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Abstract
Objective: Examine if two inexpensive measures of atherosclerotic vascular diseases (ASVD);
abdominal aortic calcification (AAC) and high-sensitivity cardiac troponin I (hs-cTnI) provide
complementary information for 10-year ASVD mortality and all-cause mortality risk in older women.
Methods: 908 community-dwelling women without prevalent ASVD (≥75 years) were followed-up
between 2003 and 2013. AAC and plasma hs-cTnI measures were obtained in 2003. AAC was
assessed on lateral spine images using a semi-quantitative method (AAC24). Linked health records
were used for mortality outcomes.
Results: Mean ± SD age was 79.9 ± 2.6 years. 276 (30.4%) women died during follow-up, including
138 (15.2%) ASVD-related deaths. AAC24 and hs-cTnI were independently associated with ASVD
and all-cause mortality (P<0.001). The cohort was dichotomized into 4 groups: (i) low AAC24
(AAC24: 0 or 1) & <median hs-cTnI (n=163, referent), (ii) moderate-extensive AAC24 (AAC24: >1)
& <median hs-cTnI (n=280), (iii) low AAC24 & ≥median hs-cTnI (n=148), (iv) moderate-extensive
AAC24 & ≥median hs-cTnI (n=317). Compared to the referent group, a stepwise increase in relative
hazard (HR (95%CI)) for ASVD mortality was seen at 2.39 (1.05-5.46), 3.18 (1.35-7.79), and 5.38
(2.44-11.85) respectively. A similar associations were observed for all-cause mortality, at 1.58 (0.992.52), 2.38 (1.46-3.89) and 3.02 (1.93-4.72) respectively (all p<0.05).
Conclusion: Higher AAC and elevated hs-cTnI were associated with higher risk of ASVD mortality
and all-cause mortality, independent of each other. Stratifying by moderate to extensive AAC and
elevated hs-cTnI identified women at very high risk. Further studies investigating whether combining
factors may improve risk prediction are needed.

Key words: Biomarkers; Diagnostic Imaging; Epidemiology
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Key points
What is already known about this subject?
High-sensitivity cardiac troponin I (hs-cTnI) and abdominal aortic calcification (AAC) are associated
with increased atherosclerotic vascular disease (ASVD) mortality. Whether these measures provide
complementary prognostic information remain unclear.
What does this study add?
In this fundamental prognosis study of older women, we sought to determine whether hs-cTnI and
AAC provided independent and complementary prognostic information for 10-year ASVD and allcause mortality risk.
How might this impact on clinical practice?
This study highlights how two simple low-cost measures are strongly associated with ASVD and allcause mortality, independent of each other. One in three older women had elevated AAC and hs-cTnI
and were at particularly high risk of these outcomes.

4

Introduction
Atherosclerotic vascular disease (ASVD) contributes to over 80% of the burden of cardiovascular
disease (CVD) and is the leading cause of death globally.[1] Commonly misperceived as a disease of
middle-aged to older men, it is now accepted that overall lifetime risk of ASVD is similar in
women,[2] albeit with higher mortality rates.[3] In the United States, CVD is responsible for 1 in
every 3 deaths in women annually, with similar trends reported in other countries.[4] The exact cause
for poorer prognosis in women remains unclear. However, it may be due to a lack of awareness by
women and their primary healthcare providers about the risk, as well as a limited understanding of the
role of sex on the pathophysiological processes. This could lead to lower rates of screening, an
underuse of primary preventative strategies, including lifestyle modification, as well as the initiation
and adherence of CVD medications.[5]
Presently, most CVD risk scores often used to guide treatment have been developed from studies
comprising primarily of middle-age individuals, with older people being underrepresented, thus
creating challenges.[6] Unsurprisingly, conventional risk factors are shown to have stronger
associations with cardiovascular events in younger compared to older women.[7] This suggests lower
accuracy for risk prediction in the older populations. Consequently, a gap in essential knowledge and
evidence towards CVD prevention and management in older individuals, especially women, exists.
Newer approaches to identify older women at high risk of future CVD events and poorer prognosis
include structural (imaging) measures of vascular disease and circulating biomarkers. One such
biomarker is high-sensitivity cardiac troponin I (hs-cTnI), which is reported to have stronger
prognostic value for cardiovascular death in women compared to men.[8] Recently, we reported
hs-cTnI correlates with cardiovascular risk factors, and 14.5-year cardiac hospitalizations and
deaths in older women.[9] When considering imaging structural measures of vascular disease,
abdominal aortic calcification (AAC) can be obtained from machines used for routine bone mineral
density tests that are used widely used in older women to screen for osteoporosis. AAC is related
to ASVD in other vascular beds such as the carotid and coronary arteries,[10] and has been shown
to consistently predict poorer prognosis in a range of clinical settings,[11] including older
5

