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Abstract We investigated the affects of long-term oral vitamin D treatment on aortic
wall and vertebral bone in the elderly patients with osteoporosis by computed tomogra-
phy. We calculated the aortic calcification index (ACI) of calcification volume to aortic
volume within 10 slices in the lower abdominal aorta, and measured the bone mineral
content (BMC) of three lumbar vertebral bodies (the 2nd, 3rd, 4th) using a calibration
phantom. We compared the ACIs and BMCs between 15 patients under no vitamin D
therapy (10 men, 5 women, 79+7 yrs)(Group- I ) and 17 patients with osteoporosis under
vitamin D therapy (4 men, 13 women, 75+6 yrs)(Group-II). The patients in Group-1II
received vitamin D everyday to sum up the duration into 8494333 days and the dosage
into 604 +323ug. ACI slightly increased from 9.2+7.2 to 11.0+8.5% in Group-I (NS),
and similarly increased from 9.3%+10.6 to 12.2+12.9% in Group-II(NS). Percent
change of ACI was higher in Group-1I (58+73%) than in Group- I (32+52%)(NS). BMC
slightly decreased from 63.2+40.6 to 62.4+45.4mg/cr in Group- I (NS), but increased a
little from 57.8+51.4 to 63.3+44.6mg/cr in Group-II (NS). These results suggest that
there is a tendency to increase in both aortic calcification and bone mineral content under
an even small dosage but long-term treatment of oral vitamin D.

Key Words . Abdominal aortic calcification, Vitamin D, Atherosclerosis, Osteoporosis, Bone
mineral content.

Introduction

Vitamin D is recently used for a pro-
phylatic medicine against the bone fractures
and lumbar pains in the elderly patients with
osteoporosis in Japan and Europe'?. The
clinical pharmacological effectiveness of
vitamin D is due to the increase or mainte-
nance in bone mineral content by the increase
in intestinal calcium absorption®*® and the

stimulation of osteoblast osteophytic
activation®”. According to the previous
experimental reports®~'?, the hypercholester-
ol feeding with an execessive vitamin D
induces to massive calcium deposition com-
bined with the atheromatous plaque in aortic
wall. However, it is unkown whether the
clinical dosage administration of oral vitamin
D to the patients with osteoporosis aggra-
vates or prevents the calcium deposition on
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aortic wall.

In the present study, we investigated the
affects to the small dosage, long-term ther-
apy of oral vitamin D on the calcium metabo-
lism of abdominal aorta and lumbar vertebral
bone in the elderly osteoporotic patients by
using a computed tomography.

Subjects and Methods

Subjects: Thirty-two elderly patients of
in- and outpatients consulted to Ube-First
Hospital from November 1987 to March 1992
were studied (14 men, 18 women, [mean age
77+7 yrs]) and devided into age-matched
two groups: Group-I was consisted of 15
patients under no vitamin D therapy (10 men
and 5 women, age ranged from 61 to 89 yrs
[mean age 79+7]). Group-II was com-
prised of 17 patients under the oral adminis-
tration of vitamin D (4 men and 13 women,
age ranged from 65 to 83 yrs [mean age 75+
6]). All of patients were simultaneously
examined in both abdominal aorta and lum-
bar vertebal bones by computed tomography
twice at an interval over a year and a half:

8564247 days in Group- 1 (ranged from 546 -

to 1325 days) and 881£338 days in Group-II
(ranged from 526 to 1519 days). In Group-1II,
11 patients received the oral vitamin D (1,
a(OH)D;) everyday with the dose of 0.5ug/
day, and similarly 6 patients received 1.0ug/
day. The duration and dosage of vitamin D
therapy summed into 8494333 days (ranged
from 490 to 1437 days) and 604+323ug (ran-
ged from 245 to 1372ug), respectively. The
patients with a low risk of bone fracture in
men had no indication of vitamin D treat-
ment. The patients who had no symptom of
osteoporosis had also no vitamin D treat-
ment. The indication of vitamin D treat-
ment against osteoporosis was determined by
the requirement for preventing the bone frac-
ture and improving the symptoms of lumbago
or neuralgia.

