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Abstract

Micro-Abstract Osteoporosis and atherosclerosis frequently occur in the same individuals and may

share similar pathogenic mechanisms. This study examined the relation between severity of aortic

calcification in middle-age years and subsequent risk of hip fracture in women and men in the

population-based Framingham Study.

Introduction—We assessed vascular calcification in women and men in middle-age and risk of hip

fracture at advanced age.

Methods—Participants included 2499 Framingham cohort members (mean age, 61 years; range,

47 to 80 years). Semi-quantitative methods were used to determine severity of abdominal aortic

calcification on baseline radiographs. Information on potential confounding factors was obtained

from study examinations conducted at, or prior to, baseline radiography. Hip fractures were

ascertained by active surveillance and confirmed by medical records.

Results—35-year cumulative incidence of hip fracture was 16% in women and 5% in men with

prevalent aortic calcification at baseline (score 1+), and 14% in women and 4% in men without aortic

calcification (score 0). Hazard ratios (HRs) and 95% confidence intervals (CIs) for hip fracture did

not increase from the lowest to the highest category of aortic calcification. HRs were 1.0, 1.2 (95%

Corresponding Author Elizabeth J. Samelson, PhD, Institute for Aging Research, Hebrew SeniorLife, 1200 Centre Street, Boston, MA
02131, Phone: 617 363 8658, Fax: 617 363 8936, Email: samelson@hrca.harvard.edu.

Publisher's Disclaimer: All authored papers and editorial news and comments, opinions, findings, conclusions or recommendations in

JBMR WebFirst papers are those of the author(s) and do not necessarily reflect the views of the JBMR and its publisher, nor does their

publication imply any endorsement. No responsibility is assumed, and responsibility is hereby disclaimed, by the American Society for

Bone and Mineral Research and the Journal of Bone and Mineral Research for any injury and/or damage to persons or property as a

matter of products liability, negligence or otherwise, or from any use or operation of methods, products, instructions or ideas presented

in these articles. Independent verification of diagnosis and drug dosages should be made. Discussions, views and recommendations as

to medical procedures, choice of drugs and drug dosages are the responsibility of the authors. JBMR WebFirst papers have been peer-

reviewed, however the articles have not gone through the copyediting process. Papers will not appear in JBMR style and format until the

final print and online version is available. The WebFirst publication date is the official date of publication for each paper. There will be

minor changes made to the WebFirst paper in the copyediting process, however no scientific content will be changed. The final paper

published in the print Journal and on JBMR Online will not change in scientific content, only in presentation and to adhere to JBMR

style.

Conflict of Interest: The authors state that they have no conflicts of interest.

NIH Public Access
Author Manuscript
J Bone Miner Res. Author manuscript; available in PMC 2009 September 22.

Published in final edited form as:

J Bone Miner Res. 2007 September ; 22(9): 1449–1454. doi:10.1359/jbmr.070519.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



CI=0.9-1.8), 1.2 (0.7-1.9), 1.1 (0.7-1.7), and 1.4 (0.8-2.3) in women (p for trend=0.44) and 1.0, 1.8

(0.8-3.8), 1.8 (0.7-4.6), 1.5 (0.6-3.9), and 1.2 (0.2-5.7) in men (p for trend=0.29), for aortic

calcification scores 0 (reference), 1-4, 4-5, 6-10, 11+, respectively. However, aortic calcification

score was strongly associated with increased risk of death (p for trend < 0.0001 in women and men).

HRs (95% CIs) for mortality from the lowest to highest aortic calcification score were 1.0, 1.6

(1.4-1.9), 1.7 (1.4-2.1), 1.8 (1.5-2.2), and 2.1 (1.7-2.6), and for men were 1.0, 1.4 (1.1-1.6), 1.4

(1.2-1.8), 1.6 (1.3-2.0), 1.9 (1.5-2.5).

Conclusions—Vascular calcification in middle-aged adults does not increase long-term hip

fracture risk.
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Introduction

Osteoporosis and atherosclerosis are both highly prevalent conditions causing major morbidity,

mortality, and medical costs in the western world. Moreover, the magnitude of the impact of

these chronic conditions will only increase as both the number and relative proportion of elderly

persons in the population rise. Evidence for a shared pathogenesis between osteoporosis and

atherosclerosis is emerging from both basic and clinical research. Although the

pathophysiological mechanisms are not yet established, numerous factors are implicated

including regulators of bone turnover, inflammatory cytokines, homocysteine, oxidized lipids,

osteoprotegerin and the RANK ligand system, sex steroids, vitamin D, vitamin K, and others.

