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Abstract The relationship between abdominal aortic calcification and osteoporosis in
224 elderly patients (82 men, 142 women, age ranged from 60 to 94 yrs [77.8 = 7.6] ) was
investigated by computed tomography. We calculated the aortic calcification index
(ACIL;%) of calcification volume to aortic volume within 10 slices in the lower abdominal
aorta, and measured the bone mineral content (BMC; mg/cm?) of three lumbar vertebral
bodies (the 2nd, 3rd, 4th) using a calibrated phantom. ACI increased, but BMC decreased
gradually with aging. ACls in women were significantly less in the 60s decade of age (p<
0.01), but higher in the 80s and 90s (NS) than those in men. BMCs in women were
significantly less than those in men in the 70s and 80s (p<0.01 and p<0.05, respectively).
In both the 70s and 80s, there were significant negative correlations between ACIs and
BMCs in women (70s:n=61, r=—0.371,p<0.01; 80s:n=55,r=—0.334,p<0.01), but was no
relation between them in men. These results suggested that in the elderly women,
abdominal aortic calcification is closely related to the bone loss caused by postmenopausal
osteoporosis.

Key Words . Abdominal aortic calcification, Osteoporosis, Bone mineral content, Atherosclerosis,
Computed tomography.

Introduction

The aortic calcification is frequently seen
with age or in elderly women, and occurs by
the following diseases of hyperlipidemia,
diabetes mellitus, hypertension, osteoporosis,
renal failure, and hyperparathyroidism V=%,
In the elderly women, an incidence of both
osteoporosis and aortic calcification gradu-
ally increases, and the relationship between
both of them become closely in proportion to

aging®-9®.

Computed tomography (CT) is the more
powerful clinical method to discriminate the
calcification from aortic wall than the plain
X-ray film or magnetic resonance image®~1V,
Recently, CT method also can offer us to
establish the qualitative or semi-quantitative
measurement for calculating the aortic
calcification'?'®,  Similarly, CT method
using a calibrated phantom also offers the
quantitative measurement of bone mineral
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content (BMC) in vertebral or femur
bone!¥'®. Therefore, in the present study, we
investigated the relationship between the
aortic calcification and the osteoporosis in
the elderly by a quantitative CT method.

Subjects and Methods

Subjects: The 224 elderly patients of in-
and outpatients (82 men, 142 women, age
ranged from 60 to 96 years old [mean age
77.8+7.6]) were examined by the CT scan-
ning of abdominal aorta and lumbar verte-
brae, simultaneously.

We selected the patients of the following
basal diseases: 106 patients with osteo-
porosis, spondylosis deformans and osteo-
arthrosis; 87 with cerebrovascular disease; 77
with arrhythmia and ischemic heart disease;
29 with acute and chronic lung disease; 7 with
liver disease; 13 with gall stone and post-
cholecystectomy; 7 with renal stone and
acute pyelonephritis; 9 with malignancy; 1
with acute appendicitis. Among liver disease,
we selected the acute hepatitis and liver cyst
with a normal function. Among malignancy,
we selected the post-operation of colon
cancer free from bone metastasis. Several
patients had two or more concomitant
diseases.

We excluded the following secondary
osteoporosis due to the renal failure, endo-
crine disease, post-oophorectomy and hyster-
ectomy. In addition, we excluded the follow-
ing atherosclerotic disease: hyper-lipidemia,
diabetes mellitus, hypertension and chronic
collagen disease. Furthermore, aortic aneu-
rysm or dissection and the marked distortion
of aorta were excluded. We excluded the
long-term bedridden patients caused by the
cerebrovascular disease or osteoarthrosis,
the patients under the therapy of calcium
supplement, vitamin-D and hormonal drug,
and then the malnutritional patients with
post-gastrectomy or mental anorexia.

