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ABSTRACT: The association of spine vBMD with AC and CAC was studied in a biracial cohort of 490
middle-aged women in the Study of Women’s Health Across the Nation. Lower vBMD was related to high AC,
but not to CAC, independent of age and shared risk factors between osteoporosis and cardiovascular disease.

Introduction: This analysis studied the association of spine volumetric BMD (vBMD) with aortic (AC) and
coronary artery (CAC) calcification in middle-aged women and evaluated whether such associations were
independent of age and shared risk factors between osteoporosis and cardiovascular disease (CVD) or ex-
plained by endogenous estradiol levels.

Materials and Methods: Vascular calcification and trabecular vBMD of the spine were measured using
electron-beam CT in 490 women free from clinical CVD in the Study of Women’s Health Across the Nation.
Women were 45-58 years of age, 61% were white, and 64% were perimenopausal. Calcification scores were
categorized into three levels (no AC, N = 146; moderate AC, scores = 1-74, N = 221; high AC, N = 123;
no CAC, N = 256; moderate CAC, score = 1-7.54, N = 111; high CAC, N = 123). The highest categories
were set at the 75th percentiles. Multinomial logistic regression was used to assess the association between
vBMD (per SD) and the AC and CAC levels, with no calcification as the reference group.

Results: AC and CAC were detected in 70% and 48% of the population, respectively. Mean vBMD was 161.6
+ 37.2 (SD) mg/ml. vBMD was associated with high AC in unadjusted, age-adjusted, and risk factor-adjusted
analysis. Per 1 SD decrease in vBMD, the adjusted odds of high AC compared with no AC was significantly
increased by 68% (95% CI, 1.06-2.68). Estradiol did not influence this association. vVBMD was related to high
CAC in unadjusted (OR = 1.35; 95% CI, 1.08-1.70) but not adjusted models. No associations of vBMD with
moderate AC or CAC were observed.

Conclusion: Lower vBMD was related to high AC, but not to CAC, in a biracial cohort of healthy middle-aged
women independent of age and shared risk factors between osteoporosis and CVD. Further research should
study possible pathophysiological links between the two conditions and the potential for common preventive
and therapeutic interventions.
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INTRODUCTION

CARDIOVASCULAR DISEASE (CVD) and osteoporosis are
common age-related conditions. Mounting biologi-
cal"® and epidemiologic evidence supports a link between
the two diseases. In both cross-sectional and longitudinal
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epidemiologic studies, low bone mass has been related to
increased cardiovascular mortality,”~'? cardiovascular
morbidity,">~'*> and subclinical markers of atherosclerosis,
including vascular calcification.®°=" Cross-sectionally, a
negative association was observed between BMD and cal-
cification of the aorta (AC)?°?'** and coronary arteries
(CAC).®® Similarly, the presence of AC was associated
with a higher prevalence and number of vertebral and hip
fractures.®” The progression of aortic calcification was also
linked to trabecular BMD loss at the spine in white post-
menopausal women®” and to metacarpal bone loss in
women in the Framingham study®® and in a Dutch popu-
lation-based longitudinal study.*®

Several hypotheses have been proposed to explain the
association between CVD and osteoporosis including (1)
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their age-related independent progression, (2) the presence
of shared risk factors (such as smoking and physical inac-
tivity), (3) the presence of common pathophysiological
mechanisms that could lead to the development of both
conditions and that may involve endogenous hormones or
inflammatory cytokines, and (4) a cause—effect relationship
whereby one condition may be leading to the other. For
instance, atherosclerosis, by reducing blood flow to the
lower extremities, could alter bone metabolism in the hip
and result in osteoporosis.

Although several lines of evidence suggest a link between
CVD and osteoporosis, the nature of this link and the
mechanisms involved are still not clearly elucidated. Re-
ports on this association focused mostly on white post-
menopausal women and less is known about the presence
of such relationships in younger women and in other ethnic
groups. Furthermore, the majority of previous studies did
not use state-of-the-art assessments of vascular calcification
and BMD, such as CT technology. CT allows for a graded
quantification of vascular calcification, and a 3D volumetric
determination of BMD that adjusts for bone size and is
unaffected by the presence of extraosseous calcification.
Additionally, although estrogen deficiency was suggested as
a common denominator in the association between osteo-
porosis and CVD,#>2*32) g our knowledge, no study has
actually explored the role of endogenous estrogen.