women.[12] As such, we sought to determine whether these readily available measures may
provide complementary information on ASVD mortality and all-cause mortality risk in older
women.
Methods
Ethics Statement
The study has been approved by the Human Research Ethics Committee of the University of
Western Australia and the Western Australian Department of Health, project number #2009/24.
Written informed consents was obtained from all participants. High-sensitivity cardiac troponin I
measures were obtained ~16 years (2018/2019) after collection of samples (2003) and were
therefore not disseminated to participants. Patient and public were not involved in the design, or
conduct, or reporting, or dissemination plans of the research. This article complies with the
STROBE reporting guidelines for observational studies.
Study Population
The study population consisted of participants who completed the 5-year randomized, controlled
trial of oral calcium supplements [13] and a smaller sub-study of calcium with vitamin D2 [14] to
prevent osteoporotic fractures that ended in 2003 (Calcium Intake Fracture Outcome StudyCAIFOS). For CAIFOS, older women (aged ≥70 years) were recruited via letter invitation from the
population through random selection from the Australian electoral roll (n=24,800). Participants
enrolled into the current investigation were weighted in favour of those in higher socio-economic
categories. However, they did not differ from the whole population of similar age in medication
use and health resource utilisation.[15] Inclusion and exclusion criteria were aged ≥70 years, likely
to survive a five-year study, and not receiving any bone active agents. There were no other specific
exclusions, suggesting that this cohort are likely to be similar to community-dwelling older
women. At the conclusion of CAIFOS, participants were enrolled in a further 10-years of
observational follow-up (Australian New Zealand Clinical Trials Registry 12617000640303). Of
the 1500 older women, 1,228 completed the CAIFOS trial and 1,081 of these women had both
AAC24 and hs-cTnI measurement available in 2003. Of these, 173 women had a history of ASVD
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hospitalizations prior to their clinic visit in 2003 (lookback period from 1980-2003) and were
excluded, resulting in a study sample size of 908 women.
Cardiovascular Risk Assessment
Medical history, including the presence of diabetes mellitus, and medications in 2003, were
obtained from all participants. Medical histories and medications, including antihypertensives and
statins, were verified by general practitioners, where possible. Smoking status was coded as nonsmoker or ex-smoker/current smoker if participants consumed more than 1 cigarette per day for
more than 3 months at any point in their lives. Participant weight was measured using digital
scales, with light clothing and no shoes, and height was measured with a stadiometer.
Biochemistry
Heparin plasma samples used for analysis were obtained in 2003. Venous blood samples were
acquired between 0830 and 1030 hours, after an overnight fast from 2200 hours. The blood samples
were processed within an hour of blood collection and stored at -80°C. All analyses were performed
in a core laboratory setting. hs-cTnI were measured in 2018/2019 using the Abbott ARCHITECT
i2000SR STAT hs-cTnI assay. The assay consists of a two-step immunoassay using
chemiluminescent microparticle immunoassay technology. This provided a 10% coefficient of
variation with a level of detection of 1.9ng/L. Observed values below this limit (n=5; range 1.41.9ng/L) were included in the results (0-50,000ng/L). Total cholesterol and high-density lipoprotein
(HDL) levels were also obtained from the 2003 samples (measured in 2018/2019) using an Abbott
ARCHITECT ci16200 Integrated System. All measurements were performed in a commercial
laboratory from samples not subject to previous freeze-thaw cycles. Specific details regarding
analytes, along with analytical range, imprecision profiles and reference intervals are provided in
Supplementary Table 1. Baseline creatinine was measured using an isotope dilution mass
spectrometry (IDMS) traceable Jaffe kinetic assay on a Hitachi 917 analyzer (Roche Diagnostics).
Only a subset of 872 women had an estimated glomerular filtration rate (eGFR) available for this
analysis. This was calculated using serum creatinine-derived CKD-EPI equation [16] as this has been
shown to predict ASVD in this cohort.[17]
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Lateral Spine Imaging
Digitally enhanced lateral single-energy images of the thoracolumbar spine were collected at the
time of bone density testing using a Hologic 4500A machine (Hologic, Bedford, MA, USA). A
single experienced investigator (JTS) read all images and scored AAC using the Kauppila semiquantitative scoring system.[18] Severity of AAC was categorised using previously published
groupings: low (AAC24 score 0 or 1: n=311); moderate (AAC24 score 2-5; n=363); and, extensive
(AAC24 >5: n=234).[12, 19]. We combined the moderate and extensive categories (low AAC and
moderate-extensive AAC: n=597). This was based on previous work using AAC scans from 5
years earlier (1998) demonstrating both moderate and severe AAC groups had significantly higher
risk of 15 year ASVD and all-cause mortality after adjusting for Framingham risk scores.[12]
Mortality outcomes
Mortality was identified via the WA Deaths Registry, linked via the Western Australian Data
Linkage System.[12] ASVD deaths were identified using coded multiple causes of death data using
the International Classification of Diseases, Injuries and Causes of Death Clinical
Modification,[20] and the International Statistical Classification of Diseases and Related Health
Problems, Tenth Revision, Australian Modification.[21] These codes included: coronary heart
disease (ICD-9-CM codes 410-414 and ICD-10-AM codes I20-I25); heart failure (ICD-9-CM code
428 and ICD-10-AM code I50); cerebrovascular disease excluding haemorrhage (ICD-9-CM codes
433-438 and ICD-10-AM codes I63-69); and peripheral arterial disease (ICD-9-CM codes 440-444
and ICD-10-AM codes I70-74). Where coded cause of death data was not yet available, Parts 1 and
2 of the death certificates were used.
Statistical Analysis
The distribution of hs-cTnI values were skewed, and therefore log-transformed. AAC scores were
examined as a continuous and categorical variable; low AAC (0-1) and moderate-extensive AAC
(≥2). hs-cTnI was modelled in two ways: firstly, as a continuous variable on the natural log scale,
and secondly, as a categorical variable;<median (<4.1ng/L) and ≥median (≥4.1ng/L). Unadjusted
and multivariable adjusted Cox proportional hazards regression analyses were used to determine
the association between categorical AAC and hs-cTnI measures with 10-year ASVD-related and
8

