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Background. Cardiovascular disease is the most common cause of mortality among post-menopausal women. Our objective
was to determine whether or not lateral spine images obtained on a bone densitometer to detect prevalent vertebral fracture
can also accurately detect radiographic abdominal aortic calcification (AAC), an important risk factor for cardiovascular disease
independent of clinical risk factors. Methodology/Principal Findings. One hundred seventy four postmenopausal women
had bone densitometry, lateral spine densitometry imaging (called vertebral fracture assessment, or VFA), and lateral spine
digital radiographs. Radiographs and VFA images were scored for AAC using a previously validated 24 point scale and
a simplified, new 8 point scale (AAC-8). One hundred fifty six (90%) of the VFA images were evaluable for AAC. The non-
parametric intraclass correlation coefficient between VFA and radiographic 24 point and AAC-8 readings, respectively, were
0.80 (95% C.I. 0.68–0.87) and 0.76 (95% C.I. 0.65–0.84). Areas under receiver operating characteristics (ROC) curves for VFA to
detect those with a radiographic 24-point AAC score $5 were 0.86 (95% C.I. 0.77–0.94) using the 24 point scale and 0.84 (95%
C.I. 0.76–0.92) using the AAC-8 scale. Conclusion/Significance. VFA imaging intended to detect prevalent vertebral fracture
can also detect radiographic AAC, an important cardiovascular disease risk factor. Since bone densitometry is recommended
for all women age 65 and older, VFA imaging at the time of bone densitometry offers an opportunity to assess this risk factor in
the post-menopausal female population at very little incremental time and expense.
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INTRODUCTION
Coronary heart disease and stroke, respectively, are the first and

third leading single causes of mortality among elderly women.[1]

Over 60% of women who die of coronary heart disease have no

prior symptoms of the disease.[2] Identification of those at risk of

cardiovascular disease and for whom aggressive preventive measures

should be directed has relied on clinical risk factors such as

hypertension, cigarette smoking, obesity, family history, and diabetes

mellitus.[3] However, 40% of the population is at intermediate risk

when judged by these risk factors, and it is unclear just how

aggressively their modifiable risk factors, such as LDL cholesterol,

should be treated.[4] A variety of imaging studies to detect

subclinical cardiovascular disease, including lateral spine radiogra-

phy, have been proposed to improve identification of those who

would benefit from more aggressive treatment of risk factors such as

LDL cholesterol and blood pressure. Abdominal aortic calcification

scored semi-quantitatively with a 24 point scale on lateral lumbar

spine radiographs is predictive of cardiovascular disease incidence

and mortality independent of other clinical risk factors.[5–8]

Osteoporosis is also a very common condition among elderly

women, and universal bone densitometry is now widely recom-

mended for all women age 65 and older.[9–12] Simultaneous

lateral spine imaging is also recommended for a sizable subset of

the elderly female population to detect prevalent vertebral

fracture, a powerful predictor of subsequent fractures independent

of bone density.[13,14] Since the average age of first myocardial

infarction in women is 70.4 years,[15] detecting sub-clinical

atherosclerosis in the population eligible for bone densitometry

has the potential to allow for better stratification of risk for those at

intermediate risk of cardiovascular disease.

It has recently been shown in a small pilot study that lateral

spine images obtained with X-ray densitometry to detect prevalent

vertebral fracture (VFA) can detect abdominal aortic calcification

(AAC) with reasonably good sensitivity and specificity.[16]

However, in that pilot study only 28% of VFA’s fully contained

the region of the abdominal aorta because the technicians

acquiring the VFA’s were not instructed to include that region.

Also, the radiographs were read on non-digital films rather than

digital electronic radiographic images, and the population was not

specifically selected to be at high risk for prevalent vertebral

fracture.[16]

The aims of the present investigation were to test the hypothesis

that a high percentage of VFA’s would include the abdominal

aorta if the technician was specifically instructed to include this

region during VFA acquisition, and to re-examine how well VFA

images detect AAC relative to lateral abdominal digitized

electronic radiographic images in a larger, new cohort of post-

menopausal women at high risk for vertebral fracture.
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METHODS
This study was funded by Hologic, Inc. (Bedford, MA), and was

approved by the institutional review board of Miami Valley

Hospital in Dayton, Ohio. Informed signed consent was obtained

for all study participants.

