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Abstract

Data concerning the link between severity of abdominal aortic calcification (AAC) and fracture 

risk in postmenopausal women are discordant. This association may vary by skeletal site and 

duration of follow-up. Our aim was to assess the association between the AAC severity and 

fracture risk in older women over the short- and long-term. This is a case-cohort study nested in a 

large multicenter prospective cohort study. The association between AAC and fracture was 

assessed using Odds Ratios (OR) and 95% confidence intervals (95%CI) for vertebral fractures 

and using Hazard Risks (HR) and 95%CI for non-vertebral and hip fractures. AAC severity was 

evaluated from lateral spine radiographs using Kauppila’s semiquantitative score. Severe AAC 

(AAC score 5+) was associated with higher risk of vertebral fracture during 4 years of follow-up, 

after adjustment for confounders (age, BMI, walking, smoking, hip bone mineral density, 

prevalent vertebral fracture, systolic blood pressure, hormone replacement therapy) (OR=2.31, 

95%CI: 1.24–4.30, p<0.01). In a similar model, severe AAC was associated with an increased in 

the hip fracture risk (HR=2.88, 95%CI: 1.00–8.36, p=0.05). AAC was not associated with the risk 

of any non-vertebral fracture. AAC was not associated with the fracture risk after 15-years of 
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follow-up. In elderly women, severe AAC is associated with higher short-term risk of vertebral 

and hip fractures, but not with the long-term risk of these fractures. There is no association 

between AAC and risk of non-vertebral-non-hip fracture in older women. Our findings lend 

further support to the hypothesis that AAC and skeletal fragility are related.
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Introduction

Calcification in the media of the abdominal aorta and osteoporosis share common pathways 

including genetic factors, hormones, cytokines, transdifferentiation of vascular smooth cells, 

abnormal mineral metabolism and other factors (1). Several studies have assessed the link 

between the severity of abdominal aortic calcification (AAC) and fracture risk in 

postmenopausal women, but their results are discordant. In some, but not all, cross-sectional 

studies, severe AAC was associated with lower bone mineral density (BMD) and higher 

odds of vertebral and hip fractures (2–8). In some (8–9), but not all (10–12), prospective 

studies, severe AAC was associated with higher risk of vertebral and hip fractures.

Several factors contribute to these discrepancies in results. Studies performed in small 

samples or in populations with few fracture events may lack statistical power (6–7). Fracture 

risk may be higher only in individuals with severe AAC (4,9) and a low threshold of AAC 

severity (e.g. present vs absent) may not be specific enough to observe an association (12). 

Severe AAC may be associated with specific fracture types such as major fragility fractures 

(e.g. vertebra, hip), but not with other non-vertebral fractures (5,11–12). Thus, the 

association may be non-significant in younger cohorts composed mainly of subjects with 

mild AAC and few fracture events. As aortic calcification is a dynamic process that may be 

related to bone metabolism, AAC may lose its predictive power in studies with long-term 

follow-up (10).

The strength of the association between AAC severity and risk of incident fracture may 

depend on the covariates included in the statistical model (5,8,12). Bone fragility and AAC 

share common risk factors e.g. smoking, low physical activity and diabetes mellitus (13–16). 

Severe AAC may be associated with lower bone mineral density (BMD) (2,8,17) and 

prevalent fractures (2–5). Additional studies are needed to examine potential confounders 

and mediators of the association. Severe AAC is associated with higher mortality and higher 

risk of cardiovascular events (18–19). Therefore, competing risks of mortality and higher 

rate of dropout in the subjects with severe AAC may falsely decrease the number of incident 

fractures ascertained in this group, resulting in null findings. Thus, it is uncertain whether an 

association between AAC and fracture risks exists in older adults, whether any association 

varies by skeletal site of fracture, AAC severity, and duration of follow-up.