all-cause mortality. Months to follow up calculated from the time of first clinical visit to the date of
ASVD or all-cause death (2 d.p.) When considering hs-cTnI and AAC as continuous variables,
restricted cubic splines as part of Cox proportional hazards models were adopted.
AAC and hs-cTnI were combined into four groups to determine whether AAC and hs-cTnI
provided complementary information (i) low AAC and <median hs-cTnI (referent), (ii) low
AAC24 and ≥median hs-cTnI, (iii) moderate-extensive AAC and <median hs-cTnI, (iv) moderateextensive AAC and ≥median hs-cTnI. Cox proportional hazards regression analyses was performed
with multivariable adjusted models, adjusting for age, body mass index (BMI), diabetes, smoking
history, antihypertensive use, total cholesterol, high-density lipoprotein cholesterol (HDLC) and
treatment prescribed (placebo, calcium, calcium and vitamin D2). Further analysis was undertaken
with estimated GFR added onto multivariable adjusted models. Interaction tests were performed
between between the four AAC and hs-cTnI groups with the use of anti-hypertensive medications,
as a potential modifier of the association between these four groups and mortality outcomes in the
multivariable-adjusted model. A significance level of p for interaction <0.1 was adopted here.
Subgroup analyses was subsequently undertaken in patients (i) taking anti-hypertensive
medications; (ii) those not on antihypertensive medications. In addition, we performed
multivariable-adjusted survival analysis where we excluded individuals with hs-cTnI >15.6 ng/L.
This was undertaken as the cut-off for the 99th percentile among healthy women for this hsTnI
assay is 15.6 ng/L [9]. Proportional hazards assumptions were tested in STATA based on
Schoenfeld residual (estat phtest). P-values of >0.05 were recorded for all analysis indicating
proportional hazards assumptions were not violated. All analyses were performed using IBM SPSS
Statistics (IBM Corp. Released 2017. IBM SPSS Statistics for Windows, Version 25.0 Armonk,
NY: IBM Corp.) or STATA (version 13; StataCorp LP, College Station, TX). P<0.05 in two-tailed
testing were considered statistically significant.
Results
Baseline characteristics are presented in Table 1 and Supplementary Table 2. The distribution of
hs-cTnI and AAC24 in our population is presented in Supplementary Figure 1. 65.6% of the
overall study population had a moderate-extensive AAC24 score (AAC24≥2), and 51.2% had
9