Study population
Study subjects eligible to participate were post-menopausal women

age 55 and older who were able to give informed consent for

participation. To select a population at high risk for vertebral

fracture for whom a VFA exam would be indicated in clinical

practice, eligible participants had to have a prevalent vertebral

fracture index (PVFI) of $3, or a PVFI = 2 combined with a femoral

neck T-score of 22.5 or lower. The PVFI is an index of prevalent

vertebral fracture probability, based on age, self-reported fracture

history, diagnosis of osteoporosis, and self-reported height loss.[17]

Those who were non-ambulatory, with a body mass index .35 kg/

m2, or with self-reported scoliosis were excluded.

Five hundred twenty women residing in Dayton, Ohio,

responded to study advertisements, and 509 of these women were

contacted by phone and expressed interest in participation. Initial

screening by phone excluded 307, who did not meet study

inclusion and exclusion criteria. One hundred ninety five came for

an initial study visit and had baseline demographic data collected

and bone densitometry done, but 19 were judged at that point not

to meet the study inclusion criteria. Of the remaining 176, two did

not have lateral lumbar spine radiographs done, leaving 174 study

participants for this report.

Study Procedures
Lateral single-energy (VFA) images of the thoraco-lumbar spine

were obtained on a Hologic Discovery densitometer (Hologic, Inc.,

Bedford, MA) in the lateral decubitus position.

Lateral digital radiographs of the lumbar spine were obtained

on that same day with the beam focused on L3, at a tube to film

distance of 100 cm. The VFA images were scored twice for AAC

by one person (JTS) using the Hologic Physician Viewer software,

first using a 24-point AAC scale (detailed below) and a few days

later using a simplified 8-point scale (AAC-8). One month later,

the digital lateral spine radiographs were assessed twice by that

same person for AAC using Image J software from the National

Institutes of Health,[18] first using the 24 point scale and a few

days later using the 8 point scale while blinded to his previous 24

point scale reading.

To ensure that the reader was blinded to his AAC readings on

the opposite technology, the VFA images and radiographs were

given separate study numbers for each person, and the code

linking those readings to each study participant was withheld from

the reader. Finally, one month after the radiographic readings

were completed, the VFA images were re-read using the AAC-8

scale in order to estimate its intra-observer reliability. The inter-

rater reliability has already been established for the 24-point scale

on VFA in a previous study.[16]

Scoring of AAC
Details of the 24 point AAC scale have been published

elsewhere.[19] Briefly, the anterior and posterior aortic walls were

divided into four segments, corresponding to the areas in front of

the lumbar vertebrae L1–L4. Within each of these 8 segments,

aortic calcification was recognized visually as either a diffuse white

stippling of the aorta extending out to the anterior and/or

posterior aortic walls, or as white linear calcification of the anterior

and/or posterior walls. Aortic calcification scored as 0 if there was

no calcification, as 1 if one-third or less of the aortic wall in that

segment was calcified, as 2 if more than one-third but two-thirds or

less of the aortic wall was calcified, or as 3 if more than two-thirds

of the aortic wall was calcified. The scores were obtained

separately for the anterior and posterior aortic wall, resulting in

a range from 0 to 6 for each vertebral level and 0 to 24 for the total

score.

The AAC-8 scale estimates the total length of calcification of the

anterior and posterior aortic walls in front of vertebrae L1 to L4 as

0 if no calcification is seen, as 1 if the aggregate length of

calcification is equal to the height of one vertebrae or less, 2 if that

length is more than 1 but less than or equal to the heights of two

vertebrae, 3 if that length is more than two but less than or equal

to the heights of three vertebrae, and 4 if the aggregate length of

calcification is more than the height of three vertebrae. Both the

anterior and posterior walls are scored from 0 to 4, and the total

score range is 0 to 8.

Statistical Analysis
All analyses were done using statistical software Stata SE9.

Because the distributions of both 24 point and 8 point AAC scales

are highly skewed, agreement between scores on digital radio-

graphs and VFA images were estimated with the intraclass

correlation coefficient using a non-parametric bootstrap method

with 1,000 repetitions.[20] Since a 24-point AAC scale score of

$5 has been shown previously to be associated with a 2.4 fold

increased risk of cardiovascular disease mortality,[7,8] receiver

operating characteristics (ROC) curve analyses[21] were done to

assess how well the AAC-8 radiographic scores, the 24-point VFA

scores, and the AAC-8 VFA scores identify those with a radio-

graphic AAC-24 point scale score $5. Diagnostic tests with ROC

curve areas between 0.70 and 0.90 relative to a gold standard are

considered to have acceptable predictive accuracy, and those with

ROC curve areas .0.90 are considered to have superb predictive

accuracy.[21] The intra-observer reliability of the AAC-8 scale

VFA score was estimated as the intraclass correlation coefficient

between the two AAC-8 scores on VFA, again using a non-

parametric method.