(1-10) Knockout mice with deletions of matrix gla protein, Smad6, Klotho, osteopontin,

osteoprotegerin or RANKL, and other genes develop both osteoporosis and vascular

calcification, however, these findings in animals are not directly applicable to humans.(11)

In population-based cohort studies, postmenopausal women with the greatest bone loss have

the greatest progression of aortic calcification, and those with lower bone mass have greater

incidence of coronary heart disease compared to those with greater bone mass.(12-14) Women

with low bone mineral density, increased bone loss, and vertebral fracture are also observed

to have increased mortality due to cardiovascular disease.(15-17) An inverse relation between

bone mineral density and vascular calcification at different sites, including the coronary,

carotid, and peripheral arteries, is reported by some, but not all cross-sectional studies.

(18-21)

While it is well established that vascular calcification increases risk of cardiovascular disease

and mortality independently of the effects of traditional risk factors,(22-24) the clinical

implication of the potential link between osteoporosis and vascular calcification is not yet

known. Few studies have assessed the relation between vascular calcification and hip fracture,

the most serious clinical outcome of osteoporosis. More importantly, the ability of vascular

calcification assessments in persons during middle-age years to predict long term risk of hip

fracture is not known. This is a particularly important clinical issue to address, as individuals

in middle-age years may be most amenable to prevention and treatment efforts to reduce

subsequent risk of osteoporosis and asssociated fractures later in life.

Methods

Participants

This prospective study of hip fracture is part of the original cohort of the Framingham Heart

Study, a population-based cohort of a two-thirds sample of residents in Framingham,
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Massachusetts, established in 1949 to identify risk factors for cardiovascular disease. Methods

of recruitment and data collection have been described elsewhere.(25,26) Briefly, participants

completed standardized examinations, laboratory tests, and structured questionnaires,

administered by trained physician examiners every two years, at study visits. Cohort members

have been followed closely for all major health events, and follow-up is complete for 99%. In

1967-70, 67% of cohort members underwent lumbar spine radiography. No selection criteria

were used, rather, the radiographic examinations were conducted until funding was no longer

available. Radiographs were not readable for 11 participants. The current study includes 2499

cohort members (mean age, 61 years; range, 47 to 80 years), with no previous hip fracture,

who were followed until the first of the following events: hip fracture, last contact, death, or

December 31, 2003.

Hip fracture

Hip fracture was ascertained by interview at study examinations as well as by comprehensive

review of fracture logs, hosptalization and death records. Hip fracture cases were confirmed

by review of medical records as well as radiographic and operative reports. Hip fracture was

defined as a first-time fracture of the proximal femur occuring between the time of baseline

lumbar spine radiography (1967-69) and the end of follow-up for the current study, December

31, 2003. Rates of hip fracture reported in members of the Framingham Study correspond

closely with national rates.(26,27)

Vascular calcification

Readers, blinded to subject characteristics, used a validated, semi-quanititative method to grade

severity of vascular calcification in the aorta (intra-rater agreement=0.98, interrater

agreement=0.93).(28) Calcific deposits in the abdominal aorta adjacent to each lumbar vetebra

(L1-L4) were assessed separately for the posterior and anterior wall of the aorta. The midpoints

of the intervertebral spaces above and below the vertebrae were used as boundaries. Each

segment was graded systematically, using an illustrated atlas, according to a 4-point severity

scale as follows: (0) no calcific deposits, (1) small, scattered calcific deposits filling less than

one third of the longitudinal wall of the aorta, (2) one third or more, but less than two thirds of

the longitudinal wall of the aorta calcified, (3) two thirds or more of the longitudinal wall of

the aorta calcified. The (0-3) grades for each of the 8 segments (anterior and posterior segments

for each of four lumbar vertebrae) were then summed for a total score, ranging from a minimum

of 0, indicating no aortic calcification, and increasing in severity to a maximum of 24.