≥median level of hs-cTnI (4.1 ng/L). Women with moderate-extensive AAC were older, had a
history of smoking, used hypertensive medications and had lower HDLC, compared to individuals
with low AAC. Compared to women with lower hs-cTnI, women with higher hs-cTnI were older,
had a greater BMI, were diabetic and used anti-hypertensive medication (Supplementary Table
2).
Associations of AAC or hs-cTnI separately with ASVD-related or all-cause mortality
Multivariable-adjusted restricted cubic splines demonstrating the relationship for AAC and hs-cTnI,
considered as separate continuous variables, with ASVD mortality and all-cause mortality are
presented in Figure 1. Unadjusted and multivariable-adjusted relative hazards for the association
between AAC (low vs. moderate-extensive) and hs-cTnI (<median-hs-cTnI vs. ≥median-hs-cTnI),
independently, with 10-year ASVD-related mortality and all-cause mortality are presented in
Supplementary Table 3. In our multivariable adjusted analysis, compared to women with low AAC,
those with moderate-extensive AAC had an 84% and 37% increased relative risk of 10-year ASVDrelated mortality and all-cause mortality, respectively. Similarly, compared to women with <median
hs-cTnI, those with ≥median hs-cTnI had 141% and 106% higher relative hazards for 10-year ASVDrelated mortality and all-cause mortality, respectively.
AAC and hs-cTnI for ASVD-related and all-cause mortality
Figure 2 presents an overview of the study population. There was a 27.6% absolute risk difference
for 10-year all-cause mortality and a 20.3% absolute risk difference for 10-year ASVD-related
mortality between those with low AAC and <median hs-cTnI (18% of the cohort) and those with
moderate-extensive AAC and ≥median hs-cTnI (35% of the cohort). Those with low AAC and
≥median hs-cTnI or vice versa were at intermediate risk. Compared to women with combined low
AAC and <median hs-cTnI, there was a stepwise increase in the unadjusted relative hazards for 10year ASVD-related mortality going from moderate-extensive AAC and <median hs-cTnI, low
AAC and ≥median hs-cTnI, moderate-extensive AAC and ≥median hs-cTnI, of 2.60 (1.14-5.92),
4.12 (1.77-9.60), and 7.01 (3.23-15.19) respectively. This trend remained consistent for 10-year
all-cause mortality, at 1.69 (1.06-2.70), 2.65 (1.63-4.31) and 3.47 (2.25-5.36) respectively; and,
remained significant in multivariable-adjusted analyses (Figure 3). Kaplan-Meier survival curves
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for the relationship of the aforementioned four groups with 10-year ASVD-related mortality and
all-cause mortality are presented in Supplementary Figure 2. Statistically significant interactions
were observed for the four groups with antihypertensive medications for both ASVD-related
mortality (p=0.003) and all-cause mortality (p=0.047). Subgroup analyses in patients not on
antihypertensive medications (n=393), those on antihypertensive medications (n=515), and
excluding women (n=37) with hs-cTnI >15.6 ng/L are presented in Supplementary Table 4,
Supplementary Table 5 and Supplementary Table 6, respectively.
Discussion
To our knowledge this is the first study to demonstrate, that stratifying older women by both
vascular calcification via AAC and hs-cTnI provide strong, robust, independent and
complementary information for 10-year risk of ASVD-related and all-cause mortality in older
women, beyond traditional CVD risk factors. These relationships remained similar after the
inclusion of traditional CVD risk factors. Given that bone density machines used to capture images
for AAC are widely used in older women, and are quicker, cheaper, more accessible and deliver
low radiation doses, whilst hs-cTnI can be assessed via blood tests, these markers may be a novel
and feasible, community-based, screening approach to stratify older women at high risk of poorer
long-term prognosis. Additionally, both measures provided information for women of intermediate
risk, represented by patients not prescribed antihypertensive medications in this cohort.
Nevertheless, further studies should confirm the clinical utility of this approach in similar
populations. Ultimately, such results are likely to contribute to the growing interest for both AAC
and hs-cTnI, [9, 22, 23] and may lead to safe and low-cost ways to improve screening and
distribution of scarce healthcare resources in older women, an often under recognised and
researched group.
The increased relative hazards we observed separately for hs-cTnI and AAC for ASVD-related and
all-cause mortality are consistent with other published literature.[24, 25] Our results demonstrated
a 1.8-fold and 1.4-fold increase in ASVD-related mortality and all-cause mortality respectively,
between minimal to no AAC groups and moderate-extensive AAC groups. This is consistent with a
prospective cohort study on 2,056 women, aged ≥65 years, demonstrating that the presence of any
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AAC was associated with higher total mortality (AAC present, 47%; AAC absent, 27%), and
higher cardiovascular mortality (AAC present, 18%; AAC absent 11%).[24] The strongest
relationships were also reported between aortic calcification and atherosclerotic cardiovascular
death or stroke.[24] Similarly hs-cTnI was independently associated with cardiovascular risk
factors, coronary artery disease, low grade inflammation and left ventricular abnormalities in a
study of elderly Swedish participants (n=968, female 50%, aged 70 years).[25] Collectively, this