In Group- I, we selected the patients of the
following basal diseases: 7 patients with arr-
hythmia and ischemic heart disease; 6 with
hypertension; 5 with cerebrovascular disease;
1 with acute pyelonephritis; and 2 with
osteoporotic spondylosis deformans. In
Group-1I, all patients had osteoporosis as-

sociated with spondylosis deformans or
osteoarthrosis. This group patients had
other some concomitant diseases in 8 patients
with hypertension; 5 with arrythmia and
valvular or ischemic heart disease; 4 with
cerebrovascular disease or senile demenz,
and 1 with bronchial asthma. In this study,
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: hyperlipidemia,
diabetes mellitus, rheumatic arthritis, and
chronic collagen disease. Furthermore, aor-
tic aneurysm or dissection and the marked
distortion of aorta were excluded. We also
excluded the patients with the long-term
bedridden state due to cerebrovascular dis-
ease or osteoarthrosis; the patients with the
malnutrition after gastrectomy or suffering
from mental anorexia; and the patients under
the treatment of hormonal drug.

The patients in Group- I received continu-
ously or irregularly the medical therapy
against their basal diseases by the drug of
calcium antagonist (nifidepine in 3 patients,
and nicardipine in 2, respectively);
anticoagulant (aspirin 1, dilazep 1, ticlopidine
4, cuwamarine 1); diuretic (furosemide 6);
coronary vasodilator (isosorbite-dinitrate 2,
nicorandil 3); antihypertensive (enalapril 2,
prazosin 2); antiarrhythmic (digitalis 3,
disopyramide 1, inderal 1); and brain meta-
bolic activator or vasodilator (bifemelan 2,
indeloxazine 2, and lisuride 1). Similarly,
Group-1I patients received the medical ther-
apy by calcium antagonist (nicardipine in 7
patients, nifedipine in 4, diltiazem in 2,
manidipine in 1, and verapamil in 1, respec-
tively); diuretic (furosemide 6); anticoagulant
(ticlopidine 5, dilazep 2); coronary vasodilator
(nitroglycerin 1, isosorbite-dinitrate 1); anti-
hypertensive (enalapril 1); antiarrhythmic
(digitalis 6, disopyramide 2); bronchodilator
(theophyllin 1); and brain drug (bifemelan 2,
indeloxazine 2, lisuride 1, and amantazine 1).

Measurement of aortic calcification index
(ACID) in abdominal aorta: 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
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Fig 1. 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 the
rectangular square for zooming. Upper right : Abdominal aorta is magnified by zooming five

folds. Calcification sites in aorta wall appear as a white image.
tion over an optimal CT threshold number represent as a black image.

Lower left : Aortic calcifica-
Lower right : The

area of calcification is hand-manually traced along the outline of calcification.

amplitude 250 mA; slice thickness lcm; slice
interval Ocm; scanning field 30cm; scanning
time 4.5 sec; window level +50; window
width 250; calculation matrix size 320X320
pixelst?.

As shown as Fig. 1, we scanned the rele-
vant abdomen of each patient in a supine
position, and set the region of interest (ROI)
around 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 an optimal CT
threshold number of 115 Hounsfield Unit.
This CT number was determined to produce
an adequate calcification image along the
internal or external margin of aortic wall by
visual inspection. In order to discriminate
more clearly the outline of aortic calcifica-
tion, we developed the binary image over this
CT threshold number in a black color (Fig. 1,
Lower left). By means of handmanually