Measurement of abdominal aortic calcifica-
tion: Using single-energy CT equipment
(Hitachi Medico, CT-W400-20), we scanned
the abdominal aorta and produced the images
under the following conditions: X-ray voltage
120 KV; current amplitude 250 mA; slice

thickness 1 cm; slice interval 0 cm; scanning
field 30 cm; scanning time 4.5 sec; window
level £50; window width 250; calculation
matrix size 320X 320 pixels '%.

As shown as Figure 1, we scanned the
relevant abdomen of each patient in a supine
position, and set the region of interest (ROI)
on the abdominal aorta by the rectangular
square (Fig. 1, Upper left). For clarifying the
outline of aortic calcification, we magnified
an image of abdominal aorta on the display
by zooming five folds (Fig. 1, Upper right),
and established a CT threshold number of 115
Hounsfield Unit (HU). This CT number was
determined to produce an adequate calcifica-
tion image along the internal or external
margin of aortic wall by visual inspection. In
order to discriminate more clearly the outline
of aortic calcification, we developed the
binary image over this CT threshold number
in a black color (Fig. 1, Lower left). By
means of handmanual-tracing the outline of
individual calcification sites using a track
ball, we calculated their areas of aortic cal-
cification (Fig. 1, Lower right). As shown in
Figure 2, we summed up the calcification
volume (CV; cm?® by adding the individual
area of calcified sites within 10 slices upward
over the bifurcation of abdominal aorta. On
the other hand, we summed up the aortic
volume (AV; cm?®) by adding each ellipsoidal
circle using the maximum and minimum
diameters of external margin of aortic wall
within 10 slices. Subsequently, we calculate
the aortic calcification index (ACI;%) of CV
to AV'®,

BMC wmeasurement in lumbar veriebral
body: As shown in Figure 3, we measured the
BMC of vertebral bodies with the lumbar CT
using a calibration phantom (Chugai Pharma-
ceutical, B-MAS) according to the method of
Cann et al.'® and Fujii et al.*® We examined
under the same CT scanning conditions as the
abdominal aorta'®. During CT examination,
the phantom was attached closely to the lum-
bar back of the patient in a supine position,
with CT equipment at an angle for scanning
a slice as perpendicular as possible to the
midplane of the vertebral body. Thus, both
the vertebral body and the phantom system
were scanned simultanecusly (Fig. 3, Upper
left). Subsequently, we set the ROI in the
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Fig 1. The measurement method of abdominal aortic calcification by computed tomography (CT).
Upper left: The image of abdominal aorta is set at the region of interest (ROI) by rectangular
square on the display for zooming. Upper right: Abdominal aorta is magnified by zooming

five folds. Calcification sites in aortic wall appear as a white image.
calcification over the CT threshold number represent as a binary black image.

Lower left: Aortic
Lower right:

The calcification area is hand-manually traced around the outline of calcified sites in aortic

wall.

@ Calcification of Abdominal Aorta

Fig 2. The measurement method for aortic cal-
cification index (ACI; %) of calcification
volume (CV; cm?®) to aortic volume (AV;
cm?®) within 10 slices upward over the
bifurcation of abdominal aorta.

spongious bone of the vertebral body using
the largest ellipsoidal circle excluding a cor-
tical bone and a nutritional foramen on the
display. Then, we calculated the mean CT
number in the ROI of vertebral body (Fig. 3,
Lower right). Similarly, we set the five ROIs
on five standard substances in the calibrated
phantom by using round circles, and calcu-
lated the mean CT numbers within the five
ROIs (Fig. 3, Upper right and lower left). Five
standard substances were composed of the
following concentrations of CaCO;: 32.31,
80.17, 133.47,177.03, and 223.66 mg/cm?, in this
order’. The first regression line was calcu-
lated by the least squares method using both
the mean CT number and the corresponding
CaCO; concentration of each standard. By
applying the mean CT number of the verte-
bral body to the first regression line, BMC
(mg/cm?®) was obtained. In all patients, we
simultaneously scanned the 2nd, 3rd and 4th
lumbar vertebral bodies (Fig. 3, Upper left).
Results from the 3rd body were used as a
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Fig 3. The measurement method for bone mineral content

vertebral body.