body of work suggest that our current findings may be similar in other populations of older
women.
A systematic review and meta-analysis of cTn (both hs-cTnT and hs-cTnI), in healthy populations,
on all-cause and cardiovascular mortality reported a pooled risk ratio of 3.07 (95% CI, 2.32,4.06)
and 3.30 (95% CI, 1.77, 6.12) respectively, when comparing individuals with elevated cTn (>99th
percentile) to undetectable cTn.[22] A prospective cohort study in 5876 older adults over 65 years
[26] also demonstrated increased all-cause and cardiovascular mortality risk when comparing
individuals with moderate and high hs-cTnI, compared to those with low hs-cTnI. A median hscTnI of 2.6 ng/L was recorded in women without prevalent CVD,[26] which is lower compared to
the current investigation (4.1 ng/L). The discrepancy of these results is likely to be due to the older
age of our cohort.
In clinical settings, absolute risk scores for CVD currently include Framingham, SCORE,
QRISK3, PROCAM, WHO/ISH and Reynolds Risk Score.[6] Most of these risk scores were
developed in middle-aged people, excluding older men and women over 75 years. Prescribing
preventative medications in older population is an emerging area with recent evidence suggesting
that statins reduce the risk for atherosclerotic cardiovascular disease-related and all-cause mortality
in elderly individuals without symptomatic disease.[27] However, treatment guidelines are
generally developed based on randomised-controlled trials of younger individuals,[28] and clinical
decision-making tools are likely to translate poorly when implemented in older populations.
Consequently, we developed an objective combined measure to identify older women at greater
risk with minimal additional cost. Nevertheless, it is vital that further studies are undertaken in
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other prospective cohorts to determine prognostic utility of this tool, especially when considering
community-dwelling older men.
Limitations of this work need to be acknowledged. Firstly, the data linkage for hospitalization and
mortality records would not be available for women who may have moved out of Western
Australia. However, this is unlikely to influence our findings given the advanced age of the cohort.
Secondly, we did not have systolic blood pressure measures, comprehensive past medical history,
including mental health disorders and family history of CVD to compare discrimination
improvements from established risk prediction models mentioned above. Future studies with these
measures and AAC and hs-cTnI are needed to demonstrate whether the addition of these measures
to the prognostic scores lead to improvements in model discrimination and calibration. Our
participant group, being predominantly Caucasian older women, might not be representative of
other ethnicities. Further studies would be required to determine the reproducibility of our results
in other ethnic groups. Although plasma hs-cTnI assessment is reported to be stable after long-term
storage at − 80 °C, considerable variation in analyte concentration after sample storage may exist,
thus affecting the value of hs-cTnI in individual cases using frozen samples.[29] Strengths of our
study include the homogeneity of our large participant group with linked heath records, including
the assessment of AAC from a single experienced investigator.
In conclusion, we have demonstrated, for the first time that two simple and quick measures are
robustly associated with 10-year ASVD-related and all-cause mortality in older women,
independent of each other. One in three older women had elevated AAC and hs-cTnI and was at
high risk of future ASVD and all-cause death.
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Figure Legends
Figure 1: Multivariable-adjusted hazard ratios for abdominal aortic calcification 24 scores
(AAC24) and high-sensitivity cardiac troponin I (hs-cTnI), in relation to the risk of
atherosclerotic vascular disease mortality (ASVD) (A, C) and all-cause mortality (B, D)
over 10 years based on restricted cubic splines using the median of Tertile 1 as the
reference level. The multivariable-adjusted model included age, body mass index, diabetes,
smoking history, antihypertensive use, total cholesterol, high-density lipoprotein
cholesterol and treatment prescribed (placebo, calcium, calcium and vitamin D2). Median
value of Tertile 1 for AAC24 and hs-cTnl was 0 and 2.8 ng/L, respectively. For visual
simplicity, the x-axis for all graphs presented here were truncated at 3 SD above the mean.
Figure 2: Study cohort summary. 10-year atherosclerotic vascular disease mortality
(ASVD) and all-cause mortality in participants based on combined parameters of
abdominal aortic calcification 24 scores (AAC24) and high-sensitivity cardiac troponin I
(hs-cTnI).
Figure 3: Multivariable-adjusted 10-year atherosclerotic vascular disease mortality (ASVD)
and all-cause mortality by combined abdominal aortic calcification 24 scores (AAC24) and
high-sensitivity cardiac troponin I (hs-cTnI) measures. Data is expressed as number (%) or
95% confidence. Adjusted for age, BMI, diabetes, anti-hypertensive medications, smoking
history, randomisation, total cholesterol and high-density lipoprotein cholesterol. Low AAC
& ≤med-hsTnI, blue line; mod-ext AAC & ≤med-hsTnI, red line; Low AAC & ≥med-hsTnI,
green line; mod-ext AAC & ≥med-hsTnI, orange line.
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Table 1. Baseline characteristics of the study population.

