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Abstract

Backgrounds and aims: Abdominal aortic calcification (AAC) is associated with weaker grip 

strength, an established risk factor for fall-related hospitalizations. However, its association with 

long-term fall-related hospitalisations remains unknown. This study investigated the association 

between AAC and long-term fall-related hospitalizations in community-dwelling older women.

Methods: Fall-related hospitalizations were obtained from linked data over 14.5-years in a 

prospective cohort of 1053 older women (mean age 75.0 ± 2.6 years). At baseline (1998/99), 

AAC was assessed from lateral spine images obtained using dual-energy X-ray absorptiometry, 

and scored using a semi-quantitative method (AAC24, range 0–24). The presence of any AAC was 

defined by AAC24 ≥ 1.

Results: Over 14.5-years, 413 (39.2%) women experienced a fall-related hospitalization. In the 

multivariable-adjusted model, each unit increase in baseline AAC24 was associated with a 3% 

increase in relative hazards for a fall-related hospitalization (HR 1.03 95%CI, 1.01 to 1.07). 

Compared to women with no AAC, women with any AAC had a 40% (HR 1.40 95%CI, 1.11 to 

1.76) and 39% (HR 1.39 95%CI, 1.10 to 1.76) greater risk for fall-related hospitalizations in the 

minimal and multivariable-adjusted models, respectively. This relationship was not attenuated by 

including measures of muscle function such as grip strength and timed-up-and-go.

Conclusions: The presence of AAC is associated with long-term fall-related hospitalizations 

risk, independent of muscle function, in community-dwelling older women. Concurrent 

assessment of AAC may be a simple and cost-effective way to identify older women at higher 

risk of falling as part of routine osteoporosis screening.
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1. Introduction

Falls are a major cause of concern for older populations and are the leading cause of 

injury-related hospitalizations [1]. Approximately 42% of older adults aged 75 years and 

above, fall annually [2]. The causes of falls are multifactorial in nature, often including acute 

mediating physiological and/or environmental factors [3]. As a result of the injuries suffered 

from falling, physical mobility and quality of life may be compromised [1]. Furthermore, 

mobility impairment may limit the ability to undertake regular physical activity. This can 

lead to additional burden of chronic disease, which in-turn exacerbates falling propensity, 

culminating in a vicious cycle [4,5].

Transient cardiovascular events (e.g. syncope, and hypotension), long-standing 

cardiovascular disease (CVD) (e.g. hypertension and atrial fibrillation) and blood pressure 

lowering medications have been associated with higher falls risk [4,6]. For example, more 

than half of the individuals hospitalized with CVD have a higher falls risk, thereby 

exacerbating injury and mortality risk [7]. Recently, we reported a positive association 

between severe-abdominal aortic calcification (AAC24 ≥ 6) and 5-year decline in muscle 

strength in older women [8], with the latter known to increase falls propensity [9,10].
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Abdominal aortic calcification (AAC), a complex and multifactorial process of mineral 

deposition in arterial wall [11–13], is a stable marker of atherosclerotic vascular disease. 

AAC has been shown to predict future CVD events, poor prognosis [14–16] and all-cause 

mortality [17]. AAC can be assessed relatively quickly and cost-effectively from lateral 

spine imaging (LSI), initially developed to identify vertebral fractures using a low radiation 

bone densitometer [18,19]. Severe AAC has also been shown to be associated with low 

bone mineral density (BMD) and an increased risk of fractures [20,21]. Part of this observed 

increase in fracture with greater AAC might also be related to a potential contribution to the 

risk of falling.

While AAC may simply be a marker of falls risk factors, such as advanced age and chronic 

kidney disease, there are several putative mechanisms whereby AAC may influence risk of 

falls [15,22,23]. Firstly, AAC may be a marker of risk of future CVD events such as stroke. 

Furthermore, severe AAC may result in aggravation of ischemic heart disease leading to 

arrythmias and loss of consciousness, which may directly cause falls or negatively impact 

falls risk factors such as dizziness, and subsequent muscle weakness or paralysis [24]. 

Secondly, signalling pathways regulating arterial calcification may be involved in muscle 

function and falls risk [25]. Finally, advanced atherosclerosis with AAC may also be a 

marker of macro and microvascular disease impairing blood and nutrient supply to the 

muscles leading to impaired muscle strength and/or greater decline in its trajectories [8,26]. 