(BMC) of the lumbar

Upper left: Scanogram and Scanning line of lumbar vertebral body in a

scout-view image.

Upper right and lower left: The simultaneous scanning image of both the
vertebral body and the calibrated phantom. Five regions of interest (ROIs)-are
set on five standard substances of phantom.

Lower right: ROI is set on the spongious bone of vertebral body by the largest
ellipsoidal circle, excluding a cortical bone and a nutritional foramen.

representative BMC for most patients. In
patient with compression fractures or
marked calluses formation complicated of
trabecular microfracture in the 3rd vertebral
body, results from the 2nd or 4th body were
used as a representative BMC. Patients with
severe compression fractures or marked
scoliosis throughout the three vertebral
bodies were excluded®.

Thus, we studied the age- and sex-
differences between the ACIs and between
the BMCs, and investigated the relationships
between ACIs and BMCs in every decades of
age in both sexes.

Statistics analysis: The statistics was used
by the paired and non-paired Student’s t-test.
Correlation analysis was calculated by the
first regression line using a least square. P
value lower than 0.05 was significant. The
mean value represent as mean =+ standard
deviation (SD).

Results

Abdominal aorta: Table 1 summarises the
age- and sex-differences between the mean
ages, between the mean diameters of abdomi-
nal aorta and between the AVs. There were
no significant differences between the mean
ages of men and women in every decades of
age. As shown in Figure 2, the mean diameter
averaged by the maximum and minimum
diameter of external margin of the aortic
wall was calculated in the upper scan on the
1st slice, in the middle on the 5th, and in the
lower on the 10th, respectively. In men,
almost of the upper, middle or lower mean
diameters and mean AV increased in propor-
tion to aging. On the other hand, in women,
all of the upper, middle and lower mean
diameters increased with aging, but AV in-
creased in order of the 60s, 80s, 70s and 90s
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decades of age. Compared between men and
women, many of both the mean diameters
and AVs in men were significantly larger
than those in women (60s:Upper diameter p<
0.01, Lower diameter and AV p<0.05; 70s:

p<0.01).

Upper and lower diameters p<0.01; 80s:
Upper, middle or lower diameters and AV

ACI: Table 1 and Figure 4 showed the age-
and sex-differeneces between the CVs and

Table 1. The mean ages of patients, and the mean diameters, aortic volumes (AVs), calcification
volumes (CVs), and aortic calcification indexes (ACIs) of abdominal aorta.
Decade Mean age Mean diameter of arotic wall AV Ccv ACI
of age (yrs)  Upper(cm) Middle{cm) Lower (cm) (cm) (cnr) (%)
Men (n= 81)
60s (n= 16) 65.6*+2.7 2.6+0.3 2.1+0.4 1.9%£0.3 32.6%x 9.5 3.4+4.1 9.1£ 9.5
70s (n= 28) 75.1+2.52.7+0.3 2.1£0.2 2.1+£0.3 35.6% 8.8 2.6x2.4 7.4* 6.6
80s (n= 32) 82.8+2.8 2.7x0.3 2.1+0.2 2.0%0.3 37.8*+ 6.5 3.7+3.9 10.0%10.3
90s (n= 5) 92.4+2.52.9+0.4 2.3+0.2 2.0%£0.2 41.3£10.3 3.5+3.4 8.7+ 8.0
Women (n=142)
60s (n= 18) 65.0+2.4 2.3%+0.3** 1.8+0.2 1.7%+0.2* 26.5% 3.5* 0.4+0.6** 1.2+ 1.8**
70s (n= 61) 75.2+2.8 2.4+0.3** 1.9+0.5 1.8+0.2** 31.2+12.1 2.0+2.4 6.1 7.1
80s (n= 55) 83.4%£2.5 2.5+0.3** 1.9+0.3** 1.8£0.2** 30.4+ 6.4**3.3+2.9 10.9%+ 9.3
90s (= 8) 91.5+1.6 2.6x0.9 2.3+0.9 2.0%+0.5 33.3+ 7.5 3.5+2.4 11.8+ 9.2
Abbreviations: n=the number of patients; ACI=Aortic calcification index (%) of calcification

volume (CV) to aortic volume (AV); % =p<0.05, * * =p<0.01 of different significances between
men and women; Mean values represent as mean=+SD.