All
Number (%)
908
Age, years
79.4 ± 2.6
BMI (kg/m2)
27.1 ± 4.5
Diabetes, yes (%)
54 (5.9)
Smoking history, yes (%)
307 (34.0)
Antihypertensive, yes (%)
515 (56.7)
Total cholesterol (mmol/L)
5.4 ± 1.0
HDLC (mmol/L)
1.6 ± 0.4
Randomisation
Placebo, yes (%)
444 (48.9)
Calcium, yes (%)
437 (48.1)
Calcium plus D2, yes (%)
27 (3.0)
Data expressed as mean ± SD or number (%).

Low AAC &
< median hs-cTnI

Categories based on AAC and hs-cTnI
Mod-ext AAC &
Low AAC &
< median hs-cTnI
≥ median hs-cTnI

Mod-ext AAC &
≥ median hs-cTnI

163 (18.0)
78.7 ± 2.6
27.0 ± 4.4
5 (3.1)
45 (27.6)
60 (36.8)
5.4 ± 0.9
1.7 ± 0.3

280 (30.8)
79.2 ± 2.5
26.3 ± 4.1
12 (4.3)
103 (37.1)
138 (49.3)
5.4 ± 1.0
1.7 ± 0.4

148 (16.3)
79.6 ± 2.6
27.8 ± 5.0
14 (9.5)
44 (29.7)
87 (58.8)
5.3 ± 1.0
1.7 ± 0.4

317 (34.9)
79.9 ± 2.7
27.4 ± 4.5
23 (7.3)
115 (36.5)
230 (72.6)
5.4 ± 1.0
1.6 ± 0.3

78 (47.9)
81 (49.7)
4 (2.5)

127 (45.4)
147 (52.5)
6 (2.1)

77 (52.0)
64 (43.2)
7 (4.7)

162 (51.1)
145 (45.7)
10 (3.2)

19

Figure 1
20

Figure 2

21

22

Figure 3
23

Supplementary Table 1. Analytical methodology for high sensitivity cardiac troponin I (hs-cTnI), total cholesterol and high-density lipoprotein (HDL).