Potential confounders

Risk factors for hip fracture and/or vascular calcification were considered as potential

confounders including age, weight, height, systolic blood pressure, smoking, total cholesterol,

diabetes, coronary heart disease, and estrogen use (in women).(24) Assessments made at the

time of baseline radiography were used for the analysis. Height, to the nearest 0.25 inch and

weight, to the nearest 0.5 pound, were measured using a stadiometer and balance beam scale,

respectively. Body mass index was calculated as weight in kilograms divided by the square of

height in meters. Individuals were classified as current, former, or never smokers. Total serum

cholesterol was measured on blood drawn from nonfasting participants using nonenzymatic

methods.(29) Systolic blood pressure was measured twice at each visit by a physician using a

standard sphygmomanometer (and averaged). Diabetes was defined as a casual glucose level

of more than 150 mg/dL on two or more study visits or treatment with insulin or oral

hypogycemic agents.(30) Coronary heart disease was defined as recognized or unrecognized

myocardial infarction (identified by electrocardiogram or enzymes), angina pectoris, or

coronary insufficiency. Ascertainment of coronary heart disease was conducted through active

surveillance and diagnoses were confirmed by a three-member panel of physicains who
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conducted comprehesive, standardized reviews of medical records available from study

examinations, physician visits, and hospitalizations. Women were categorized according to

whether or not they used postmenopausal estrogen treatment at the baseline assessement.

Statistical analysis

Cox proportional hazard regression models were used to calculate hazard ratios and 95%

confidence intervals for the relation between aortic calcification and risk of hip fracture. Since

age-adjusted and multivariable-adjusted hazard ratios were similar, we present only

multivariable results. Multivariable models were adjusted for age, body mass index, smoking,

systolic blood pressure, total cholesterol, diabetes, coronary heart disease, and estrogen use (in

women). Prior to their inclusion in multivariable models, independent variables were evaluated

for concordance with the proportional hazard assumption. We examined aortic calcification as

a categorical variable (0, 1-3, 4-5, 6-10, 11+) as well as a continuous, natural-log-transformed

variable due to the skewed distribution. Particpants with score 0, indicating the complete

absence of aortic calcification, were used as the reference group.

To determine if the relation between aortic calcification and hip fracture risk may be obscured

by the long, 35-year duration of follow-up time, we repeated analyses truncating follow-up

time to 15 and 25 years. Since results were unchanged, we present results based upon the full

duration of study follow-up time (1967-70 through 2003).

To determine if a potential association between aortic calcification and hip fracture risk might

be more apparent in individuals who were free of prevalent coronary heart disease, we repeated

our analyses exluding participants with baseline coronary heart disease. Since results were

unchanged, we present findings based upon inclusion of all participants (and adjust for coronary

heart disease in multivariable models).

We also calculated hazard ratios for mortality associated with aortic calcification in order to

evaluate whether or not survival bias may obscure a potential relation between aortic

calcification and hip fracture. Further, we performed a competing risk analysis that considered

both mortality and hip fracture as possible outcomes, allowing either to occur first.(31)

Analyses were conducted using PC-SAS 9.1 (SAS Institute Inc., Cary, North Carolina) and

performed separately for women and men.

Results

The study included 1453 women and 1046 men whose baseline age ranged from 47 to 80 years.

Mean age of participants was 61 years, and mean duration of follow-up was 21 years and

reached a maximum of 36 years. Individuals with aortic calcification were older, had higher

cholesterol and blood pressure levels, and had greater prevalence of diabetes, coronary heart

disease, and smoking than those without aortic calcification (Table 1). Body mass index was

similar among participants with and without prevalent aortic calcification. Women with aortic

calcification used postmenopausal estrogen therapy less frequently (12%) than those without

aortic calcification (18%).

Aortic calcification was present (score 1+) in 59% of women and 67% of men; however, more

than three-fifths of participants (62%) scored either 0 or 1-3, the lowest categories of aortic

calcification. While men more frequently than women had aortic calcification scores of 1-3

(29% men, 21% women), 4-5 (13% men, 11% women), and 6-10 (16% men, 14% women), a

greater frequency of women (12%) than men (9%) scored 11+, the highest category of acortic

calcification (Figure 1).
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During the study, 223 women (15%) and 48 men (5%) sustained hip fractures. Cumulative

incidence of hip fracture, however, did not increase with severity of aortic calcification (Figure

2). Incidence of hip fracture at 35 years of follow-up in women was 15% for aortic calcification

score 0, 17% for score 1-3, 16% for score 4-5, 14% for score 6-10, and 16% for score 11+. For

men, incidence was 4%, 6%, 5%, and 2%. Cumulative incidence of hip fracture also did not

differ between individuals with aortic calcification present (women 16%, men 5%) or absent

(women 15%, men 4%).