The aims of this analysis were to evaluate the association
of spine volumetric BMD (vBMD) with vascular calcifica-
tion of the aorta and coronary arteries, all determined using
electron-beam CT (EBCT), in a biracial cohort of middle-
aged women and to study whether such associations were
(1) independent of age, (2) independent of shared risk fac-
tors between osteoporosis and CVD, or (3) explained by
endogenous estradiol levels.

MATERIALS AND METHODS
Subjects

This analysis used data from the baseline assessment of
an ancillary study of subclinical atherosclerosis in the Study
of Women’s Health Across the Nation (SWAN). SWAN is
a multicenter, multiethnic, longitudinal study designed to
characterize the biological and psychosocial changes that
occur during the menopausal transition in a community-
based cohort. Details of the study design and recruitment
have been previously published.*® Briefly, SWAN is being
conducted at seven sites: Boston, MA, Chicago, IL, Detroit,
MI, Los Angeles, CA, Newark, NJ, Pittsburgh, PA, and
Oakland, CA. A total of 3302 women 42-52 years of age
were enrolled from 1996 to 1997. At the time of enrollment,
women had an intact uterus and at least one ovary and were
not pregnant or breast feeding. All participants were still
menstruating, and women who used oral contraceptives or
hormone replacement in the prior 3 months were excluded.
Women were followed up annually and evaluated for a
wide array of physiologic, physical, behavioral, and psycho-
logical measures.

The subclinical disease evaluation (SWAN Heart) was
performed at the Pittsburgh and Chicago study sites.
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SWAN participants at their fourth, fifth, sixth, or seventh
follow-up visits were eligible for this ancillary study if they
had a carotid ultrasound scan in conjunction with a previous
SWAN visit. If they did not have a baseline carotid scan,
women were eligible if they had no history of CVD (includ-
ing angina, myocardial infarction, congestive heart failure,
stroke, transient ischemic attacks, coronary revasculariza-
tion, peripheral vascular surgery, or endarterectomy), were
not taking exogenous hormones in the past 3 months, were
not taking medications for diabetes at the time of screening,
and had no hysterectomy and/or bilateral oophorectomy. A
total of 608 women were enrolled in this ancillary study.
They underwent a battery of measures to identify subclini-
cal cardiovascular disease including vascular calcification of
the aorta and coronary arteries, in addition to an evaluation
of volumetric BMD of the spine.

This analysis included 490 women (189 black and 301
white). Women were excluded for one or more of the fol-
lowing conditions: had history of clinical CVD (N = 2),
were hormone users (N = 69), had surgical menopause
(N = 11), or did not have vBMD or vascular calcification
measures (N = 41). None of the women had treated dia-
betes.

The SWAN study was approved by the institutional re-
view boards of the participating institutions and all women
signed informed consent before participation.