Test

Units

Instrument

hs-cTnI

ng/L

Abbott Architect i2000

Total
cholesterol

mmol/L

Abbott Architect c16000

HDL

mmol/L

Abbott Architect c16000

Analytical principal
2-step CMIA
(chemiluminescent
microparticle
immunoassay)
Enzymatic
cholesterol
esterase/cholesterol
oxidase
Direct cholesterol
oxidase/peroxidase

Analytical range

Dilution
maximum
analytical
range

Imprecision profile

Expected reference
interval (adult)

3.2 - 50 000 ng/L

50 000 ng/L

6% at 6ng/L;
4.0% at 26.2ng/L

<16ng/L

0.5 - 18.3 mmol/L

73mmol/L

1.6% at 3.3mmol/L;
1.5% at 6.7mmol/L

<5.5 mmol/L

0.3 - 4.66 mmol/L

9.33 mmol/L

5.5% at 0.54mmol/L;
1.4% at 2.04mmol/L

>1 mmol/L (fasting)
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Supplementary Table 2. Cardiovascular risk factors of study participants at baseline, categorised by abdominal aortic calcification and
high sensitivity cardiac troponin. Oral calcium supplement randomisation based on the original CAIFOS study is provided.
All
Number (%)
Age, years
BMI (kg/m2)
Diabetes, yes (%)
Smoking History
Antihypertensive, yes (%)
Total cholesterol (mmol/L)
HDLC (mmol/L)
Randomisation
Placebo, yes (%)
Calcium, yes (%)
Calcium plus D2, yes (%)

908
79.4 ± 2.6
27.1 ± 4.5
54 (5.9)
307 (34.0)
515 (56.7)
5.4 ± 1.0
1.6 ± 0.4

AAC24
Low
Mod-ext.
311(34.3)
597 (65.7)
79.1 ± 2.6
80.0 ± 2.6
27.3 ± 4.7
26.9 ± 4.3
19 (6.1)
35 (5.9)
89 (28.6)
218 (36.8)
147 (47.3)
364 (61.6)
5.4 ± 0.9
5.4 ± 1.0
1.7 ± 0.4
1.6 ± 0.4

444 (48.9)
437 (48.1)
27 (3.0)

155 (49.8)
145 (46.6)
11 (3.5)

289 (48.4)
292 (48.9)
16 (2.7)

p-value
0.009
0.180
0.881
0.014
<0.001
0.422
0.039
0.666

Hs-cTnI
<Median
≥Median
443 (48.8)
465 (51.2)
79.1 ± 2.5
79.8 ± 2.7
26.6 ± 4.2
27.5 ± 4.7
17 (3.8)
37 (8.0)
148 (33.6)
159 (34.3)
198 (44.7)
317 (68.2)
5.4 ± 1.0
5.4 ± 1.0
1.7 ± 0.3
1.6 ± 0.4
205 (46.3)
228 (51.5)
10 (2.3)

239 (51.4)
209 (44.9)
17 (2.7)

p-value
<0.001
0.001
0.009
0.804
<0.001
0.346
0.336
0.095

Data expressed as mean ± SD or number (%). p-value between groups were determined by chi-squared test for discrete variables and
ANOVA for continuous variables. BMI indicates body mass index; HDLC, high-density lipoprotein cholesterol; mmHg, millimetres
mercury. a Measured in 872 women
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Supplementary Table 3. Multivariable-adjusted hazard ratios (HR) for 10-year ASVDrelated and all-cause mortality by AAC or hs-cTnI.
No. of events (%)

Unadjusted
HR (95% CI)

Multivariable-adjusted
HR (95% CI)

ASVD death
Low AAC
Mod-ext. AAC

30 (21.7)
108 (78.3)

Ref
2.00 (1.33-2.99)

Ref
1.84 (1.22-2.78)

<Median hs-cTnI
≥Median hs-cTnI

37 (26.8)
101 (73.2)

Ref
3.02 (2.07-4.40)

Ref
2.41 (1.63-3.56)

Any death
Low AAC
Mod-ext. AAC

75 (27.2)
201 (72.8)

Ref
1.48 (1.14-1.93)

Ref
1.37 (1.04-1.79)

<Median hs-cTnI
≥Median hs-cTnI

91 (20.5)
185 (39.8)

Ref
2.23 (1.74-2.87)

Ref
2.06 (1.58-2.67)

Data is expressed as number (%) or 95% confidence. p-value was determined using cox
regression. AAC was scored out of 24 points, with low AAC (0-1) and mod-ext AAC (>1).
hs-cTnI indicates high sensitivity cardiac troponin I, with <median hs-cTnI (<4.1ng/dL) and
≥median hs-cTnI (≥4.1ng/dL). Adjusted for age, BMI, diabetes, anti-hypertensive
medications, randomisation, smoking history, total cholesterol and high-density lipoprotein
cholesterol.
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Supplementary Table 4. Multivariable-adjusted 10-year ASVD and all-cause mortality by
combined AAC and hs-cTnI measures in patients not on antihypertensive agents.
Multivariable-adjusted HR (95% CI)

p-value

ASVD-related mortality
Low AAC & ≤med-hsTnI
Mod-ext AAC & ≤med-hsTnI
Low AAC & ≥med-hsTnI