RESULTS
One hundred fifty six (90%) of the VFAs visualized sufficient space

anterior to the lumbar spine to contain the entire abdominal aorta

(figure 1). The mean age, body mass index, and ethnicity of

participants with both radiographs and VFA images evaluable for

AAC were equivalent to the 39 who did not have evaluable

radiographs or VFA images or who were excluded at their first

study visit (table 1). Those participants with fully evaluable

images for AAC had a significantly higher total hip BMD T-score

and trends for higher T-scores at the femoral neck and lumbar

spine, compared to non-participants.

Histograms of the AAC scores on radiographs and VFA images

showed that from 41% (with the 24-point scale on VFA) to 44%

(with AAC-8 scale on either VFA or radiographs) of the evaluable

participants did not have any detectable AAC (figure 2). Con-

versely, the prevalence of significant atherosclerotic burden, defined

as a radiographic 24-point AAC score of 5 or higher, was 17%.

The intraclass correlation coefficient (ICC) between the 24 point

AAC scores with radiography and VFA was 0.80 (95% C.I. 0.68–

0.87), whereas the ICC between the AAC-8 radiographic and

VFA scores was 0.76 (95% C.I. 0.65–0.84). Considering the 24

point radiographic readings as the ‘‘gold standard’’, receiver

operating characteristics curves showed, as expected, a very high

area under the curve for the radiographic AAC-8 score, with
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modestly lower areas under the curve for the 24 point and AAC-8

readings on VFA images (figure 3). By this criterion, the AAC-8

scale performed as well as the 24 point scale on VFA images in

distinguishing those with a radiographic 24 point scale AAC score

of 5 or higher.

On VFA, AAC-8 and 24-point scale cutpoints, respectively, of

$3 and $5 had the best sensitivity while maintaining specificities

of 95% or higher. An AAC-24 score of 5 or higher on VFA had

a sensitivity and specificity, respectively, of 59% and 97% of

identifying those with a radiographic AAC-24 score of 5 or higher.

The positive and negative predictive values of an AAC-24 score of

5 or higher on VFA for a 24 point score of 5 or higher on

radiographs, respectively, was 85% and 88%. Similarly, an AAC-8

score of 3 or higher had a sensitivity and specificity, respectively, of

62% and 96% of identifying those with a radiographic 24 point

AAC scale score of 5 or higher, with positive and negative

predictive values of 82% and 89%. AAC scores of zero on VFA

with either scale had a negative predictive value of 94% for

a radiographic 24 point AAC score of 5 or higher.

Agreement with a radiographic 24 point AAC score of 5 or

higher was moderate on VFA for both an AAC-8 score of 3 or

higher (kappa 0.63, 95% C.I. 0.55–0.71) and an 24 point scale

score of 5 or higher (kappa 0.62, 95% C.I. 0.55–0.70). The intra-

class correlation between the initial and repeat AAC-8 scores on

VFA was 0.87 (95% C.I. 0.80–0.92).

DISCUSSION
Radiographic AAC has been shown to be significantly predictive

of overall cardiovascular disease incidence and mortality,[8]

coronary heart disease,[7,8] stroke,[5] congestive heart failure,[6]

and intermittent claudication,[22] independent of clinical risk

factors such as blood pressure, total and HDL cholesterol, smoking

Figure 1. Examples of VFA Images with Inadequate Space (Left Panel)
and Adequate Space (Right Panel) Anterior to the Aorta for AAC
Assessment.
doi:10.1371/journal.pone.0000715.g001

Table 1. Baseline characteristics of study population.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Variable
Evaluable AAC
(n = 156)

Non-Evaluable
AAC (n = 39)

Mean Age, years (Standard Deviation) 68.7 (7.9) 68.9 (8.2)

Mean Body Mass Index, kg/m2 (SD) 27.0 (3.9) 27.5 (5.2)

Ethnicity

White 94.8% 91.9%

Black 5.2% 8.1%

Mean Total Hip T-Score* (SD) 20.97 (1.05) 21.37 (0.99)

Mean Femoral Neck T-Score (SD) 21.43 (0.83) 21.64 (0.71)

Mean Lumbar Spine T-Score (SD) 20.74 (1.45) 21.15 (1.75)

*p-value for difference between groups 0.034
doi:10.1371/journal.pone.0000715.t001..
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Figure 2. Frequency Distributions of 24-Point and AAC-8 Scores on Radiographs and VFA Images.
doi:10.1371/journal.pone.0000715.g002
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status, body mass index, and the presence of diabetes mellitus. The

results of this study demonstrate that single-energy lateral spine

imaging on a bone densitometer, intended primarily to detect

individuals with prevalent vertebral fracture, can also reliably

identify those with radiographic AAC, but with far less radiation

exposure than standard radiographs (5 mSv for VFA compared to

600 mSv for lateral spine radiography).[23]