Given such associations, it is plausible that AAC may also be associated with a higher risk 

of falling due to vascular causes. This is especially important for vulnerable populations 

such as older women who typically experience a higher proportion of fall-related injuries 

compared to their male counterparts [27]. To our knowledge this has not yet been evaluated. 

Therefore, the aim of this study was to examine the association between AAC and injurious 

falls that resulted in hospitalizations in a longitudinal study of community-dwelling older 

women.

2. Materials and methods

2.1. Participants

Community-dwelling Western Australian older women in the Perth Longitudinal Study of 

Aging Women (PLSAW) were included in this study. Briefly, PLSAW was an extension 

of the Calcium Intake Fracture Outcome Study (CAIFOS) in which 1460 women aged 

70 years or over were enrolled in a five-year, double-blind, randomized controlled trial of 

daily calcium supplementation to prevent fracture as described previously [28]. Baseline 

(1998/1999) AAC was measured in 1053 women. A diagrammatic representation of the 

study design according to CONSORT guidelines is presented in Supplementary Fig. 1. 

Ethics approval was granted by the Human Ethics Committee of the University of Western 

Australia. Both studies were retrospectively registered on the Australian New Zealand 

Clinical Trials Registry (CAIFOS trial registration number #ACTRN12615000750583 

and PLSAW trial registration number #ACTRN12617000640303) and complied with the 

Declaration of Helsinki. Human ethics approval for the use of linked data was provided 

by the Human Research Ethics Committee of the Western Australian Department of Health 

(project number #2009/24). All participants provided written informed consent that included 
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consent to future access to Western Australian Health Department data on coded and dated 

hospital discharges.

2.2. Assessment of abdominal aortic calcification (AAC)

Measurements of AAC were collected over 1 year, during 1998 (baseline) and 1999 (year 1). 

AAC was scored from 0 to 24 derived from digitally enhanced lateral single-energy images 

of the thoraco-lumbar spine using a Hologic 4500A bone densitometer (Hologic, Bedford, 

MA, USA). A single experienced investigator (JTS) read all images using a validated 

semi-quantitative scoring system, as detailed previously [29]. The AAC24 scoring system 

scores AAC relative to each vertebral height (L1–L4) and is scored as; 0 (no calcification), 

1 (≤1/3 of the aortic wall), 2 (>1/3 to ≤2/3 of the aortic wall) or 3 (>2/3 of the aortic wall) 

for both the anterior and posterior aortic walls giving a maximum possible score of up to 24. 

Both intra and inter-rater agreements have been reported as very good [29,30]. The presence 

of any AAC was defined by an AAC24 score ≥1.

2.3. Falls outcome assessment

Injurious fall-related hospitalizations over 14.5 years were tracked through the Western 

Australian Data Linkage System (Department of Health Western Australia, East Perth, 

Australia) and retrieved from the Western Australia Hospital Morbidity Data Collection 

(HMDC). Records were obtained for each of the study participants from 1998 until 

2013 using the International Classification of External Causes of Injury codes and the 

International Classification of Diseases (ICD) coded diagnosis data pertaining to all public 

and private inpatient hospitalizations in Western Australia. This allows ascertainment of 

hospitalizations independent of self-report and avoids the problems of patient self-reporting 

and loss to follow-up. Falls from standing height or less, not resulting from external 

force were included (ICD-10 codes: W01, W05–W08, W10, W18, and W19). A fall was 

considered injurious if it required hospitalizations.

2.4. Baseline assessment

Prevalent atherosclerotic vascular disease (ASVD) was obtained from primary discharge 

diagnoses from hospital records (1980–1998) as described previously [31]. Cardiovascular 

hospitalizations and deaths (1998–2013) [32] and any history of knee replacement 

procedures were identified using the linked data provided by the Western Australian Data 

Linkage System. Participants were asked about participation in sport, recreation, and/or 

regular physical activities undertaken three months prior to their baseline visit [33]. The 

level of activity, expressed in kilojoules per day, was then calculated using a validated 

method applying the type of activity, time engaged in the activity, and the participant’s 

body weight [34]. Smoking history was coded as non-smoker or smoked ever (if they 

had consumed >1 cigarette per day for more than three months at any time in their life 

or is a current smoker). Body weight was measured using digital scales to the nearest 

0.1 kg and height was assessed using a wall-mounted stadiometer to the nearest 0.1 

cm, whilst participants were wearing light clothes and without socks and shoes. Body 

mass index (BMI) (kg/m2) was then calculated. Treatment (placebo or calcium) over the 

five years of the CAIFOS trial was included as a covariate. Current medication use at 

baseline was used to assess prevalent diabetes mellitus. Medications were verified by 
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participants’ general practitioner where possible and were coded (T89001–T90009) using 

the International Classification of Primary Care-Plus (ICPC-Plus) method which allows 

aggregation of different terms for similar pathologic entities as defined by the ICD-10 

coding system [35]. Socioeconomic status was calculated using the Socioeconomic Indexes 

for Areas developed by the Australian Bureau of Statistics as described previously [36]. 