Reference
3.20 (0.69-14.87)
5.67 (1.14-28.23)

0.139
0.034

Mod-ext AAC & ≥med-hsTnI

15.85 (3.72-67.6)

0.001

All-cause mortality
Low AAC & ≤med-hsTnI

Reference

Mod-ext AAC & ≤med-hsTnI

1.65 (0.84-3.24)

0.148

Low AAC & ≥med-hsTnI

2.89 (1.39-6.01)

0.005

Mod-ext AAC & ≥med-hsTnI

4.41 (2.30-8.45)

<0.001

Data is expressed as number (%) or 95% confidence. p-value was determined using logistic
regression. Adjusted for age, BMI, diabetes, smoking history, randomisation, total cholesterol
and high-density lipoprotein cholesterol.
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Supplementary Table 5. Multivariable-adjusted 10-year ASVD and all-cause mortality by
combined AAC and hs-cTnI measures in patients on antihypertensive agents.
Multivariable-adjusted HR (95% CI)

p-value

ASVD-related mortality
Low AAC & ≤med-hsTnI
Mod-ext AAC & ≤med-hsTnI
Low AAC & ≥med-hsTnI

Reference
1.73 (0.65-4.59)
1.91 (0.70-5.25)

0.275
0.208

Mod-ext AAC & ≥med-hsTnI

2.56 (1.01-6.47)

0.047

Reference
1.29 (0.67-2.48)
1.74 (0.89-3.40)
1.98 (1.08-3.64)

0.446
0.104
0.028

All-cause mortality
Low AAC & ≤med-hsTnI
Mod-ext AAC & ≤med-hsTnI
Low AAC & ≥med-hsTnI
Mod-ext AAC & ≥med-hsTnI

Data is expressed as number (%) or 95% confidence. p-value was determined using logistic
regression. Adjusted for age, BMI, diabetes, smoking history, randomisation, total cholesterol
and high-density lipoprotein cholesterol.
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Supplementary Table 6. Multivariable-adjusted 10-year ASVD and all-cause mortality by
combined AAC and hs-cTnI measures in 871 women with high sensitivity cardiac troponin I
<15.6 ng/L.
Multivariable-adjusted HR (95% CI)

p-value

ASVD-related mortality
Low AAC & ≤med-hsTnI

Reference

Mod-ext AAC & ≤med-hsTnI

2.40 (1.05-5.48)

0.038

Low AAC & ≥med-hsTnI

3.08 (1.30-7.31)

0.011

Mod-ext AAC & ≥med-hsTnI

5.03 (2.27-11.16)

<0.001

All-cause mortality
Low AAC & ≤med-hsTnI

Reference

Mod-ext AAC & ≤med-hsTnI

1.59 (1.00-2.54)

0.053

Low AAC & ≥med-hsTnI

2.30 (1.39-3.79)

0.001

Mod-ext AAC & ≥med-hsTnI

2.91 (1.85-4.59)

<0.001

Adjusted for age, body mass index, diabetes, smoking history, antihypertensive use, total
cholesterol, high-density lipoprotein cholesterol (HDLC) and treatment prescribed (placebo,
calcium, calcium and vitamin D2)
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Minimum: 0.8ng/L
Maximum: 326.9ng/L
Median: 4.1ng/L
25th percentile: 3.1ng/L
75th percentile: 5.8ng/L

≥

Minimum: 0
Maximum: 22
Median: 3
25th percentile: 1
75th percentile: 6

Supplementary Figure 1. Distribution of high sensitivity cardiac troponin I and abdominal
aortic calcification 24 scores in the study population.
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Supplementary Figure 2. Kaplan-Meier survival curves for 10-year ASVD and all-cause mortality by groups based on combined AAC and hscTnI measures. Low AAC & ≤med-hsTnI-blue line; mod-ext AAC & ≤med-hsTnI-red line; Low AAC & ≥med-hsTnI-green line; mod-ext AAC &
≥med-hsTnI-orange line.
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