Therefore, to determine whether severe AAC is independently associated with higher 

fracture risk of elderly women and to examine whether any association persists or wanes 

with long-term follow-up, we assessed baseline AAC in a sample of a large cohort of 
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women aged ≥ 65 years who were followed prospectively for up to 20 years to ascertain 

incident fractures.

Subjects and Methods

Cohort

The Study of Osteoporotic Fractures is a multicenter study of risk factors for fracture in 

9,704 non-black community-dwelling women aged 65 years and older recruited from 

population-based listings at four clinical centers (Portland, OR; Minneapolis, MN; 

Baltimore, MD; Monangehala Valley, PA) (20). Women unable to walk without the 

assistance of another person and women with bilateral hip prostheses were excluded. 

Written informed consent was obtained from all women and the institutional review boards 

at all participating centers approved the study protocol.

The AAC readings were performed in a subset selected using a nested case-cohort design. 

Of 9,704 women, 9,575 had baseline lateral spine X-rays available for AAC reading (Fig. 1). 

Among them, a random cohort of 1,026 women was selected. Within this randomly selected 

cohort there were 129 women with a first incident hip fracture during 14.2±5.5 years of 

follow up and 84 women with an incident vertebral fracture identified on a repeat spine film 

at an average of 3.7±0.4 years or 15.0±0.7 years of follow up. To reach a goal of 

approximately 200 cases of each type in the analyses, 74 more women with an incident first 

hip fracture and 118 more women with an incident vertebral fracture were randomly selected 

from the overall case groups of women with incident hip fracture and women with incident 

vertebral fracture, respectively. A small number of women in the randomly selected cohort 

or case groups had lost or unreadable films and were excluded from analyses examining the 

association of AAC with fracture risk (Fig. 1).

The hip fracture analyses included 185 incident hip fracture cases and 817 women without 

incident hip fracture. The vertebral fracture analysis had 2 stages. In the first stage we 

examined the association between AAC identified on baseline spine film and incident 

vertebral fracture identified on repeat spine film an average of 3.7±0.4 years later (94 

incident vertebral fracture cases and 686 women without incident vertebral fracture). In the 

second stage we examined the association between AAC identified on baseline spine film 

and incident vertebral fracture identified on repeat spine film and average of 15.0±0.7 years 

later (105 incident vertebral fracture cases and 214 women without incident vertebral 

facture). Finally, in an analysis limited to the randomly selected cohort, we examined the 

association of baseline AAC with risk of incident non-vertebral fracture (388 women with at 

least one event and 496 women without incident non-vertebral fracture during an average 

follow-up of 14.2±5.5 years).

Assessment of the abdominal aortic calcification (AAC) score

AAC was assessed using Kauppila’s visual semiquantitative score from the digitized 

baseline lateral radiographs of the lumbar spine centered at L3 (21–22). Films were read by 

one reader (JN) blinded to fracture status. Severity of calcific deposits in the anterior and 

posterior walls of the abdominal aorta adjacent to the first four lumbar vertebrae were 
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assessed in the 8 segments defined using the midpoint of the intervertebral space above and 

below the vertebrae as boundaries. Severity scores for these segments (0–3) were added to 

yield an AAC score (0–24). AAC score was categorized into three groups: 0, 1–4, 5+, 

corresponding to 49, 26 and 25% of the investigated group, respectively. The most common 

problems causing films to be coded as unreadable included bad quality, insufficient 

visualization of the area anterior to the spine, or artifacts in the image.

A set of 38 randomly selected films were read by the reader a second time throughout the 

reading process to assess intra-reader reproducibility. A second expert (DPK) read 241 

randomly selected films to assess inter-reader reliability. The reproducibility for AAC score 

was analyzed as a log-transformed continuous variable using the intraclass correlation 

coefficient (ICC). The intra-reader ICC was 0.97 (95% confidence interval, 95%CI: 0.95–

0.99). The inter-reader ICC was 0.86 (95%CI: 0.83–0.89). The acceptability of the film for 

AAC readability agreed for 87% of the films for intra-reader reliability and 94% of the films 

for inter-reader reliability. The weighted kappa score for the selected categorization (0/1–

4/5+) for intra-reader reproducibility was 0.89 (95%CI: 0.77–1.00). The weighted kappa 

score for inter-reader reproducibility was 0.75 (95%CI: 0.69–0.82).