Aortic and coronary calcification

Subjects underwent EBCT for quantification of calcifica-
tion in the coronary arteries and aorta. An Imatron C-150
Ultrafast CT Scanner (Imatron, San Francisco, CA, USA)
was used. Three scans were performed. The first was a
scout pass that allowed an evaluation of the patient’s
anatomy so that landmarks for the coronary and aortic
scans could be identified. The second scan was for the coro-
nary arteries in which 30-40 contiguous 3-mm-thick trans-
verse images were obtained from the level of the aortic root
to the apex of the heart. Images were obtained during a
maximal breath hold using ECG triggering so that each
100-ms exposure was obtained during the same phase of the
cardiac cycle (60% of R-R interval). The third scan was for
the aortic evaluation. The scanner was set to acquire images
from the aortic arch to the iliac bifurcation and cross-
sectional 6-mm images were taken with a 300-ms exposure
time. All scan data were saved to an optical disc. The ra-
diation exposure was 0.783 rads for the coronary scan and
2.45 rads for the aortic scan. Readings of coronary and
aortic calcification were done centrally in Pittsburgh using a
DICOM workstation and software by Aculmage (South
San Francisco, CA, USA). This software program imple-
ments the widely accepted Agatston scoring method. Coro-
nary artery and aortic calcium lesions were considered to be
present when three contiguous pixels >130 Hounsfield units
were detected overlying the vessels of interest. Scoring re-
sulted in a total calcium score as well as a total number of
calcifications. The coronary calcification score was obtained
from the sum of the individual scores for the four major
epicardial coronary arteries. Aortic calcification produced
one score. Image analysis was performed by a single phy-
sician trained in EBCT to guarantee consistency.
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Volumetric BMD

Trabecular volumetric BMD of the spine was determined
from the aortic CT scan using an Imatron C-150 Ultrafast
CT Scanner (Imatron, San Francisco, CA, USA) and Mind-
ways data acquisition software, calibration phantom, and
patient phantom (Mindways Software, Austin, TX, USA).
BMD measurements (mg/ml) were acquired from single-
slice cross-sectional images at the level of L, L,, and Lg
vertebral bodies. An average of the three BMD values was
obtained. Quality control measures were performed at both
study sites including weekly scanning of the calibration
phantom and the use of identical scan protocols for all par-
ticipants. BMD readings were done centrally at the Univer-
sity of Pittsburgh.

Potential confounders

Covariates were obtained from the SWAN follow-up
visit that corresponds to the SWAN Heart baseline assess-
ment (i.e., fourth, fifth, sixth, or seventh follow-up visits).
Variables such as lipids, glucose, and insulin levels and
physical activity were obtained from the baseline SWAN
visit because they were not available for all follow-up
SWAN visits that concurred with the baseline SWAN
Heart assessment. Sociodemographic factors (age, race,
study site, education), smoking history, alcohol consump-
tion, and physical activity were determined using either an
interview-administered or a self-administered question-
naire. Physical activity was assessed using an adaptation of
the Baecke questionnaire.* This self-reported instrument
assesses physical activity in different domains including
sports, household, and daily routine on the basis of fre-
quency, intensity, and duration of the activity. Scores for
each domain were calculated as the average responses to
questions about various activities and ranged from 1 (low-
est) to 5 (highest). A total physical activity score was cal-
culated as the sum of the individual scores. Menopause
status was determined using self-reported bleeding patterns
and categorized as premenopause (a menstrual period
within the past 3 months with no change in regularity), early
perimenopause (a menstrual period within the past 3
months but with a self-reported change in cycles), late peri-
menopause (no menstrual bleeding for at least 3 months
but no more than 12 months), and postmenopause (no
menstrual bleeding for at least 12 months). Blood pressure
was measured in the right arm using a standard mercury
sphygmomanometer, with the participant seated after at
least 5 minutes of rest. Three sequential blood pressure
values were completed, and the final two were averaged.
Weight and height were measured without shoes and with
participants wearing light clothing. Portable scales were
calibrated weekly, and stationary clinic devices were cali-
brated monthly. Body mass index was calculated as weight
(kg) divided by height squared (m?). Hypertension was de-
fined based on a self-report of a physician’s diagnosis of the
condition. Standard cardiovascular risk factors were as-
sayed at the Medical Research Laboratories (Lexington,
KY, USA), which is certified by the National Heart Lung
and Blood Institute, Centers for Disease Control Part III
program. Lipids were analyzed on EDTA-treated plasma.
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Total cholesterol and triglyceride levels were analyzed by
enzymatic methods on a Hitachi747 analyzer (Boehringer
Mannheim Diagnostics, Indianapolis, IN, USA). High-
density lipoprotein (HDL) was isolated using heparin-2M
manganese chloride. Low-density lipoprotein (LDL) cho-
lesterol was calculated using the Friedewald equation.®>
Serum insulin was measured using a radioimmunoassay
(RIA; DPC Coat-a-count, Los Angeles, CA, USA) proce-
dure. Glucose was measured using a hexokinase-coupled
reaction (Boehringer Mannheim Diagnostics). The estra-
diol (E2) assay was conducted at the University of Michigan
SWAN Endocrine Laboratory with an ACS-180 automated
analyzer (Bayer Diagnostics Corp., Tarrytown, NY, USA)
using a double-antibody chemiluminescent immunoassay
with a solid phase anti-IgG immunoglobulin conjugated to
paramagnetic particles, anti-ligand antibody, and competi-
tive ligand labeled with dimethylacridinium ester (DMAE).
E2 concentrations were measured with a modified rabbit
anti-E2-6 ACS-180 immunoassay with increased sensitivity
and a lower limit of detection of 1.0 pg/ml. Duplicate E2
assays were conducted with results reported as the arith-
metic mean for each subject, with a CV of 3-12%.