Cardiovascular disease remains the leading cause of mortality

among elderly women, and the strategy of identifying those

requiring more intensive therapy for treatable risk factors (such as

blood pressure and hyperlipidemia) through the use of clinical risk

factors alone is increasingly being viewed as suboptimal.[4,24–26]

Imaging studies such as electron beam computed tomography

(EBCT) or CT coronary angiography are increasingly being used

in addition to clinical risk factors to identify those who are at high

risk of incident coronary heart disease.[27,28] Radiographic AAC

is also highly predictive of coronary artery calcification detected by

EBCT,[27] and is significantly correlated with the presence of

generalized atherosclerotic cardiovascular disease.[27,29]

Bone densitometry is widely recommended for all women age

65 and older.[9–12] Simultaneous lateral spine imaging is now

also recommended for a sizable subset of the elderly female

population to detect prevalent vertebral fracture[13,14] and has

been shown to be cost-effective for that subset.[14] Sufficient soft

tissue is highly likely to be visualized on the VFA image to allow

evaluation for AAC, if the technician obtaining the image is

instructed to include sufficient soft tissue anterior to the lumbar

vertebrae. While AAC is not as predictive of coronary heart disease

as EBCT,[30] the marginal expense and time requirement to obtain

and interpret VFA images for AAC is minimal, particularly if AAC is

scored using the AAC-8 scale which in our experience requires less

than one minute. The intra-rater reliability of the AAC-8 scale,

although slightly lower than what has been reported previously for

the 24 point scale,[19] is still good.

Simultaneously identifying an important cardiovascular disease

risk factor would improve the utility of this technology for this

population even further. Osteoporosis is also associated with

incident cardiovascular disease,[31] and hence delineation of

cardiovascular disease risk may be particularly important for

women referred for bone densitometry. We believe, therefore, that

it is reasonable for those who provide bone densitometry services

with vertebral fracture assessment to instruct their technicians to

attempt to visualize adequate space anterior to the lumbar spine

such that AAC can be assessed.

Regardless of whether or not assessments for AAC are planned,

physicians who order and/or interpret VFA images to detect

prevalent vertebral fracture should be aware of the association

between AAC and incident cardiovascular disease, and not ignore

its presence. In particular, it may be appropriate to review

a patient’s cardiovascular disease risk factor management and

consider whether or not additional coronary artery imaging such

as CT angiography is indicated if their VFA image shows a 24

point scale AAC score of $5 or an AAC-8 score of $3. More

aggressive treatment of modifiable risk factors such as hypercho-

lesterolemia may be indicated for these individuals.

Our study has several important strengths. It is the first study

with a pre-planned aim of assessing the accuracy of AAC detection

on VFA images compared to radiography, a well-established gold

standard technique of AAC detection. This is also the first study to

compare AAC detection on VFA images compared to digital

lateral spine radiographs. Second, the reader of these images with

either scale or technology was blinded to his readings using the

opposite scale and to his readings on the opposite technology.

Thirdly, the study was done in a population at high risk of

vertebral fracture, such that VFA imaging is medically appropri-

ate. Fourth, this is the first study to assess the intra-rater reliability

of the AAC-8 scale.

There are also important limitations to this study. The

prevalence of AAC was lower than expected in our study, which

may reflect healthier individuals being more willing to participate

in this study compared to the post-menopausal female population

at large. Whereas this study implies an indirect association with

prevalent cardiovascular disease, the direct link between AAC on

VFA images and incident cardiovascular disease remains to be

established. These results are applicable only to post-menopausal

women. Finally, densitometric vertebral fracture assessment cur-

rently is covered only in the United States, although if further studies

confirm the utility of this procedure in post-menopausal women,

perhaps more widespread coverage of the procedure will follow.

In summary, VFA imaging with a bone densitometer can

simultaneously detect prevalent vertebral fracture and abdominal

aortic calcification an important cardiovascular disease risk factor.

Since bone densitometry is indicated for all women age 65 and

older, VFA imaging has the potential to contribute to identifica-

tion of sub-clinical cardiovascular disease in the post-menopausal

female population at large. At the least, clinicians should be aware

of the associations between AAC on VFA images and radiographs,

and between radiographic AAC and incident cardiovascular

disease. If significant AAC is noted on a VFA image, follow-up

assessment of the patient’s overall cardiovascular disease risk

management is indicated.
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