Aortic Calcification Index (ACI)
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Fig 4. The age- and sex-differences between the aortic calcification indexes (ACls).
Closed circles are men. Open circles are women.
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between the ACIs. In men, CV increased
gradually in order of the 70s, 60s, 90s and 80s
decades of age, but ACI increased in order of
the 70s, 90s, 60s and 80s. On the other hand, in
women, both CV and ACI increased with
aging. Compared the CVs and ACls between

men and women, CVs in men were signifi-
cantly larger in the 60s (Men 3.4+4.1 vs
Women 0.4+0.6 cm?; p<0.01), or larger in the
70s (NS), but less in th 80s and 90s (NS) than
those in women. Whereas, ACIs in men were
significantly higher in the 60s (Men 9.1£9.5

(mg/cm?3) P<0.01 P<0.05 * Men
— — ° Women
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Fig 5. The age- and sex-differences between the bone mineral contents (BMCs).
Closed circles are men. Open circles are women.

Table 2. The mean ages of patients, bone mineral contents (BMCs) of the lumbar vertebral body,
the numbers of patients who were used by the 2nd, 3rd or 4th vertebral bodies as a
representative BMC, the first regression rates by phantom, and correlation rates between
BMCs and ACIs.

Decade Mean age Vertebral body for BMC Regression rate BMC Correlation rate
of age (yrs) 2nd(n) 3rd(n) 4th(n) by phantom (mg/cm) BMC vs ACI

Men (n= 81)

60s (n= 16) 65.6%+2.7 — 15 1 0.973£0.009 89.7+39.8 —0.366 NS
70s  (n= 28) 75.1£2.5 1 25 2 0.970%+0.010 71.2+42.0 —0.117 NS
80s (n= 32) 82.8+2.8 1 28 — 0.967+£0.023 65.2+47.7 +0.012 NS
9s (n= 5) 92.4+2.5 2 2 1  0.975£0.015 56.9£22.2 —0.760 NS
Women (n=142)
60s (n= 18) 65.0£2.4 — 17 1 0.971£0.012 80.1%£41.7 —0.229 NS
70s (n= 61) 75.2%2.8 7 47 7  0.974%+0.009 43.5%£33.5** —0.371 p<0.01
80s (n= 55) 83.4%2.5 4 44 7 0.978+0.011 40.8%+33.7* —0.334 p<0.01
9s (n= 8) 91.5%1.6 2 5 1 0.978+0.016 31.5%+31.3 —0.118 NS
Total (n=223) 77.8+7.6 20 183 20 0.973%+0.014
Abbreviations: n=the number of patients; % =p<0.05, #% % =p<0.01 of different significances

between men and women; NS=Not significant; Values represent as mean+SD.
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vs Women 1.2£1.8%; p<0.01), or higher in
the 70s (Men 7.4+6.6 vs Women 6.1 £7.1 %,
NS) than those in women. Contrastly, ACls in
women were higher than those in men, but
not significant in the 80s and 90s (80s:Men
10.0+10.3 vs Women 10.9+9.3%,NS; 90s:Men
8.7+8.0 vs Women 11.84+9.29%, NS).