@ Calcification of Abdominal Aorta

Fig 2. Measurement method for aortic calcifica-
tion index (ACI ; %) of calcification vol-
ume (CV ; arf) to aortic volume (AV ; cnt)
within 10 slices upward over the bifurca-
tion of abdominal aorta.
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tracing the outline individual calcification
sites using a track ball, we calculated their
areas of aortic calcification (Fig. 1, Lower
right). As shown in Fig. 2, we summed up
the calcification volume (CV;er*) by adding
the individual area of calcified sites within 10
slices upward over the bifurcation of abdomi-
nal aorta. On the other hand, we summed up
the aortic volume (AV;er) by adding each
ellipsoidal circle using the maximum and
minimum diameters of external margin of
aortic wall within 10 slices. Subsequently,
we calculate the ACI (%) of CV to AV,
Measurvement of bone wmineval content
(BMC) in lumbar vertebral body: As shown
in Fig. 3, we measured the BMC of vertebral

bodies with the lumbar CT using a calibra-
tion phantom (Chugai Pharmaceutical, B
-MAS) according to the method of Fujii et
al'®. We examined under the same CT scan-
ning conditions as the abdominal aorta'®.
The phantom was attached closely to the
lumbar back of the patient in a supine posi-
tion, and set at an optimal angle of gantry of
CT equipment for scanning a slice as perpen-
dicular as possible to the midplane of the
vertebral body. Thus, both the vertebral
body and the phantom system were scanned
simultaneously (Fig. 3, Upper left). Subse-
quently, we set the ROI in the spongious bone
of the vertebral body using the largest ellip-
soidal circle excluding a cortical bone and a

Fig 3. Measurement method for bone mineral content (BMC) in lumbar vertebral
bodies by quantitative computed tomography (CT) using a calibration phantom.
Upper left : Scanning method on the 2nd, 3rd and 4th vertebral bodies in a

scout view.

Upper right and lower left | Simultaneous scanning method of both the verte-
bral body and the calibration phantom attached closely to the lumbar back.
After setting the five regions of interest (ROIs) on five standard substances of
the phantom, each mean CT value was calculated in each ROI.

Lower right : After setting the ROI on spongious bone in the vertebral body
by the largest ellipsoidal circle, excluding the cortical bone and foramen of
nutrition, the mean CT value was calculated in each ROI from the 2nd to 4th

body.
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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 stan-
dard substances in the phantom by using
round circles, and calculated the mean CT
numbers within the five ROIs (Fig. 3, Upper
right and lower left). Five standard sub-
stances were composed of the following con-
centrations of CaCOs;: 32.31, 80.17, 133.47,
177.03, and 233.66mg/cem, in this order?.
The first regression line was calculated by
the least squares method using both the mean
CT number and the corresponding CaCO,
concentration of each standard substance.
By applying the mean CT number of the
vertebral body to the first regression line,
BMC (mg/cnt) 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 representative BMC for most patients.
In patient with compression fractures or
marked calluses formation complicated of
trabecular microfracture in the 3rd vertebral
body, results of the 2nd or 4th body were used
as a representative BMC. The changes in
BMCs were studied by results of the same
vertebral body between the initial and final
examination. In this study, patients with
severe compression fractures or marked
scoliosis throughout the three vertebral
bodies were excluded.

Thus, we studied the differences of the
ACIs and BMCs between before and after the
vitamin D therapy in Group-II patients, in
comparison with the these differences in
Group- I patients.

Statistics analysis: The statistical signifi-
cance of differences between two groups and
between the initial and final examination was
used by the paired and non-paired Student’s
t-test. Comparison of categorical variables
in frequency was performed by chi-square
test. P value lower than 0.05 was signifi-
cant. The mean value represent as mean+
standard deviation (SD).