Data analysis

In this analysis, AC and CAC measures were treated as
categorical rather than continuous variables because of
their skewness and the large proportion of zero scores
(29.8% and 52.2% of the population had zero scores for AC
and CAC, respectively). Aortic calcification (range: 02810,
median = 13) was categorized into three levels as follows:
no AC (0 score), moderate AC (scores between 1 and 74),
and high AC (scores = 75). Similarly, coronary calcification
(range: 0-311.4, median = 0) was categorized into no CAC
(0 score), moderate CAC (1-7.54), and high CAC (=7.55).
The highest categories for both AC and CAC were set at
the 75th percentile of the variable. Baseline characteristics
of women in the different AC groups were compared using
x° test for categorical variables and either ANOVA or
Kruskal-Wallis test for continuous data. The difference in
mean vVBMD among the three AC groups was tested using
ANOVA, and a test for linear trend was performed. Mul-
tinomial logistic regression was used to assess the associa-
tion between vBMD, expressed as SD scores (calculated as
the deviation from the mean of vBMD divided by the SD of
vBMD), and the three AC groups. No AC was considered
the reference group. This regression approach was used
instead of ordinal logistic regression because the assump-
tion of proportional odds was not met. Unadjusted, age-
adjusted, and risk factor-adjusted models were performed.
Covariates were selected for entry into the multiple regres-
sion model if they were associated with both vBMD and
AC in univariate analyses, using a 0.15 level of significance.
The effect of estradiol on the association between vBMD
and AC was tested by introducing this variable into the
adjusted regression model. Potential racial differences in
the relationship of vBMD with AC were tested by entering
a product term for race and vBMD in the multiple multi-
nomial logistic regression model. Associations between
vBMD and AC levels were presented as unadjusted, age-
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TABLE 1. PARTICIPANTS CHARACTERISTICS [ %, MEAN + SD, OrR MEDIAN (IQR)] BY AC LEVELS, THE SWAN STUDY

No AC Moderate AC High AC
(score = 0) (score = 1-74) (score = 75)
(N = 146) (N=221) (N =123) P

Age (years) 493 +2.6 50.1+2.9 50.7 £2.8 <0.0001
Percent black 30 44 39 0.03
Menopause status 0.10