BMC: Table 2 and Figure 5 showed the
age- and sex-differences between the BMCs.
As a representative BMC, 20 patients were
used by the 2nd lumbar vertebral body, 183

were the 3rd, 20 were the 4th, respectively. In
men, 15 patients were used by the 3rd body
and 1 was by the 4th in the 60s, respectively.
One was used by the 2nd body, 25 by the 3rd,
and 2 by the 4th in the 70s. Four were used by
the 2nd and 28 by the 3rd in the 80s. More-
over, two were used by the 2nd, 2 by the 3rd,
and 1 by the 4th in the 90s, respectively.
Correspondingly in women, 17 patients were
used by the 3rd body, and 1 was used by the
4th in the 60s. Seven were used by the 2nd, 47
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Fig 6. The correlative relations between ACIs and BMCs in the 70s decade of age.
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by the 3rd, and 7 by the 4th in the 70s. Four
were by the 2nd, 44 by the 3rd, and 7 by the
4th in the 80s. Similarly, 2 were by the 2nd, 5
by the 3rd, and 1 by the 4th in the 90s, respec-
tively. For a representative BMC, an inci-
dence of usage by the 2nd or 4th vertebral
body was higher in women than in men (NS).
The mean rate of the first regression line by
phantom system to calculcate the BMC for
all patients was 0.973+0.014.

In both men and women, BMCs decreased
in proportion to aging. Compared between

men and women, all of BMC in women were
lower than all in men. Especially in the 70s
and 80s, BMCs in women were significantly
less than those in men (70s:Men 71.24+42.0 vs
Women 43.5+33.5 mg/cm?, p<0.01; 80s:Men
65.2+47.7 vs Women 40.8+33.7 mg/cm?, p<
0.05).

Relationship between ACI and BMC: As
shown in Figure 6 and 7, there were signifi-
cant negative correlations between ACIs and
BMCs in women in the 70s and 80s (70s:r=—
0.371, p<0.01; 80s:r=—0.334, p<<0.01), but no
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relations between both of them in men
(Table 2). In the 60s and 90s, there were no
correlations between both of them in men and
women (Table 2).

Discussion

Abdominal aortic calcification and
osteoporosis: The elderly men and women
have a decreased physical activity, and have
a low intestinal-absorption and an excess
urinary-excretion of calcium due to mental,
nutritional and metabolic disorders!”. Simi-
larly, serum levels of growth hormone,
insulin-like growth factor, vitamin-D, cal-
citonin and sex-hormone decrease, but a
serum level of parathyroid hormone
increases with aging!™'®. Especially in the
elderly women, decreased female-sex hor-
mone depresses the testosterone secretion,
vitamin-D metabolism, and osteoblast cell
activity'®, and affects the parathyroid gland
and osteoclast cell activity with a high level
of serum phosphate to cause the post-
menopausal osteoporosis???, On the other
hand, postmenopausal women had the ele-
vated serum cholesterol and triglyceride?®?®.
Decreased female-sex hormone depresses the
adrenal gland activity and lipoprotein rece-
ptor of liver cell, and elevates the serum
lipids. Especially, the surgical-menopaused
women after hysterectomy or bilateral oo-
phorectomy had a marked increased inci-
dence of atherosclerotic lesions and a severe-
Iy high risk of ischemic heart disease?@.
Thus, a low serum level of female-sex hor-
mone causes the osteoporosis and athero-
sclerosis, since aortic smooth muscle cells in
aortic wall and osteoblast in bone have a
estrogen receptor?®??, In the elderly
Japanese women, osteoporosis occurs more
frequently than in European and American
women?®. Therefore, the postmenopausal
disorders in elderly women worsen more
severely in Japan than in the other countries.

The present study revealed that there were
significant negative correlations between
abdominal aortic calcification and bone min-
eral content of lumbar vertebrae in women at
the 70s and 80s decades of age. The common
medical conditions inducing the osteoporosis
are hypogonadism (in men), early hyster-

ectomy or oophorectomy (in women),
subtotal gastrectomy, hyperthyroidism, long-
term bedridden due to hemiplegia, glucocor-
ticoid and anticonvulsion drug'”. In this
study, the patients under these medical condi-
tions and the patients with postmenopausal
hypercholesterolemia were excluded. Experi-
mental report in rats demonstrated that the
calcium decalcified from bone shifts to other
soft tissues of the aortic wall, kidney, heart,
muscle and spleen in this order, by calcium-
mobilization phenomenon®. The calcium
deposition sites on aortic wall are mainly
atheromatous plaque and elastic fiber3”3b, In
these sites, the calcium-binding proteins are
contributed to calcium deposition in the form
of the extracellular matrix combined with
calcium and phosphate, similar to the matrix
in bone tissue®®»—3%. Perhapse, results of the
present studv suggested that the calcium
decalcified from bone due to postmenopausal
osteoporosis may shift to the abdominal aor-
tic wall by calcium-mobilization phenome-
non, and/or may form the aortic calcification
by the excess depositions of calcium-binding
proteins.

