + 216
dBP (mmHg) 76.1 £ 12.2
iPTH (pg/ml) 483 + 199
Ca (mg/dl) 92+038
Urinary Ca/Cr 0.18 + 0.39
P (mg/dl) 36+ 04
NTx (nmolBCE/mmol Cr) 43.1 £ 20.0
BMD (g/m?) 0.884 + 0.154
PWYV (cm/s) 1,450 £ 261
BAP (IUN) 2503112
No. of subjects with

Hypertension 3

Diabetes mellitus 5
Dyslipidemia 44
Osteoporosis 25

Age at menopause (years) 48.0 £ 5.0

All results are presented as the mean £ SD

BMI body mass index, sBP systolic blood pressure, dBP diastolic
blood pressure, iPTH intact parathyroid hormone, NTx urine cross-
linked N-telopeptides of type | collagen, BAP bone alkaline
phosphatase

evaluate brachial and post-tibial arterial pressure waveforms
and volume pulse forms in the subjects. The subjects were
also connected to oscillometric sensors to measure blood
pressure. baPWV was measured in all subjects after they had
rested for at least 5 min. The mean left and the right baPWV
values for each subject were used for analysis.

Measurement of bone mineral density

Lumbar spine (L2-L4) BMD was measured by using DXA
(QDR4500, Hologic Inc., USA) as an index for osteopo-
rosis. BMD values were reported as grams per square
centimeter.

Laboratory measurements
The following variables were evaluated: blood Ca, P and
intact PTH levels; urine Ca/Cr ratios; bone alkaline phos-

phatase (BAP) levels; and urine cross-linked telopeptides
of type I collagen (NTx).

Statistical analysis

Data were expressed as mean £ SD. Simple regression
analysis was used to examine correlation between baPWV,
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BMD and other clinical variables. Multiple regression
analysis was further performed for baPWV, BMD and
other clinical variables. A value of P < 0.05 was consid-
ered statistically significant.

Results

Table | summarizes the characteristics of the subjects.
There was a significant negative correlation between PWV
and BMD in the 143 patients studied (r = —0.21;
P =0.0135) (Table 2). When each of the parameters
evaluated was examined for possible correlation with PWV
and BMD, there was a positive correlation between PWV
and blood pressure, with a stronger correlation found
between PWV and systolic blood pressure (r = 0.734;
P < 0.0001). A positive correlation was also present
between PWYV and bone ALP (BAP) (r = 0.166;
P = 0.047) (Table 2). BMD showed a positive correlation
with both body weight and BMI, where a stronger corre-
lation was seen between BMD and body weight (r = 0.506;
P < 0.0001) (Table 2). Given these results, patients with
hypertension (defined as sBP 140 mmHg or higher or dBP
90 mmHg or higher), a factor affecting PWV values, and
those with BMI less than 18.5 as well as those with BMI
more than 25, a factor affecting BMD, were all excluded
from the study. The remaining 75 subjects were subjected to
further review. Analysis of these 75 subjects showed a more
significant negative correlation between PWV and BMD

Table 2 Univariate analysis of clinical factors correlated with bra-
chial-ankle pulse wave velocity (baPWV) and lumbar bone mineral
density (BMD)

With baPWV With BMD

F P r P
Age 0.587 <0.0001 0.283 0.0006
Height 0311 0.0002 0.191 0.169
Weight 0.006 NS 0.506 <0.0001
BMI 0.128 NS 0.453 <0.0001
sBP 0.734 <0.0001 0.026 NS
dBP 0.564 <0.0001 0.074 NS
BMD/baPWV 0.206 0.0135 0.206 0.0135
Ca 0.072 NS 0.090 NS
P 0.148 0.0793 0.026 NS
Urinary Ca/Cr 0.044 NS 0.028 NS
iPTH 0.140 0.0947 0.017 NS
NTx 0.030 NS 0.051 NS
BAP 0.166 0.0470 0.018 NS

BMI body mass index, sBP systolic blood pressure, dBP diastolic
blood pressure, iPTH intact parathyroid hormone, NTx urine cross-
linked N-telopeptides of type 1 collagen, BAP bone alkaline
phosphatase
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Fig. 1 An even stronger correlation was observed between L2-14
BMD and PWV values after those with hypertension, a determining
factor of PWV, and those with obesity as assessed by BMI, a
determining factor of L2-L4 BMD, were excluded (r = —0.315;
P = 0.006)

(r = —0.315; P = 0.006) than in the earlier analysis from
which no subjects were excluded (Fig. 1).