Assessment of the incident fractures

SOF participants were contacted by mail or telephone and asked about incident fractures 

every four months; follow-up was >95% complete (23). All nonspine fractures were self-

reported and confirmed by review of radiological reports; hip fractures were also validated 

by reviewing preoperative radiographs (23). The participant was also interviewed to 

determine the circumstances of incident fractures. Participant deaths were identified during 

tri-annual contacts (next-of-kin interview) and death certificates were obtained. We 

excluded fractures that occurred because of excessive trauma. For the outcome of first 

incident hip fracture, those who had a prior hip fracture were not included in the analyses. 

Follow-up time was 14.2±5.5 years. In a sensitivity analysis, follow-up time was truncated 

to 5 years to examine associations at a similar follow-up time as the vertebral fracture 

outcome.

For the assessment of the incident vertebral fractures, lateral radiographs of the thoracic and 

lumbar spine were obtained at the first, third and eighth visit (24). The average time interval 

was 3.7 years between the first and the third visits, and 15.0 years between the first and the 

eighth visits. Incident vertebral fracture was defined as a 20% and 4 mm decrease in the 

anterior, middle, or posterior heights of any vertebra on the follow-up radiographs compared 

with the respective heights on the baseline radiograph.

Measurement of bone mineral density

Bone mineral density (g/cm2) of the total hip and its subregions was measured using dual X-

ray absorptiometry with Hologic QDR-1000 scanners (Hologic, Inc., Waltham, MA) (25–

26). Femoral neck phantom scan results were assessed for quality control. The intra-clinic 

coefficient of variation (CV) for circulating femoral neck phantom ranged from 0.62% to 

1.86%. The inter-clinic CV was 1.2%.
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Other covariates

All participants responded to an interviewer-assisted questionnaire. Smoking habits were 

classified at baseline as current, previous and never. Information was obtained on whether 

participants walked as a form of exercise and history of falls in past year. Participants were 

asked about a physician diagnosis of selected medical conditions, e.g. diabetes mellitus. 

Hormone replacement therapy (HRT) use was categorized as current, previous or never 

using baseline as reference point (27). Vertebral morphometry was performed on the 

baseline films by trained technicians (24). Prevalent vertebral fractures were diagnosed 

using Black’s criterion of 3SD<mean height ratio (28). At baseline blood pressure was 

measured with a mercury sphygmomanometer with subjects in a supine position after at 

least a 5-minute rest (29). Body weight and height were measured using a balance beam 

scale and a Harpenden stadiometer (27). Gait speed was measured in m/s on a standard 6-m 

walking course.

Statistical analyses

Characteristics for those women selected for the random cohort were compared to those 

eligible but were not selected were compared using a t-test for continuous normally 

distributed variables, a Wilcoxon rank-sum test for skewed continuous variables, and a chi-

square test for categorical variables. Among the 951 women with technically adequate 

baseline spine films in the randomly selected cohort, characteristics at the baseline exam 

were summarized by category of AAC as mean±SD or n (%). Tests for linear trend for these 

variables across the AAC levels were performed using the Cochran-Armitage trend test for 

2-category variables, a Jonckheere-Terpstra test for 3 category variables, and linear 

regression for continuous variables. Summaries were preformed comparing characteristics 

of those with incident hip fractures and those with incident vertebral fracture to women in 

the random cohort without incident fracture of the specific type using analysis of variance 

for continuous variables and chi-square test for categorical variables.