Percent premenopause 9.9 12.0 6.6

Percent early perimenopause 62.1 49.0 49.1

Percent late perimenopause 6.8 13.0 13.2

Percent postmenopause 21.2 26.0 31.1
Percent current smoker 10.2 11.6 29.7 <0.0001
Percent hypertensive 8.3 13.2 18.8 0.04
Physical activity score 8.4 (7.3,9.6) 7.9 (6.8,9.2) 7.6 (6.7, 8.8) 0.008
Weight (kg) 65.6 £8.5 81.9 +14.4 87.9£23.0 <0.0001
Height (cm) 162.5+5.8 164.1 + 6.4 164.7 +5.7 0.005
Cholesterol (mg/dl) 1792 +29.9 1943 +32.9 205.0 £37.4 <0.0001
LDL (mg/dl) 102.4 +27.0 118.9 +28.8 127.2 +34.1 <0.0001
HDL (mg/dl) 60.0 = 14.4 542 +12.9 525+143 <0.0001
Triglyceride (mg/dl)* 76.5 (59.5, 98.0) 91.5 (66.0, 125.0) 105.5 (78.0, 154.0) <0.0001
Glucose (mg/dl)* 88.0 (83.5,93.0) 91.0 (86.0, 99.0) 92.0 (86.0, 100.0) <0.0001
Insulin (uIU/ml)* 6.8(5.4,9.3) 8.8 (6.8, 14.0) 11.0 (7.7, 16.1) <0.0001
DBP (mmHg) 74.1+£9.6 76.6 £9.7 77.0 £10.4 0.02
SBP (mmHg) 114.5 +14.8 119.9 +15.5 124.0 +18.1 <0.0001
Estradiol level (pg/ml)* 35.1 (17.5,106.9) 30.2 (15.8, 67.0) 27.3 (17.8, 68.6) 0.34
vBMD (mg/ml) 167.2 +37.0 1652 +37.2 148.6 +34.7 <0.0001
BMD T score -0.05+1.42 -0.12 +1.43 -0.76 +1.34 <0.0001

* Medians, IQR, and p value from Kruskal-Wallis test are reported because of the skewed distribution of the variable.

adjusted, and risk factors—adjusted ORs and 95% ClIs per 1
SD decrease in vBMD. The same analytical approach was
followed for CAC. In both AC and CAC models, no sig-
nificant interactions between race and BMD were ob-
served; therefore, no race-specific analyses were per-
formed. Data were analyzed using SAS version 8.01 (SAS
Institute, Cary, NC, USA). Multinomial regression models
were fitted using the CATMOD procedure in SAS.

RESULTS
Participant characteristics

Seventy percent (N = 344) of the population (66% of
white and 77% of black women) had AC, defined as an
aortic calcium score > 0, whereas 48% (N = 234) had CAC
(41.9% of whites and 57.1% of blacks), defined as a total
coronary calcium score > 0. Calcification of the aorta and
coronary arteries occurred concurrently in 60% of the
women (42% of those with AC had CAC and 88% of
women with CAC had AC). The average BMD was 161.6 +
37.2 (SD) mg/ml, and the mean T score was 0.26 + 1.43. By
WHO criteria, 4.7% of the cohort had osteoporosis (T
score < —2.5), and 26.3% had low bone mass (T score be-
tween —2.5 and —1). Participants with high AC were older,
heavier, less physically active, and more likely to be post-
menopausal, smokers, and hypertensive compared with
those with moderate or no AC. A significant decrease in
HDL and increase in cholesterol, triglyceride, LDL, glu-
cose, insulin, and systolic and diastolic blood pressure were
observed with increasing AC levels (Table 1).

Similarly, participants with high CAC were older, heavi-

er, and more likely to be hypertensive than those with mod-
erate or no CAC. A significant increase in lipid levels,
blood pressure, glucose, and insulin and a decrease in HDL
and estradiol were observed with increasing CAC levels
(Table 2).

AC and vBMD

There was a significant trend for decreasing vBMD with
increasing AC levels (p for trend < 0.0001). In unadjusted
logistic regression analysis, lower vBMD was found to be
associated with increased odds for high AC. Per 1 SD de-
crease in vBMD, the odds of high AC compared with no
AC was significantly increased by 73% (OR = 1.73; 95%
CI, 1.33-2.25). This association remained significant after
adjusting for age (OR = 1.54, 95% CI, 1.17-2.03) and
shared covariates between vBMD and AC (OR = 1.68;
95% CI, 1.06-2.68). On the other hand, no significant rela-
tionship was observed between vBMD and moderate AC in
unadjusted or adjusted analyses (Table 3).