Results

ACI: In shown as Table 1, men were
significantly more and less than woman in
Groups-1 and -1II, respectively (p<0.05).
Table 1 and Fig. 4 showed the differences of
ACIs between the initial and final examina-
tion and between Groups- I and II. ACI in
Group- I slightly increased at the mean dif-
ference of +1.8% from 9.2+7.2% to 11.0+
8.5%, but showed no statistical difference.
Similarly, ACI in Group-1I slightly increased
at the mean difference of +2.9% from 9.3+
10.6% to 12.2£12.9%, but showed no signifi-
cant difference between before and after the
vitamin D therapy. Table 1 and Fig. 5
showed the percent changes in ACIs from the
initial to the final examination in each

Table 1. Number of men and women, age, aortic calcification index (ACI), percent
change of ACI, bone mineral content (BMC), and number of patients whose the 2nd
(L2), 3rd (L3) and 4th (L4) vertebral body was used for a representative BMC, in Groups

-I and -1I
Group- I Group-1I P value

Men, Women  (n=) (10, 5) (4, 13) P<0.05
Age (years old) 79.1+ 7.1 75.2+ 6.5 NS
Initial ACI (%) 9.2+ 7.2 9.3+10.6 NS
Final ACI (%) 11.0+ 8.5 12.2+12.9 NS
Percent change of ACI (%) 32.2+47.3 57.8+73.3 NS
Vertebral body (L2,L3,L4) (n=) (1, 13, 1) (2, 10, 5) NS
Initial BMC (mg/ ct) 63.2+40.6 57.8+51.4 NS
Final BMC (mg/cur) 62.41445.4 63.31+44.6 NS
P value of

Initial vs Final ACI NS NS

Initial vs Final BMC NS NS

Values : Mean=+SD ; n=Number of patients ; NS=Not significant.
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~ Fig 5. Comparison of percent changes in aortic
calcification index (ACI) between two
Groups.

patient of Groups-1 and II. This percent
change was larger in Group-1I (57.9+£73.3%)
than in Group- I (32.2+51.7%), but showed
no significant difference between two
Groups.

BMC: Table 1 and Fig. 6 showed the
differences of BMCs between the initial and
final examination and between Groups- I
and -II. As a representative BMC by the
same vertebral body between the initial and
final examination, 1 patient was used by the
2nd lumbar vertebral body, 13 were by the
3rd, and 1 was by the 4th respectively in
Group- I. Correspondingly, 2 by the 2nd, 10
by the 3rd, and 5 by the 4th respectively in
Group-1I (Table 1).

In Group- I, BMC slightly decreased at the
mean difference of -0.8mg/cr from 63.2+
40.6mg/cm to 62.4+45.4mg/cw, but showed

Fig 6. Comparison of changes in bone mineral
content (BMC) between the initial and
final examination in each Group.

no statistical difference. On the other hand,
BMC in Group-1I slightly increased at the
mean difference of +5.5mg/cw from 57.8+
51.4mg/cm* to 63.3+44.6mg/cr?, but showed
no significant difference.

Discussion

Vitamin D: Elderly persons often have
poor dietary nutrition, and they are less like-
ly to have sun exposure with a housebound
lifestyle’*~1%). They also have the decreased
intestinal absoption of vitamin D and the
decreased capacity for dermal biosynthesis of
vitamin D by sunlight ultraviolet
exposure®=1®,  In addition, the reduced
activity of converting enzyme in kidney and
liver with aging causes to the lowered serum
level of biological active form of vitamin D,
1,25(0H),D;'*-'®, The consequence of vita-
min D deficiency with age by these mecha-
nisms contributes to the decreasing in intesti-
nal calcium absorption, and the high inci-
dence of general osteopenia with abnormal
bone mineralization, muscle weakness and
bone fracture. Virtually, the serum level of
vitamin D is significantly less in senile or
postmenopausal osteoporotic patients than in
normal subjects'®!”. The elderly patients
admitted in a hospital or institution also have
the lowered level of serum vitamin D in
proportion to the term of bedridding, even
during short period®. ]

Osteoporosis occurs more frequently in
Japan than in Europe and America'®. A low
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intake of calcium-rich milk product and a
low level of serum vitamin D are major
causes of the Japanese osteoporosis!®. Sup-
plementations of both vitamin D and calcium
are an appropriate therapy in Japan. In the
present study, vitamin D therapy showed no
significant increase in BMC. This result
was compatible to the report of Geusens et
al?. However, the treatment of vitamin D is
clinically effective for preventing the patho-
logical and non-traumatic bone fracture of
senile or postmenopausal osteoporosis in
Japan®.