The association between AAC severity and risk of incident vertebral fracture was examined 

using logistic regression, and presented as odds ratios with their 95% confidence interval 

(OR, 95%CI). The dependent variable was modeled as ≥ 1 incident vertebral fracture vs. no 

incident fracture. The time to first incident hip or non-vertebral fracture was evaluated using 

Cox proportional hazard models, with results presented as hazard ratio (HR) and 95%CI. 

The association of AAC and incident nonspine fracture was analyzed among those women 

in the randomly selected cohort. The association of AAC and incident hip fracture was 

analyzed among the women in the case-cohort group selected for this outcome, with 

weighting to accommodate the case-cohort design (30–31).

For all fracture outcomes, AAC was analyzed as a continuous variable (1 unit increase) or 

categorized as AAC score =0 (reference), 1–4 (mild AAC) and 5+ (at least moderate AAC). 

Tests for linear trend across the AAC categories were performed by including an ordinal 

variable (0,1,2) as an independent variable in the models. All models were first adjusted for 

age, because fracture risk and AAC severity increase with age. Multivariable models 

included potential confounders of the association between AAC and fracture risk (i.e. age, 

BMI, prevalent vertebral fracture, smoking, walking for exercise, systolic blood pressure 
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and HRT use as well as, additionally for total hip BMD). Models were further adjusted by 

prior falls, gait speed, and history of diabetes mellitus. The Fine and Gray model was 

integrated into multivariable models to calculate HR (95%CI) allowing for competing 

mortality risks (32). All associations were also examined using a secondary classification of 

AAC (0, 1–6, 7+) to determine if the results were robust to this more severe definition of 

AAC. All analyses were performed using the SAS 9.2 software (SAS Institute, Cary, NC, 

USA) and Stata version 12.1 (StataCorp, College Station, TX, USA).

Results

Randomly selected cohort

Randomly selected women self-reported diabetes slightly more often than those women who 

were not selected for inclusion in the random selected cohort (9 vs 7%, p=0.02). The two 

groups did not differ in terms of age, BMI, lifestyle, blood pressure, BMD, gait speed, prior 

falls or prevalent vertebral fractures. In the randomly selected cohort of 951 women, 25% 

(n=238) had severe AAC (AAC score 5+) (Table 1). As severity of AAC increased, on 

average so did age, systolic blood pressure, lumbar spine BMD, prevalence of smoking and 

existing radiographic vertebral fractures. As the AAC severity increased, the average 

femoral neck and total hip BMD decreased as did the proportion of women reporting 

walking for exercise, a history of diabetes mellitus and HRT use.

Incident radiographic vertebral fracture

Women with an incident radiographic vertebral fracture at 4 years of follow-up (n=94) were 

on average older (74 vs. 71 years), had lower hip BMD (0.68 vs. 0.77 g/cm2) and had more 

prevalent vertebral fractures (51 vs. 18%) (p<0.001 for all) vs. women who did not sustain 

vertebral fracture during an average of 4 years of follow-up. After adjustment for age, the 

odds of incident vertebral fracture at 4 years increased with AAC severity and were twofold 

higher in women with AAC 5+ vs. women without AAC (Table 2). The association was not 

altered by adjustment for confounders. Further adjustment for total hip BMD reduced the 

analytical sample size to 725 women (80 cases). Vertebral fracture risk increased with AAC 

severity and was higher in women with severe AAC (AAC score 5+ vs. 0: OR=2.31, 

95%CI: 1.24–4.30, p<0.01). The relationship between severe AAC (5+ vs. 0) and odds of 

incident vertebral fracture remained after adjustment for gait speed (OR=2.29, 95%CI: 1.23–

4.28, p<0.01), prior falls (OR = 2.23, 95%CI: 1.19–4.17, p<0.05) and diabetes mellitus (OR 

= 2.23, 95%CI: 1.19–4.17, p<0.05). Comparisons of 149 women having AAC score 7+ with 

women without AAC provided similar results.