Abdominal aortic calcification: Abdominal
aortic calcification occurs more frequently in
the lower region than in the upper region®.
The lower region shows a relative fewer
artifact than the upper region during CT
scanning. Therefore, we examined the aortic
calcification in the lower region. CT exami-
nation revealed the various forms of aortic
calcification: a round solidation within aortic
wall; a thin streak along the wall; a swollen
mass bulging out the external margin of
aortic wall; a thickened ring narrowing the
inner cavity of aorta. In many cases, aortic
calcification showed a vague indistint con-
trast even when the image was magnified on
the display. CT number of abdominal aorta
had many influences of the volume effect
phenomenon, and the overshooting or under-
shooting due to gastro-intestinal air, renal or
cholepancreatic stone, and thoracic or verte-
bral bone®. Therefore, in order to calculate
the aortic calcification without these influ-
ences by the condition of the simplicity, facil-
ity, and objectivity in some extent, we estab-
lished an optimal CT threshold number (115
HU) to discriminate the calcification from
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aortic wall. In the case of undershooting, this
CT number delineated the calcification as a
relative smaller area than the visually-
described area. Conversely in the case of
overshooting, this CT number enabled us to
discriminate the outline of calcification free
from artifacts. The semi-quantitative point
counting methods by circumferential ratio of
calcification sites to aortic wall are proposed
as the maximum point of 8 or 16 by visual
inspection'®'®. Compared these methods, our
method was considered as an effective usage
of reflecting the changes in various forms of
aortic calcification.

Bone mineral content: The quantitative CT
(QCT) method using a calibration phantom
provides a highly accurate measurement of
BMC in spongious bone of vertebral body.
QCT makes it possible to study the BMC free
from artificial noisy factors, such as changes
in temperature or humidity, the model of CT
equipment, and the body type of the
patient'¥®, In the vertebral body of osteopor-
otic patients, BMC by the spongious bone
provides a higher sensitivity than that by the
cortex or spicular bone®®. In addition, the
decalcification rate from the vertebral body
is the same as that from whole body bones®®.
Nevertheless, with the single-energy QCT we
used, a beam hardening phenomenon at both
the cortical bone of vertebral body and the
fatty tissue of spongious bone affects the CT
number to result in an underestimated nega-
tive number in some patients®”. Dual-energy
QCT is used to resolve this phenomenon, but
exposes the patients to much X-ray irradia-
tion. In practice, there is little difference
between the results by single- and dual-
energy QCT in values of the mean and stan-
dard deviation®”. Moreover, the elderly
patients have frequently many fractures and
deformities in cortex bone of vertebral body,
and a high incidence of trabecular micro-
fracture with calluses formation in spongious
bone®®. Therefore, a representative BMC
could not be obtained with only one result of
the 3rd vertebral lumbar body. Even a recent
high-resolution method of dual-energy X-ray
absorptometry has some unavoidable limita-
tions related to fractures and deformities®?.
So far as BMC of lumbar vertebrae is
examined in the elderly, it is impossible to

avoid the unstable factors related to bone
deformities or fractures even by any method.

Clinical significance of abdominal aortic
calcification: There were some reports con-
cerning the abdominal aortic calcification.
These reports demonstrated that there are a
high incidence of brain atrophy and a high
risk of coronary artery disease in patients
with marked calcification of abdominal
aorta??, In the near future of super-aging
society in Japan, aortic calcification as well
as osteoporosis will be a significant clinical
problem as a prophylaxic medicine of senile
diseases.
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