Vitamin D and atherosclerosis: Excess
supplementation of vitamin D experimentally
increases the serum cholesterol concentra-
tions and the atherosclerotic lesions under
certain condition. Previous reports in mam-
malian animals demostrated that the athero-
sclerotic lesions associated with aortic cal-
cification induced easily in aortic wall by
feeding the cholesterol rich diet with exces-
sive amounts of vitamin D37'®, However,
the influence of vitamin D under the small
dosage of clinical treatment on aortic wall is
unkown in human. Tissue distribution of
vitamin D receptor in rat varies with organs,
such as much in intestine and colon, many in
kidney, skin, or bone, and then a little in
stomach, heart or spleen?”. There is a small
number of vitamin D receptor in cardivas-
cular system?=2®. In the experimental
reports using cultured cells, vitamin D exerts
the growth of aortic endothelial cell®®. On
the other hand, the effect of vitamin D on cell
proliferation of vascular smooth muscle cell
is contraversary. The promoting results
were shown in some reports?*?®, but the in-
hibiting results were demonstrated in other
report?®. After all, it remains unkown in
human whether the pharmacological effect of
small dosage oral vitamin D for clinical treat-
ment involves in preventing or exaggerating
the atherosclerosis.

Aortic  calcification: The present study
showed that there is a tendency to increase in
aortic calcification under vitamin D therapy
Group more than under no vitamin D therapy
Group. Some problems about this result
were considered as follows: 1) The interval
between the initial and final examination of
this study may be too short to detect the

change in calcium deposition on aortic wall.
More longer interval for evaluation of ather-
osclerosis will be required. 2) There was
sex difference between two Groups. In the
elderly, women have a higher incidence of
osteoporosis and a lower incidence of athero-
sclerotic disease than men. It will be
required to match the sex between two
Groups, but will be very difficult. 3) Many
patients received some kinds of calcium
antagonist, which have both an anti-hyper-
tensive and anti-atherosclerotic phar-
macological effects?”, but have no significant
affect on calcium regulating hormone and
calcium homeostasis®®. Calcium antago-
nists may prevent the increasing calcification
induced by vitamin D. However, we could
not withdraw the calcium antagonist for the
basal disease. 4) The direct hemodynamic
effect of vitamin D on cardiovascular system
should be considered. The clinical hypoten-
sive effect of vitamin D was reported in
human?®, and the reduction effect on arterial
resistence and aortic wall thickening by vita-
min D was showed in rat®®. Vitamin D rece-
ptor in rat heart is involving in the secretion
of atrial natriuric peptide and the reduction
of systemic blood pressure®”. However,
other report demonstrated that there was no
relationship between the serum level of vita-
min D and blood pressue in hypertension®?.
The reduction of blood pressure by vitamin D
was not statistically detectable in this study.
5) The patients are exposed to X-ray irradia-
tions by CT examination more than by the
plain film or gamma-ray scintigram. The
major factor of exposing to much irradiation
is the longer scanning time by CT than by
other examinations. CT examination is the
most powerful method to discriminate the
organic calcification or stone from other in
the clinical usage equipments. Notwithstan-
dingly, frequent CT examination within short
period should be avoided.

The results of this study suggest that an
even small dosage but long-term treatment
of vitamin D may aggravate the atheroscle-
rosis. The clinical pharmacological affects
of oral vitamin D on cardiovascular system
will be required to evaluate at a longer inter-
val of at least five years than at an interval of
this study.
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