In order to eliminate the possibility of age affecting the
results, the subjects were age-matched and then stratified into
three groups by bone density, i.e., normal BMD (n = 17,
L2-L4 BMD, 0.962 + 0.085 g/cm®), osteopenic (n = 12,
0.755 £ 0.029) and osteoporotic (n = 9, 0.673 + 0.028).
No significant difference was observed among these three
groups concerning their age and blood pressure (Table 3).
The subjects with normal BMD showed significantly lower
PWYV values than the other two groups (Fig. 2). Hence, a
significant correlation between PWV and BMD was con-
firmed to be present even after adjustment for age among the
subjects.

In the remaining 75 patients, PWV values showed a
stronger positive correlation with the bone metabolism
marker BAP (r = 0.248; P = 0.032) than when all sub-
jects were included for analysis (r = 0.166; P = 0.047)
(Fig. 3). Comparison of PWV values among the BAP ter-
tiles showed that the tertile with the highest BAP showed
significantly higher PWV values than the other tertiles
(P < 0.05) (Fig. 4). A further examination by multiple
regression analysis showed no correlation between PWV
and BMD or between PWV and BAP (Table 4).

Discussion

Our study results demonstrate that PWV and BMD are
negatively correlated in postmenopausal women. In addi-
tion, the greater the PWV values, and the more sclerotic the
blood vessels are, the lower the lumbar L.2-L4 BMD val-
ues. Of note, this negative correlation was shown to be
particularly pronounced among women with normal
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Table 3 Background factors in ) : .
the three groups aged-matched Osteoporotic Osteopenic Normal BMD P
and stratified by BMD Number 9 12 17
BMD (g/mz) 0.067 £ 0.028 0.755 £+ 0.029 0.962 + 0.085 <0.05
Age (years) 57.8 £ 8.1 57.6 + 8.1 573 £ 52 NS
Height (cm) 155.0 £ 43 1533 + 44 157.2 = 6.3 NS
Weight (kg) 49,6 £ 4.0 49.0 + 5.1 549 £ 6.8 <0.05
BMI (kg/mz) 206 = 09 211 £ 1.8 2214 1.7 <0.05
sBP (mmHg) 1204 11 114 + 13 11 +£ 10 NS
dBP (mmHg) 71 +£9 71 + 8 66 + 10 NS
iPTH (pg/ml) 47.2 £ 135 406 £ 11.9 46.8 + 16.7 NS
BMI Fﬂd&‘)ﬂﬁss index, -Yfgp Ca (mg/dl) 93 +03 93403 94 + 0.6 NS
systolic pressure, g
diastolic blood pressure, iPTH Urinary Ca/Cr 0.13 £ 0.08 0.16 £ 0.12 0.14 + 0.07 NS
intact parathyroid hormone, NTx P (mg/dl) 3.5+ 03 37402 3.6 403 NS
urine cross-linked N- NTx (nmolBCE/mmol Cr) 42,0 £ 225 482 + 26.8 43.6 £ 21.1 NS
telopeptides of type 1 collagen,  p,p (1 259 + 8.1 246 + 75 204 + 6.5 NS
BAP bone alkaline phosphatase i E : : 5 ' .
p < 0.05 »g- 2000 1
p < 0.05 @ 1800
2 1600 E 1600 1
%’ 1400 - —T— ” § 1400
a
ek 1200 A - @ 1200 1
a2
g 1000 4 $ 1000 -
% 800 A g 800
§ 6001 € 600 —e———
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S =75
g 500 BAP (U/L) n=
Osteoporotic Osteopenic Normal BMD Fig. 3 PWV values showed a stronger positive correlation with BAP,

Fig. 2 The subjects in the normal BMD group showed significantly
lower PWYV values than the other two groups (1,201.1 & 18.3 vs.
1,312.6 + 490 cm/s, 1,201.1 &+ 183 wvs. 1,399.5 + 54.1 cm/s;
P < 0.05). All results are presented as mean + SD. In these subjects,
a significant negative correlation was shown between PWV and BMD
even after they were adjusted for age

physique and blood pressure. Furthermore, this correlation
was confirmed even when the data were adjusted for age,
suggesting that decreased bone mass is a risk factor for
atherosclerosis, independently of other risk factors, such as
hypertension, diabetes or smoking. Our results are in
agreement with the report of Hirose et al. [7] that dem-
onstrated correlation between increased PWV and reduced
calcaneal quantitative osteo-sono index as assessed by
quantitative ultrasound (QUS). In recent years, similar
findings have been reported not only in cross-sectional, but
also in longitudinal studies [6, 11] that were conducted
across races. These studies began to clarify the cellular
mechanisms of pathogenesis implicated in both athero-
sclerosis and decreased bone mass [12, 13]. An osteoblast-
or chondrocyte-like phenotypic transformation of vascular
smooth muscle cells and myofibroblasts is assumed to be
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a bone formation marker, in 75 subjects with normal blood pressure
and BMI (r = 0.248; P = 0.032)