The 15-year odds of incident radiographic vertebral fracture were assessed in 319 women, 

including 105 women with incident vertebral fracture. There was no evidence of any 

association between AAC severity and odds of incident vertebral fracture over the long-term 

regardless of the model used (age-adjusted, multivariable, multivariable with further 

adjustment for hip BMD or gait speed) and regardless of how AAC score was expressed in 

the model (continuous or categories, highest cutoff for AAC score 5 or 7). For example, the 

odds of vertebral fracture in women with AAC score 5+ was not different from that in 
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women without AAC (OR after adjustment for multiple confounders =0.93, 95%CI: 0.44–

1.94).

Hip fracture

On average, the 185 women with a first incident hip fracture were older (73 vs. 72 yr), 

weighed less, had lower BMI (25 vs. 27 kg/m2) and hip BMD (0.69 vs. 0.77 g/cm2), and 

were more likely to have an existing radiographic vertebral fractures (30 vs. 16%) (p<0.001 

for all) vs. women without an incident hip fracture during the entire follow-up period of 15 

years.

Of the 185 hip fracture cases during the long-term follow-up, a total of 32 women 

experienced a hip fracture during the first 5 years (Table 3). After adjustment for age, 5-year 

hip fracture risk increased with AAC severity and was more than twofold higher in women 

with AAC score 5+ vs. 0: HR=2.41, 95%CI: 1.04–5.52, p<0.05). The association persisted 

despite adjustment for confounders. Further adjustment for total hip BMD reduced the 

analytical sample to 793 women (22 cases). In this model, severe AAC was associated with 

higher hip fracture risk, but the association was of marginal significance due to the lower 

number of cases (p= 0.05). The association remained after adjustment for gait speed (AAC 

score 5+ vs. 0, HR=2.88, 95%CI: 0.99–8.39, p=0.056), prior fall (OR=2.76, 95%CI: 0.996–

7.63, p=0.0509) and diabetes mellitus (OR=2.65, 95%CI: 0.98–7.18, p=0.0559).

When a more stringent threshold of severe AAC was used (7+, n=149), the magnitude of the 

association was somewhat attenuated and the confidence interval was wider (multivariable 

model HR= 2.14, 95%CI: 0.63–7.24, p=0.22).

During the 15-year follow-up, 185 women experienced a hip fracture. There was no 

evidence of a long-term association between AAC severity and hip fracture risk regardless 

of the model examined (age-adjusted, multivariable, multivariable with adjustment for hip 

BMD or gait speed) or how AAC score was expressed in the model. For example, the long-

term risk of hip fracture in women with AAC=5+ did not differ from that in women without 

AAC (HR after adjustment for multiple confounders =1.22, 95%CI: 0.78–1.91). In models 

accounting for the competing risk of mortality, findings regarding shorter term and long-

term associations of AAC with hip fracture risk were similar to those of the primary 

analysis.

Non-vertebral fracture

The group with non-vertebral fractures includes women with hip fracture. AAC severity was 

not associated with risk of any non-vertebral fracture irrespective of the follow-up duration 

(5 or 15 years), how AAC was expressed (continuous or categorical variable), what cutoff 

was used to define the high score category (5+ or 7+) and which variables were used for 

adjustment (age, multivariable, multivariable adjusted for hip BMD or gait speed) (Table 4). 

Accounting for the competing risk of mortality did not change these results.
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Discussion

In this case-cohort analysis nested in a large cohort of elderly women, severe AAC was 

associated with higher risks of incident radiographic vertebral fracture and hip fracture (but 

not any non-vertebral fracture) during a follow-up period of 4 to 5 years. However, 

associations of AAC with risks of vertebral and hip fractures waned with increasing duration 

of follow-up and the waning of the association at 15 years of follow-up was not accounted 

for by the higher competing risk of death among women with severe AAC.