Self-reported dizziness was categorized as frequent (experienced more than once within a 

week) and infrequent (experienced less than 4 per month or never encountered). Total hip 

bone mineral density was determined by DXA using the same Hologic Acclaim 4500A fan 

beam densitometer (Hologic Corp, Waltham, MA, USA). Physical balance was defined as 

poor (unable to maintain a tandem stance for 10 s or more) and normal (maintain a tandem 

stance for greater than 10 s) from the sharpened Romberg test as described previously [37]. 

Details pertaining to the assessment of grip strength and TUG in this cohort have been 

previously described [38]. Participants self-reported their history of previous falls in the 

three months prior to baseline clinical visit.

2.5. Statistical analysis

The primary outcome of the study was a fall-related hospitalization while the presence 

of any AAC was the primary exposure variable. Follow up was available for each of the 

participants starting from their baseline visit until the first injurious fall, death or the end 

of the study follow-up period (14.5-years). The relationship between AAC24 score and fall-

related hospitalizations was explored using restricted cubic splines within Cox-proportional 

hazards models, the hazard ratios of fall-related hospitalizations were plotted against the 

exposure variable (AAC24). This allowed us to examine whether the association between 

baseline AAC and subsequent fall-related hospitalizations was non-linear. Based on this, 

subsequent analyses were undertaken with AAC dichotomized into two group, absence 

(AAC24 = 0) and presence of AAC (AAC24 ≥ 1).

Kaplan-Meier survival curves and the log-rank test were used to assess univariate 

associations between AAC24 categories (absence/presence AAC) and fall-related 

hospitalizations. Two models of adjustment were adopted; Minimally-adjusted: age, BMI 

and treatment code (calcium or placebo), and Multivariable-adjusted: Minimally-adjusted 

plus, prevalent ASVD, smoked ever, prevalent diabetes, statin use, anti-hypertensive 

medication use, socioeconomic status, physical activity and self-reported prevalent falls 

three months prior the baseline visit. Cox proportional hazards assumptions were tested 

on the basis of Schoenfeld residuals, computed using the ‘estat phtest’ command in 

Stata. p-values of >0.05 were recorded for all analyses including covariates indicating 

that proportional hazards assumptions were not violated. For the primary analysis, we 

treated deaths as censored. Cox-proportional hazard modelling was used to determine the 

relative hazard for a fall-related hospitalization within the follow up period assuming an 

individual remains alive. Hence, it assumes the risk of a fall-related hospitalization would 

have remained the same during the remainder of the follow-up period in those who died 

as in those who did not. Statistical analyses were performed using IBM SPSS Statistics for 

Windows, version 24.0 (IBM Corp., Armonk, NY, USA), and R software (version 3.4.2, R 

Foundation for Statistical Computing, Vienna, Austria) [39]. Statistical significance was set 

at a 2-sided Type 1 error rate of p < 0.05 for all tests.
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2.6. Additional analysis

Given the shape of the spline observed in Fig. 1, the relationship between AAC24 and fall-

related hospitalizations was also further explored by separating into AAC24 categories based 

on severity of AAC; No AAC (AAC score 0); Low to Moderate AAC (AAC24 score 1 to 5) 

and Severe AAC (AAC24 ≥ 6). We also performed further analyses after excluding women 

with prevalent ASVD at baseline and re-examined the relationship between AAC and 

fall-related hospitalizations as AAC is an advanced marker of ASVD which is associated 

with high risk of falls. In addition, we have explored the association between AAC and 

fall-related hospitalization after excluding women with any CVD hospitalization (n = 

443) and any knee replacement procedures (n = 115) over 14.5-years to assess if the 

relationship between AAC and falls is independent of any cardiovascular events and knee 

surgeries, respectively. We also examined the impact of including muscle strength (grip 

strength) and physical function tests (timed-up-and-go; TUG) on the relationship between 