In age- and multivariable-adjusted analyses, aortic calcification was not associated with risk

of hip fracture. Figure 3 reveals no clear trend in the relation between severity of aortic

calcification and increased risk for fracture in women (p=0.44) or men (p=0.29), and hazard

ratios did not statistically differ from 1.00. For example, the hazard ratios associated with the

highest aortic calcifcation score (11+) were 1.4 (95% CI: 0.8-2.3) for women and 1.2 (95%

CI: 0.2-5.7) for men. Similarly, no association was observed when aortic calcification was

treated as a dichotomous variable or as a continuous variable. Hazard ratios for aortic

calcification score 1+ versus score 0 were 1.2 (95%CI, 0.9-1.7) for women and 1.7 (95% CI,

0.8-3.4) for men. Hazard ratios for hip fracture per unit increase in log-transformed aortic

calcification score were 1.1 (95% CI, 0.9-1.3) for women and 1.3 (95% CI, 0.9-1.8) for men.

Results (not shown) were similar when alternative categorization schemes were considered

including sex-specific quartiles as well as groupings such as (A) 0, 1-3, 4+, (B) 0, 1-5, 6+, and

(C) 1-5, 6+.

Findings were unchanged when individuals with coronary heart disease at baseline were

excluded (results not shown). When duration of follow-up time was restricted to 15 and 25

years, no association between vascular calcification and risk of hip fracture was found, and the

magnitudes of the hazard ratios were generally reduced (and confidence intervals increased)

due to the reduction in the number of hip fracture cases with shorter duration of follow-up time.

Mortality was 91% (777/851) in women and 94% (663/706) in men with aortic calcification

compared to 60% (361/602) in women and 74% (252/340) in men without aortic calcification.

In contrast to the null findings for risk of hip fracture, increasing severity of aortic calcification

was highly associated with mortality for women and men (Figure 4). Multivariable-adjusted

hazard ratios for mortality increased linearly with severity of aortic calcification score (trend,

p<.0001). For example, hazard ratios for mortality were 1.6, 1.7, 1, 8 and 2.1 in women,

respectively, for aortic calcification score 1-3, 4-5, 6-10, and 11+. A similar pattern was seen

in men, however, the magnitudes of the hazard ratios associated with each category of aortic

calcification were slightly smaller than found for women. Mortality was double in individuals

with the greatest severity of aortic calcification: hazard ratios were 2.1 (95% CI:1.7-2.6) in

women and 1.9 (95% CI:1.5-2.5) in men with score 11+ relative to those with score 0. In

additional analyses with death modeled as a competing outcome to hip fracture, hazard ratios

did not differ from those provided by Cox regression, and no association between vascular

calcification and fracture risk was observed.

Discussion

In a large, population-based cohort followed for more than 30 years, we found no evidence

that increasing severity of vascular calcification in women and men in middle-age years

increased subsequent risk of hip fracture later in life. Results were unchanged when shorter

durations of follow-up were considered. We also found no association between vascular

calcification and risk of hip fracture in persons without pre-existing coronary heart disease.

While we did observe a strong relation between increasing severity of vascular calcification

in women and men in middle-age years and risk of death, differential survival in middle-aged
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individuals with and without aortic calcification does not explain the lack of an association

with risk of hip fracture observed in our study.