Our finding that severe AAC is associated with higher risk of hip fracture, but not with the 

risk of other non-vertebral fracture confirms previous results. In 1471 postmenopausal 

women, AAC was associated with higher incidence of hip fracture, but not with the 

incidence of “total” fracture (12). In 327 postmenopausal women consulted for osteoporosis, 

presence of AAC was associated with “vertebral or hip fracture” (adjusted for multiple 

confounders), but not with the wrist fracture or “other fractures” (5). In 5400 elderly men, 

severe AAC was associated with higher risk of hip fracture, but not with the risk of nonspine 

nonhip fracture (33). In a cross-sectional study performed in 624 men and women aged 50–

89, severe AAC was associated with higher odds of vertebral fracture, but not with the 

nonspine fracture (34). Few studies found significant link between severe AAC and overall 

fracture risk (9,35). These associations were significant only for individuals with severe 

AAC (>6) and hip fractures comprised a major proportion of the total fracture groups (e.g. in 

the study of Zhou et al., 50 out of 94 women with nonspine fractures sustained hip fracture) 

(9).

Vertebral and hip fractures are fragility fractures and poor bone strength is their major 

determinant. Other non-spine fractures are associated with other risk factors, e.g. fall, trauma 

(36–37). The association of severe AAC with hip and vertebral fractures was significant 

after adjustment for BMD similarly to previous data (8–9,33,35) indicating that the link 

between AAC and fracture risk is not mediated by BMD. Of note, in older subjects, severe 

AAC was associated with lower trabecular, but not cortical, density at the spine and 

proximal femur (3,38). As vertebral bodies consist mainly of trabecular bone and long bones 

consist mainly of cortical bone, different links of AAC with density in both compartments 

may contribute to the differences which we found. However, the associations of severe AAC 

with trabecular density are not consistent (17,39–40). Fracture risk is higher in women with 

higher levels of bone turnover markers (BTM) (41). Women with AAC had low BTM levels 

(3), but data on this topic are scarce. Severe AAC may obstruct lumbar arteries originating 

from the aortic wall and supplying lumbar vertebrae with nutrients and oxygen (42). 

However, the adjustment for poor blood flow has no impact on the link between AAC and 

fracture (33). Subjects with severe AAC may have more and more dangerous falls (e.g. due 

to lower muscle strength and poor protective reflextes). However, this association remained 

significant after adjustment for prior falls and gait speed (9,33,35). In addition, severe AAC 

did not predict other fractures of the lower limbs (33). Of note, adjustment for diabetes 

mellitus had no impact on the link between severe AAC and fracture risk, although diabetic 

patients may have poor bone microarchitecture and higher risk of fall (43–44). Thus, the 

mechanism of the preferential association of severe AAC with major fragility fractures 

remains to be elucidated.
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Several potential mechanisms may link AAC and fracture risk. Osteoprotegerin (OPG) 

knockout is characterized by osteoporosis and vascular calcification (45). Inflammatory 

status is associated with higher risk of fracture and severe AAC (46–47). These results are 

consistent with our findings; however, it is not clear how to account for them in the 

statistical analyses, e.g. serum OPG levels may not necessarily reflect its tissular levels.

The association between severe AAC and fracture risk was stronger in short-term follow-up 

(4–5 years) than in the 15-year follow-up, even after accounting for the competing risk of 

death and despite higher number of incident fractures during the longer follow-up. 

Previously, severe AAC predicted fracture in the follow-ups of less than 8 years in women 

(8–9) and of less than 11 years in men (33,35), but not in a longer follow-up (10).