AAC24 and fall-related hospitalizations as muscle function is a key contributor to risk of 

a fall-related hospitalization [38]. Specifically, we included baseline grip strength and TUG 

(separately and combined) in the multivariable-adjusted model. Further, we also examined 

the association after including baseline hip BMD in the multivariable model. Finally, we 

performed interaction tests between AAC24 and other falls risk factors (smoking, physical 

activity, prevalent ASVD, mean systolic blood pressure, antihypertensive medications use, 

statin use, self-reported dizziness, lipid profiles, hand grip strength, TUG and fear of falling) 

as potential modifiers of the association between AAC24 and fall-related hospitalizations 

in age and treatment (placebo/calcium)-adjusted models with a significance level of p for 

interaction <0.1.

3. Results

Baseline characteristics of participants according to the presence of AAC are presented in 

Table 1. Mean age of the participants was 75.0 ± 2.6 y and the median (IQR) AAC24 was 2 

(0–4). Women presenting with AAC were more likely to have a history of smoking and to be 

using lipid-lowering medications in comparison to women with no AAC.

3.1. Abdominal aortic calcification and fall-related hospitalizations

Over 14.5-years (11,838 person years) of follow-up (mean ± SD; 11.2 ± 3.9 y), 39.2% 

(413/1053) of women experienced a fall-related hospitalization. The relationship between 

AAC24 and fall-related hospitalizations is presented in Fig. 1 (p for non-linearity = 0.276). 

Despite a ‘linear relationship’ being recorded, the gradient risk of falls appeared greatest 

between no AAC (AAC24 = 0) to mild AAC (AAC24 1–2), and gradually increased 

in a linear manner from there on. Specifically, each unit increase in baseline AAC24 

was associated with 3% higher relative hazard for a fall-related hospitalization (Table 2). 

Kaplan-Meier survival curves indicated that women with any AAC had higher risk of a 

fall-related hospitalization compared to women with no AAC (log-rank test: p = 0.006) 

(Fig. 2). Specifically, compared to no AAC, the presence of any AAC was associated with 

40% and 39% higher relative hazards for a fall-related hospitalization in minimally and 

multivariable-adjusted models, respectively (Table 2).
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3.2. Additional analyses

The presence of low to moderate AAC24 (AAC24 1–5) and severe AAC24 (AAC24 > 5) 

was associated with 39% (HR 1.39 95%CI, 1.09 to 1.78, p = 0.008) and 40% (HR 1.40 

95%CI, 1.03 to1.90, p = 0.032) greater relative hazards for an injurious falls respectively 

compared to no AAC in the multivariable-adjusted model. We performed additional analyses 

excluding women with prevalent or incident events that may have been related to falls. 

When excluding individuals with ASVD (n = 118), women presenting with any AAC had 

greater risk for a fall-related hospitalization compared to women with no AAC in both the 

minimal (HR 1.40 95%CI, 1.10 to 1.78) and multivariable (HR 1.41 95%CI, 1.10 to 1.81) 

adjusted models. The association between AAC and falls did not reach significance although 

the point estimate remained similar with the original finding [multivariable-adjusted (HR 

1.39 95%CI, 0.99 to 1.94) vs (HR 1.39 95%CI, 1.10 to 1.76)] after excluding women with 

any CVD hospitalizations and deaths (n = 443) over 14.5-years. The risk of fall-related 

hospitalizations remained similar in older women with any AAC after excluding those 

with any knee joint replacement (n = 115) in both minimal (HR 1.39 95%CI, 1.08 to 

1.78) and multivariable (HR 1.38 95%CI, 1.07 to 1.79) adjusted models. Grip strength, 

(per kg increase; HR 0.97 95%CI, 0.94 to 0.99, p < 0.01) and TUG, (per sec increase; 

HR 1.05 95%CI, 1.02 to 1.08, p < 0.01 were significantly associated with fall-related 

hospitalizations. However, including grip strength and TUG (separately and combined) 

in the multivariable-adjusted model did not alter the relationship between AAC24 and 

fall-related hospitalizations (Supplementary Table 1). Model parameters that remained 

significantly associated with fall-related hospitalizations for each of the aforementioned 

analyses are listed in Supplementary Table 1. Similarly, including baseline hip BMD 

into the multivariable-adjusted model did not attenuate the association for AAC and fall-

related hospitalizations (per unit increase in AAC24 score, HR 1.03 95%CI, 1.00 to 1.06; 

presence of any AAC, HR 1.37 95%CI, 1.08 to 1.74). None of the risk factors examined 

for interaction were found to modify the relationship between AAC24 and fall-related 

hospitalizations (p for interaction >0.1).