implicated in the process of vascular calcification, sug-
gesting a role for osteochondral metabolism-associated
factors in this process [14-16]. While aging and meno-
pause are clinical risk factors for both atherosclerosis and
osteoporosis, other factors, such as various inflammatory
processes, oxidative stress and homocystein, are also
reported as risk factors for both conditions [17].

The interrelationship between atherosclerosis and bone
metabolism has been corroborated by the fact that anti-
atherosclerotic and anti-resorptive agents exert effects on
bone metabolism and on atherosclerosis [18, 19]. In this
regard, statins as therapeutic agents for hypercholesterol-
emia are known to exert their anti-atherosclerotic effects
through inhibition of HMG-CoA reductase, a key enzyme
in the rate-limiting step of the mevalonate pathway; they
have also been shown to mediate BMP-2 promoter acti-
vation. In both mouse calvarial cultures and in clinical
trials [20, 21], statins were shown to increase the number of
osteoblasts as well as new bone mass, suggesting a
potential role for statins as a new class of pro-osteogenic
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Fig. 4 The tertile with the highest BAP showed significantly higher

PWV  values than the other tertiles (1,308.8 + 35.0 vs.
1,285.5 &+ 27.6 cm/s, 1,308.8 + 35.0 wvs. 1,247.9 + 35.6 cm/s;
P < 0.05)

Table 4 Correlation of PWV and other factors as assessed by mul-
tiple regression analysis with a significance level of P < 0.05

Variable Regression P value Standardized
coefficient regression
coefficient
Age 11.42 <0.001 262.58
Height —3.72 0.115 =52.11
sBP 6.98 <0.001 408.06
BMD —99.78 0.213 ~35.27
BAP 1.89 0171 42.06

sBP systolic blood pressure, BAP bone alkaline phosphatase

agents. On the other hand, bisphosphonates as anti-osteo-
porotic agents have been shown to suppress osteoclast
activation as part of their mechanism of action that inhibits
the mevalonate pathway [22]. Thus, together, these results
suggest that statins and bisphosphonates may act on, and
exert similar effects on, the same cells.

In our present study as well, BAP and PWV were found
to be correlated, consistently with previous reports showing
that when osteoporotic patients were stratified by presence
or absence of aortic calcification, those with aortic calci-
fication were associated with significantly higher BAP
values [23]. It is also reported that BAP was significantly
expressed in calcified vascular smooth muscle cells. Fur-
thermore, in the presence of pro-inflammatory cytokines,
there is an increase in the BAP level, thus further pro-
molting vascular calcification [24]. These findings appear to
point towards the possibility that BAP values reflect the
degree of arteriosclerosis present and that osteoblast-like
cells are implicated in arteriosclerosis.

In our analyses using multiple linear regression, we were
unable to establish a clear relationship between PWV and

BMD or between PWV and BAP. However, the results
obtained from the stratified groups do not necessarily
exclude the possibility of such relationship, as shown in a
comparison of PWYV values among the BAP tertiles. The
main limitation of this study lies in the fact that the study
subjects were not adequately uniform; the study subjects
varied greatly in age and included those with medical
conditions such as hypertension and diabetes. The limited
availability of appropriate cases further enhanced the study
limitation. Therefore, increasing the number of subjects,
which also helps to ensure inclusion of uniform subjects,
may contribute towards a better clarification of the rela-
tionship between bone and vasculature.

The management of bone metabolic disorders needs to
focus not only on the disease per se, but also on the
resulting vascular calcification that will likely lead to
ectopic calcification, thus affecting the overall prognosis of
affected patients. Mounting evidence suggests a strong
correlation between vascular calcification and bone mineral
content. While the implication of this finding remains to be
further explored, current evidence appears to suggest a role
for BMD measurement as an important index that assists in
the management of vascular calcification,

It is suggested that patients with low bone mass should
undergo careful monitoring for atherosclerosis to better
manage the condition, where therapeutic intervention may
also be considered. In a fast-aging society, such an
approach is not only needed for the health of people and for
the social care workers caring for them, but also for health
€CONomic reasons.
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