We tested the effect of estradiol on the association be-
tween BMD and high AC. Estradiol did not show a signifi-
cant association with AC (Table 1) but was positively and
significantly associated with vBMD (Spearman correla-
tion = 0.26; p < 0.0001). When estradiol was included in the
model, the adjusted OR for high AC per 1 SD decrease in
vBMD was only slightly reduced from 1.67 (95% CI, 1.05-
2.67, based on a sample of 347 women with nonmissing
estradiol levels; p = 0.03) to 1.62 (95% CI, 1.00-2.61; N =
347).
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TABLE 2. PARTICIPANTS CHARACTERISTICS [%, MEAN + SD, OR MEDIAN (IQR)] BY CAC LEVELS, THE SWAN STUDY
No CAC Moderate CAC High CAC
(score = 0) (score = 1-7.54) (score = 7.55)
(N =256) (N=111) (N =123) P
Age (years) 49.6 £2.7 50.2+3.1 50.9 £2.6 <0.0001
Percent black 31.6 46.0 46.3 0.004
Menopause status 0.11
Percent premenopause 11.1 10.9 7.2
Percent early perimenopause 55.6 554 45.0
Percent late perimenopause 9.8 139 11.7
Percent postmenopause 235 19.8 36.0
Percent current smoker 17.3 11.2 16.8 0.36
Percent hypertensive 7.0 16.7 22.3 0.0001
Physical activity score 8.3(7.2,9.5) 7.6 (6.9, 9.0) 7.7 (6.6, 8.9) 0.01
Weight (kg) 68.7+11.2 852+ 144 93.0 £20.0 <0.0001
Height (cm) 163.2 +6.0 163.8 + 6.3 164.9 + 6.0 0.02
Cholesterol (mg/dl) 185.9 +30.1 193.4 +36.7 205.5+37.8 <0.0001
LDL (mg/dl) 109.6 +27.9 118.0 +33.0 127.5 +32.6 <0.0001
HDL (mg/dl) 58.0£14.5 533+135 522 +12.6 0.0002
Triglyceride (mg/dl)* 79.0 (61.0, 108.0) 92.0 (68.0, 127.0) 107.0 (78.0, 164.0) <0.0001
Glucose (mg/dl)* 88.0 (84.0, 94.0) 92.0 (87.0,99.0) 94.0 (88.0, 101.0) <0.0001
Insulin (uIU/ml)* 6.9(5.3,9.4) 10.3 (7.7, 13.6) 11.6 (7.8,17.3) <0.0001
DBP (mmHg) 73.3+9.0 78.1+9.9 79.6 £10.2 <0.0001
SBP (mmHg) 114.4 +13.6 123.1 +16.0 126.3 +18.5 <0.0001
Estradiol level (pg/ml)* 42.4 (17.5,102.6) 27.6 (16.4, 63.0) 23.1(14.4,41.9) 0.0007
vBMD (mg/ml) 163.8 +37.1 166.1 +37.3 153.1 +36.4 0.01
BMD T score -0.18 +1.43 -0.09 + 1.43 -0.59+14 0.009

* Medians, IQR, and p value from Kruskal-Wallis test are reported because of the skewed distribution of the variable.

CAC and vBMD

Participants with high CAC had the lowest vBMD (p for
trend = 0.009). In unadjusted regression analysis, VBMD
was significantly associated with high CAC (OR = 1.35;
95% CI, 1.08-1.70). However, controlling for age reduced
the strength of this association and rendered it nonsignifi-
cant (OR = 1.19; 95% CI, 0.94-1.51). Additional adjust-
ment for shared covariates between BMD and CAC did
not affect the strength or significance of the relationship
(OR = 1.19; 95% CI, 0.81-1.74). No association between

BMD and moderate CAC was observed in unadjusted, age-
adjusted, or risk factor-adjusted models (Table 3).

Lower estradiol was found to be significantly associated
with higher CAC levels in univariate (Table 2) but not in
adjusted analysis. The addition of estradiol to the model
had no effect on the association between vBMD and CAC
levels. For instance, the adjusted OR for high CAC per 1
SD decrease in vBMD changed from 1.24 (95% CI, 0.83-
1.86, based on a sample of 375 women with nonmissing
estradiol levels) to 1.21 (95% CI, 0.81-1.82; N = 375).