4. Discussion

Considering the growing social and economic burden of injurious falling, strategies to 

identify risk factors are crucial for the development of primordial or primary prevention 

strategies. In this study, each point increase in AAC24 was associated with 3% greater risk 

for future fall-related hospitalizations. Furthermore, the presence of AAC that was seen 

in more than 7 out of 10 women was associated with 39% higher risk for a fall-related 

hospitalization compared to women with no AAC. To our knowledge, this is the first study 

to identify AAC as a risk factor for the most serious type of falls requiring hospitalizations 

in community-dwelling older women. These findings remained significant when adjusting 

or excluding women with clinical ASVD at baseline, suggesting that the presence of AAC 

provides complimentary prognostic information to clinical disease [15]. The findings also 

remained unchanged after excluding women with incident CVD events although it didn’t 

reach statistical significance, which may be attributable to reduction in the statistical power 

of the study. The association was not attenuated after excluding women with any knee joint 

replacement and including hip BMD into the model. Such findings do not highlight specific 
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underlying mechanisms, making it even more important to unravel why the association was 

observed.

The findings also remained comparable when adjusted for measures of muscle strength 

and function, and hip BMD suggesting that AAC provides further prognostic information 

from functional measures. Importantly, the Kaplan-Meier curves demonstrated the risk of 

falls diverged after about 5 years in the women with AAC. Perhaps, such findings may be 

explained by the presence of AAC serving as predictor for fall risk factors such as CVD and 

its sequelae or declines in muscle strength. Thus, the health benefits of lifestyle interventions 

including a healthy diet and exercise known to improve cardiovascular and musculoskeletal 

health should continue to be promoted, especially in those with AAC. Considering over 

two-thirds of women presented with AAC, the observed 8% absolute risk difference and 

39% relative risk difference for a fall-related hospitalization in women with AAC compared 

to those without AAC over 14.5-years is notable.

Due to the complex multifactorial causes of falling, identifying the singular most important 

risk factor may not be possible. For example, the influence of fall propensity risk factors 

such as neuromuscular function, vision or cognitive state may be different between fallers 

and the circumstances surrounding a single fall event [40]. Nonetheless, ASVDs, arterial 

stiffness and/or carotid-intima media thickness (CIMT), have been associated with fall 

propensity risk factors such as lower muscle strength [41], poor balance and impaired 

gait [42]. Higher levels of arterial plaque have also been linked with impaired mobility 

[43]. In our cohort, severe AAC (AAC24 score ≥6) was associated with a greater decline 

in muscle (grip) strength but not with a measure of physical function (TUG) over five 

years. It was suggested that AAC may be more closely related to discrete measurements 

of muscle function (e.g. grip strength) requiring fewer muscle groups and therefore less 

neuromuscular coordination [8]. Given the presence of AAC was associated with fall-related 

hospitalizations risk independent of measures of muscle strength and function, it suggests 

AAC may identify women at a higher risk of developing of falls by an as yet unknown 

mechanism.

It is known that parameters of vascular disease are related to impaired muscle function. 

For example in the Multi-Ethnic Study of Atherosclerosis of 6490 Americans free of CVD 

(aged 45–84 years, 53% female, ~9.2 years follow-up), greater CIMT and coronary artery 

calcification was related to faster decline in self-reported walking pace and walking speed, 

respectively [43]. Such results suggest an inverse relationship between vascular disease and 

physical functioning, thereby contributing to increased falls propensity. In our additional 

analysis, we report that grip strength, TUG and AAC24 were all independently associated 

with injurious falls in the multivariable-adjusted model. This suggests that AAC may 

simply reflect higher risk of CVD that contribute towards falls propensity independent of 

muscle strength and physical function. Nonetheless, it is possible that the aforementioned 

parameters might still be interrelated, especially since vascular factors have been suggested 

to play an important and under-recognized role in motor function [42]. It is hypothesized 

that vascular disease limits the capacity of an individual to undertake physical activity 

or low physical activity increases an individual’s propensity to develop vascular disease 

[9,44]. Collectively, such events have the potential to exacerbate other falls propensity risk 
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factors and cardiometabolic diseases. It is noteworthy that the association between AAC and 

fall-related hospitalizations was not attenuated after excluding women with prevalent ASVD, 

as well as including muscle function measures into the multivariable model. Such findings 

suggest that AAC may independently predict falls risk regardless of clinical vascular disease 

and poor musculoskeletal function. However, caution must be applied to interpreting these 

results given the potential for large changes in muscle and vascular parameters over the 

course of the follow up.