Vascular calcification is a dynamic process. Its progression has its own variability and its 

own determinants (2,8,34,48–50). In postmenopausal women, more rapid AAC progression 

is associated with greater bone loss (2,8,34,49), whereas greater bone loss is associated with 

higher fracture risk (51). However, the associations between AAC progression and bone loss 

were weak with high residual variability and their strength of varied according to skeletal 

site (8,34). Thus, a single assessment of AAC severity may not capture its long-term 

progression over the subsequent 15 years. This progression may depend on the factors which 

appear after baseline such as diseases (diabetes, kidney disease) or treatment (statins). In 

parallel, loss of bone is shaped by its specific determinants. Thus, AAC may predict fracture 

during the first years of follow-up, when bone status is still determined by the known factors 

(8–9). Later on, predictive value of AAC wanes with increasing duration of the follow-up 

because bone and AAC are influenced by their specific, new and unknown determinants or 

by the unpredictable changes in the previously existing factors. Consequently, AAC are not 

predictive of fracture in very long follow-ups, even after accounting for the competing risk 

of death (10).

Our data suggest that only severe and not mild AAC are associated with higher risk of hip 

and vertebral fracture. These data are consistent with the previous studies. In the cross-

sectional studies, significantly higher odds of vertebral fractures were associated with severe 

AAC, but not with mild AAC (34,52). In the prospective studies higher risk of fracture was 

found only in individuals with severe AAC regardless of the sex, population and site of 

fracture (9,33,35). As mentioned above, severe AAC was more strongly associated with 

more severe types of fracture, e.g. with hip fracture and not with other non-vertebral non-hip 

fracture. Similarly, there was a positive association of AAC with the number and the 

severity of vertebral fractures categorized using Genant’s semi-quantitative score (53–54).

As severe AAC is associated with higher morbidity and mortality (18–19), severe AAC may 

reflect poor health status and frailty accompanied by deterioration in bone strength. AAC 

severity and fracture risk increase with age and share common risk factors (13–16). Subjects 

with severe AAC may have lower BMD (2,8–9,17,33,35). However, in this and previous 

studies, the association between severe AAC and fracture risk remained significant after 

adjustment for age, BMD, co-morbidities and other risk factors (3,8–9,33,52,54).
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The strengths of our study include the prospective design, a high number of fully 

adjudicated incident fractures and adjustment for multiple confounders. There are also 

limitations. The SOF cohort consists of home-dwelling elderly women and its results may 

not be extrapolated on other populations. Assessment of AAC using the semi-quantitative 

score may be less accurate than computed tomography. Self-reported incident fractures were 

confirmed, but false negatives are possible. We considered the effects of multiple potential 

confounders on the associations between AAC and fracture risk, but the residual 

confounding remains possible in this observational study. We cannot adjust the models for 

creatinine, bone turnover markers or vitamin D because few women selected for this study 

had measurements. Of note, we have previously shown that the impact of adjustment for 

kidney function on the strength of the association between AAC and fracture risk is small in 

magnitude (33).

In summary, more severe AAC in elderly women is associated with more than twofold 

higher short-term risk of vertebral and hip fractures and the association is not explained by 

lower BMD among those with greater AAC. However, the associations between AAC and 

risk of these fragility fractures wane with increasing follow-up and the lack of long term 

associations is not explained by a higher competing risk of death among women with more 

severe AAC. There is no evidence of a short-term or long-term association between AAC 

and risk of any non-vertebral fracture in older women. The higher short-term risk of fragility 

fracture in women with severe AAC strengthens the hypothesis of the link between vascular 

calcification and fracture risk. Further studies are needed to elucidate the mechanisms 

underlying the associations between AAC and risk of fracture.
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Highlights

In older women severe abdominal aortic calcification (AAC) is associated with 

higher risk of hip and spine fracture during 4–5 years of follow-up.

Severe AAC was not associated with the risk of non-vertebral-non-hip fracture in 

women.

In elderly women, severe AAC is associated with higher risk of major osteoporotic 

fractures during a short-term follow-up (4–5 years), but not during a long-term 

follow-up (15 years).
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Fig. 1. 
Flowchart for the sampling for abdominal aortic calcification readings in the Study of 

Osteoporotic Fractures
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