Our findings do not agree with those of Schulz et al(32) who reported a 2.9 increase in odds

of previous hip fracture (95% CI 1.8-4.8) among women with compared to those without aortic

calcification. Several methodological differences may account for the discordant results. The

cross-sectional design and inclusion of a patient population referred for computed tomography

(CT) examination may have introduced a selection bias since subjects having a greater

prevalence of both osteoporosis and atherosclerosis may have been overrepresented relative

to the co-occurrence of these conditions in the general population. The high prevalence of

subjects classified with vascular calcification (76%) or osteoporosis (70%) supports this

suggestion.(32,33) In addition, the cross-sectional nature of the study prohibits determination

of the temporal sequence with respect to vascular calcification and risk of hip fracture. In

contrast, our investigation allowed for us to prospectively evaluate the clinical significance of

the severity of vascular calcification in middle-aged individuals with respect to long term risk

of hip fracture. Alternatively, CT determination of vascular calcification in the abdominal aorta

may be a more accurate measurement of vascular calcification than the radiographic assessment

used in our study. Such misclassification, if non-differential, may have biased our results

toward the null. However, while the previous study measured aortic calcification from CT

scans in degrees of calcified wall from 0-360, in the analysis, women were dichotomized into

subjects with and without calcification (cut point not given). Thus, it is difficult to compare

the vascular calcification measurements between studies.

Our findings also do not agree with those of Bagger et al(34) who, in a prospective cohort study

of 2662 women in Denmark, found a 2.3 increased risk of hip fracture (95% CI, 1.1-4.8) in

women with aortic calcification scores greater than or equal to three, relative to those scoring

less than three. Aortic calcification was based upon radiographic assessment using the same

methods as our study, however, the previous study included only women who survived from

baseline to follow-up (mean follow-up time was seven years; study duration was not provided),

and the investigators used logistic regression to estimate relative risk. In contrast, our study

used Cox proportional hazards regression to account for varying lengths of follow-up time

from baseline to the time of censorship due to hip fracture, death, or end of study.

While evidence for a link between bone and vascular calcification is increasing, the clinical

importance remains largely unknown. This prospective cohort study evaluated the effect of

radiographic vascular calcification in middle-age on subsequent risk of hip fracture.

Participants were selected from a community-based sample that includes large numbers of both

women and men making our results highly generalizable to the larger population. In addition,

information on important confounders, including risk factors for both osteoporosis and

atherosclerosis, is highly accurate and complete due to the highly standardized, rigorous data

collection methods used in the Framingham Heart Study. Ascertainment of incident hip fracture

was conducted by active surveillance with thorough case confirmation methods and, morever,

without knowledege of participant characteristics, including vascular calcification status.

A limitation of our study was the reliance on plain radiographs to assess aortic calcification

which may not be as accurate as current technologies, including CT. However, the semi-

quantitative method used in our study is both highly reliable,(28,34-36) and the severity score

is strongly associated with vascular morbidity and mortality,(24,37) as well as with overall

mortality, as shown in our study. Finally, the long, thirty-five year duration of follow-up may

have obscured a potential association between aortic calcification and risk of hip fracture.

While we found no association when we restricted our analysis to ten and twenty years of

follow-up, the reduction in the number of cases in these analyses reduced study power to detect

a potential association. However, we found no association between vascular calcification and
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risk of hip fracture whether we used Cox regression or competing risk analysis. Thus, survival

bias does not appear to explain the null findings observed in our study.

In conclusion, we found no evidence that vascular calcification in middle-age increases

subsequent risk of hip fracture in women or men. The common radiographic finding of aortic

calcification in middle-aged and older adults cannot be recommended in the clinical setting for

identifying persons at increased risk of hip fracture.
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FIG. 1.

Distribution of aortic calcification in 1453 women and 1046 men in The Framingham Study,

1967-70
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FIG. 2.

Cumulative incidence of hip fracture, 1967-70 through 2003, according to baseline aortic

calcification score in 1453 women and 1046 men, The Framingham Study
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FIG. 3.

Multivariable-adjusted hazard ratios* for hip fracture in women (left) and men (right)

according to aortic calcification score, The Framingham Study, 1967-70 through 2003

The y-axis is on a log scale. The reference group is aortic calcification score 0. The bars denote

95 percent confidence intervals.

* Models included baseline age, body mass index, systolic blood pressure, smoking, total

cholesterol, diabetes, coronary heart disease, and estrogen use (in women).
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FIG. 4.

Multivariable-adjusted hazard ratios* for death in women (left) and men (right) according to

aortic calcification score, The Framingham Study, 1967-70 through 2003

The y-axis is on a log scale. The reference group is aortic calcification score 0. The bars denote

95 percent confidence intervals.

* Models included baseline age, body mass index, systolic blood pressure, smoking, total

cholesterol, diabetes, coronary heart disease, and estrogen use (in women).
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