In regards to the links between falls propensity and vascular disease, numerous falls 

propensity risk factors such as dizziness, use of multiple medications, poor vision and 

impaired cognition may also manifest as part of CVD and its sequelae [4,9]. Risk factors for 

serious injury from falls were studied in 1103 community-dwelling Americans (mean age 

76.9 years, 73% female) over a median of ~2.5 years. Cognitive impairment, the presence 

of at least two chronic conditions and poor gait and balance were associated with a higher 

relative risk for serious falls-related injury by 120%, 100% and 80%, respectively [9]. 

Furthermore, medications commonly prescribed as part of managing metabolic syndrome 

may also increase falls risk [44,45]. For example, cardiovascular medications such as 

digoxin, class I anti-arrhythmic drugs and diuretics have been implicated in higher falls 

risk [4]. Type 2 diabetes mellitus, which often presents in conjunction with vascular disease 

[46,47] has also been identified as a risk factor for falls in older women. Consequently, 

the cause of injurious falls is likely to be multifactorial in nature. Although not all data 

and potential confounders were available in our cohort, our multivariable-adjusted model 

were based on established risk factors, while also including CVD medications (e.g. anti-

hypertensive, statins), prevalent disease and lifestyle factors (e.g. physical activity). This 

is an important consideration to determine if AAC is an independent to other known risk 

factors for injurious falls.

The study has several strengths including a long-term prospective follow-up (14.5-years) 

in a large number of older Australian women. LSI using DXA machines were used to 

quantify AAC, which were blindly scored by a single highly experienced investigator 

(JTS). LSI represents a cost-effective method, which can be incorporated as part of the 

routine diagnosis of osteoporosis, to assess AAC (to reduce fall-related hospitalizations 

risk). Future studies investigating the prognostic value of AAC, captured at the time of 

routine bone density testing, on falls risk and other non-vascular outcomes is warranted. 

Limitations of the study include its observational nature which does not permit causal links 

to be established and increases the possibility of bias due to residual confounding. AAC 

was assessed semi-quantitatively using AAC24 point scoring system which is operator 

dependent. However, good inter-operator agreement between our highly experienced 

investigator (JTS) and another experienced investigator with high intraclass correlation 

coefficients (ICC 0.89 95%CI 0.80–0.94) for AAC scores have been reported [30]. Unlike 

computed tomography, lateral spine imaging using either standard radiographs or DXA has 

lower image resolution that may impact the identification of smaller AACs. Nevertheless, 

with recent improvements to image resolution, AAC assessment via DXA represents a safe, 

reliable and low-cost approach that is already undertaken clinically as part of osteoporosis 

screening to identify people with vertebral fractures [48]. Given the study was undertaken 

in older community-dwelling women, the findings of this study may not be generalisable to 
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other populations such as older men. Finally, as AAC usually presents in conjunction with 

other vascular disease, any un-measured confounders cannot be ruled out when considering 

the observed relationship between AAC and falls.

4.1. Conclusion

In this study, we demonstrated that the AAC is independently associated with increased risk 

for fall-related hospitalizations in community-dwelling older Australian women. Although 

the mechanisms underpinning this relationship remain unclear, the presence of AAC24 may 

be considered a long-term risk factor for injurious falls in older women. Considering the 

large proportion of older women undertaking routine bone densitometry scans, including 

AAC24 assessment may present a simple and cost-effective method to identify individuals 

with higher falls risk, thus enabling early inclusion into falls prevention programs to 

facilitate healthy ageing.
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Fig. 1. 
Cubic spline regression analysis of the hazard ratio and 95%CI for fall-related 

hospitalizations over 14.5 years and abdominal aortic calcification 24 score (AAC24).

The reference value is set at AAC24 = 0.
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Fig. 2. 
Kaplan-Meier survival curve for abdominal aortic calcification (AAC) score categories for 

fall-related-hospitalizations.

No-AAC (AAC24 = 0), any AAC (AAC24 ≥ 1) categories are represented by black and light 

grey lines, respectively.
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