TABLE 3. RESULTS OF THE MULTINOMIAL LOGISTIC REGRESSION MODELS FOR AC AND CAC. UNADJUSTED, AGE-ADJUSTED, AND
Risk FACTOR-ADJUSTED ORs (95% CI) PER 1 SD* DECREASE IN VBMD

AC level CAC level
No AC Moderate AC High AC No CAC Moderate CAC High CAC
(0) (1-74) (=75) (0) (1-7.54) (=7.55)
vBMD (unadjusted) 1.00 1.05 (0.86, 1.30) 1.73% (1.33,2.25) 1.00 0.94 (0.75,1.17) 1.35% (1.08, 1.70)
146 221 123 256 111 123
vBMD (adjusted for age) 1.00 0.98 (0.78,1.22) 1.54% (1.17,2.03) 1.00 0.88 (0.70, 1.10) 1.19 (0.94, 1.51)
146 221 123 256 111 123
vBMD (adjusted for age 1.00 1.33 (0.93, 1.90) 1.68% (1.06, 2.68) 1.00 1.09 (0.77,1.53) 1.19 (0.81, 1.74)
+ shared risk factors)® 109 171 84 211 91 98

Values are ORs and N or ORs (95% CI) and N.
*vBMD SD = 37.2 mg/ml.

* AC model: adjusted for age, race, study site, menopause status, educational level, smoking status, physical activity score, weight, height, diastolic blood
pressure, LDL, and triglyceride level. CAC model: adjusted for age, race, study site, menopause status, alcohol drinking, physical activity score, weight,

height, diastolic blood pressure, LDL, and triglyceride level.
*p < 0.0001.
§p <0.01.
1p <0.05.
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DISCUSSION

In this cross-sectional analysis performed in a biracial
cohort of women during the menopause transition, lower
trabecular BMD of the spine was significantly associated
with higher AC levels. This association was not age related,
was independent of shared risk factors between BMD and
AC, and was not influenced by estradiol. Additionally,
lower vBMD was associated with high CAC levels; how-
ever, this relationship was not significant after adjusting for
age.

Our results on the association of BMD with AC confirm
prior cross-sectional and longitudinal findings and extend
them to a younger cohort of white and African-American
women who were predominantly peri- or premenopausal.
Schulz et al.?” observed that the presence of EBCT-
determined AC was associated with lower BMD and higher
prevalence of vertebral and hip fractures in white post-
menopausal women. In a cohort of Danish postmenopausal
women, Tanko et al.®? reported a negative correlation be-
tween hip BMD and radiographically determined AC,
which was independent of age and common risk factors.
Other longitudinal studies associated the progression of AC
to a higher degree of bone loss.**?*?* On the other hand,
other reports failed to observe an association between
BMD and AC.C%3%

Traditionally, osteoporosis and atherosclerosis were con-
sidered unrelated, and their coexistence was attributed to
independent age-related processes.**~® Mounting biologi-
cal observations'’ and epidemiologic evidence from this
study and others”’" suggest a link between the two con-
ditions that is independent of age. Laboratory studies indi-
cate that atherosclerotic calcification and bone calcification
share a number of common features. It is now considered
that the arterial tissue is calcified in a highly regulated and
organized process by mechanisms similar to those involved
in bone mineralization.'**> Hydroxyapatite, a mineral that
is present in bones, is also found in calcium deposits of
atherosclerotic plaques.® In addition, calcified plaques ex-
press several bone matrix proteins such as GLA protein,
bone morphogenetic protein-2, osteopontin, osteocalcin,
and collagen 1.9

Several hypotheses have been proposed to explain the
link between osteoporosis and atherosclerosis. The coexist-
ence of the two conditions was attributed to their shared
etiological factors (such as smoking, physical inactivity, al-
cohol intake, hypertension, etc.), which may simultaneously
promote atherosclerosis and bone demineralization. In our
analysis, the observed inverse association between vBMD
and AC, a marker of subclinical atherosclerosis, was pres-
ent after controlling for age, ethnicity, and other common
etiological factors such as weight, physical inactivity, blood
pressure, and lipids. Estrogen deficiency was implicated in
the progression of the two conditions. It has been identified
as the major determinant of age-related bone loss in women
and men.“*") Despite recent evidence from randomized,
placebo-controlled trials on the adverse effects or lack of
effects of hormone replacement therapy (HRT) on CVD
outcomes,“>* endogenous estrogen is known to have pro-
tective effects on the cardiovascular system in women,*¥
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either directly or through the modulation of other factors
including cytokines, oxidized lipids, and endothelial NO
synthase (eNOS).®>* A beneficial effect of estrogen use
on arterial calcification has also been suggested by some
studies.®®*> In our analysis, estradiol was positively corre-
lated with vBMD; however, it was not associated with the
extent of AC. Adding estradiol to the model minimally
reduced the strength of the association between BMD and
AC. This suggests that estrogen deficiency was not a major
player in this association. Other factors including inflam-
matory markers,'*?* oxidized lipids,*® imbalances in the
calciferol endocrine system,*” vitamin K deficiency,“*® or
genetic factors™”) may be involved in this relationship.

We observed an association between BMD and CAC in
unadjusted analysis; however, this association became not
significant after controlling for age. These results are con-
sistent with those reported by Sinnott et al.*® in a popu-
lation of postmenopausal women. However, in another
population of white postmenopausal women free from
CAD, a negative correlation between CAC and BMD of
the hip was observed, and women with lumbar spine osteo-
porosis had a significantly higher CAC score than con-
trols.®® The extent of CAC in our population was lower
than that reported in other studies. Only 2.4% (N = 12) of
this cohort had CAC scores = 100 (which correlate with
moderate to severe plaque burden®”) compared with
12.4% in the Healthy Women Study.®® Therefore, it is
possible that we did not observe an association between
BMD and CAC owing to the fact that our young cohort has
not yet developed extensive CAC.

Our study has several strengths. The associations were
studied in a well-characterized biracial cohort of middle-
aged women who were free from clinical CVD, and they
were adjusted for a comprehensive set of shared risk factors
for osteoporosis and vascular calcification. We also used CT
to simultaneously assess BMD and vascular calcification of
the aorta and coronary arteries. CT technology allows for a
3D volumetric determination of BMD, an assessment of
purely trabecular bone, and a graded quantification of vas-
cular calcification. In the existing literature, vascular calci-
fication was mostly assessed using conventional radiogra-
phy, 217233638 with low sensitivity for the detection of
small calcium deposits. Similarly, in a large number of stud-
ies, bone mass was determined using radiographic tech-
niques, single X-ray absorptiometry, and single-photon
or dual-photon absorptiometry.(8-10:16:18.22.23.28.30.38)
Some studies have used DXA in bone determina-
tion(7,]1,13—15,17,19,21,25—27,29,31,36,37); hOWeVer, thlS prOjeC—
tional technique is limited by its 2D areal assessment of
BMD, which does not adjust for bone size. DXA is also
affected by the presence of extraosseous calcification such
as aortic calcification and degenerative osteoarthritic
changes.

The main limitation of this study is its cross-sectional
nature, which does not allow the evaluation of a causal
association between vascular calcification and low BMD
and the elucidation of common mechanisms involved in the
pathogenesis of both conditions. Additionally, our cohort
included healthy middle-aged women, which may limit the
generalizability of the results to other populations.
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In conclusion, our results provide further evidence for an
association between BMD and AC in women that is inde-
pendent of age and shared risk factors. However, establish-
ing a link between bone demineralization and vascular cal-
cification requires more longitudinal evidence and further
study into common pathophysiological mechanisms for the
two conditions. Once confirmed, such association may lead
to the early identification of subjects at risk for CVD and/or
osteoporosis and to the potential for common preventive
and therapeutic interventions that target both conditions.
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