UC San Diego
UC San Diego Previously Published Works

Title

Calcification of the splenic, iliac, and breast arteries and risk of all-cause and cardiovascular

mortality

Permalink

|https://escholarship.orgc/item/9q7528f7|

Authors

Hendriks, Eva JE
Beulens, Joline WJ
de Jong, Pim A

Publication Date
2017-04-01

DOI
10.1016/j.atherosclerosis.2017.01.029

Peer reviewed

eScholarship.org Powered by the California Digital Library

University of California


https://escholarship.org/uc/item/9q75z8f7
https://escholarship.org/uc/item/9q75z8f7#author
https://escholarship.org
http://www.cdlib.org/

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Atherosclerosis. Author manuscript; available in PMC 2018 April 01.

-, HHS Public Access
«

Published in final edited form as:
Atherosclerosis. 2017 April ; 259: 120-127. doi:10.1016/j.atherosclerosis.2017.01.029.

Calcification of the splenic, iliac, and breast arteries and risk of
all-cause and cardiovascular mortality

Eva J. E. Hendriks?, Joline W. Beulens®P, Pim A. de Jong®, Yvonne T. van der Schouw?,
Wei-Ning Sund, C. Michael Wrightd-€¢, Michael H. Criquid, Matthew A. Allison?f9, and
Joachim H. Ixdfg*

aJulius Center for Health Sciences and Primary Care, University Medical Center Utrecht, Utrecht,
The Netherlands PDepartment of Epidemiology and Biostatistics, VU Medical Center, Amsterdam,
The Netherlands cDepartment of Radiology, University Medical Center Utrecht, Utrecht, The
Netherlands 9Department of Family Medicine and Public Health, School of Medicine, University of
California, San Diego, California eScripps Health, La Jolla, California 'Division of Nephrology,
Department of Medicine, School of Medicine, University of California, San Diego, California
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Abstract

Background and aims—CVD risks associated with coronary artery calcification (CAC) and
aortic calcification (AC) are well known, but less is known about other calcified arteries. We
aimed to assess the associations of arterial calcification in the breast, splenic, and internal and
external iliac arteries with CVD risk factors and mortality.

Methods—We conducted a case-cohort study nested in a cohort of 5196 individuals who self-
referred or were referred by a health care provider for whole body computed tomography (CT),
including a random subcohort (n=395) and total and CVVD mortality cases (n=298 and n=90), who
died during a median follow-up of 9.4 years. Arterial calcification in the breast, splenic, and
internal and external iliac arteries on CT was scored using a simple visual score. AC and CAC
were previously measured using the Agatston technique. Logistic regression models were made to
study associations of CVD risk factors with calcification in the different vascular beds. Prentice-
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weighted Cox proportional hazards models adjusted for CVD risk factors, and calcification in
other vascular beds, were used to study associations with mortality.

Results—In the subcohort, the mean age was 56.6 years (SD 11.1) and 41.3% were female. The
prevalence of calcification on CT, was 11.6% in the splenic, 47.9% in the internal iliac and 9.5%
in the external iliac arteries, while 3.7% of women had breast artery calcification (BAC).
Calcification in the splenic and iliac arteries was associated with calcification in the abdominal
aorta but differentially associated with other CVD risk factors in logistic regression models. The
prevalence of BAC was too low to fit these multivariable models. Calcification of the external iliac
arteries was significantly associated with both all-cause and CVD mortality, but no longer
significant when adjusted for CVD risk factors. Breast artery calcification was associated with
both all-cause and CVVD mortality independent of CVD risk factors and AAC and CAC (all-cause
HR 5.67 [95% CI 1.50-21.41]).

Conclusions—Risk factors associated with calcification, and the association of calcification

with risk of mortality differ across vascular beds, possibly reflecting different pathophysiology.

Keywords
Vascular calcification; cardiovascular risk factors; mortality

Introduction

Most research on arterial calcification has focused on intimal calcification arising within
atherosclerotic plaques in the coronary arteries, the aorta, and carotid bifurcation.1=3 Intimal
calcification is closely associated with traditional cardiovascular risk factors, including
smoking and hyperlipidemia.l However, other patterns of calcification are also recognized
and can occur independently, namely calcification occurring in the arterial media and
internal elastic lamina.* These non-atherosclerotic types of calcification are often lumped
together under the heading of “medial arterial calcification” (MAC). MAC seems to share
some, but not all, risk factors of intimal calcification.> MAC occurs frequently in patients
with diabetes and kidney disease and its prevalence increases with older age®8 but smoking
is associated with a lower prevalence of MAC®-12 and hyperlipidemia does not associate
with MAC.8:11 This suggests that MAC is a distinct disease process.13

Classic MAC has a circumferential and continuous “railroad” appearance on radiographs,
while intimal calcification is typically spottier, but it remains difficult to distinguish MAC
from intimal calcification /7 vivo. MAC is known to occur frequently in female breast
arteries, the carotid siphon and leg arteries.5:":14 Calcification of the splenic artery is thought
to be predominantly medial.1> Only one previous study related cardiovascular risk factors to
the presence of calcium in the splenic artery and found a significant unadjusted correlation
of glucose levels with splenic artery calcification, but did not study a comprehensive set of
risk factors.16

There are little data assessing the relationship of MAC with cardiovascular end-points. The
few studies that do exist indicate higher risks.”11:17 Breast artery calcification (BAC) on
mammography has been associated with an increased risk of cardiovascular disease.18 While
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prior studies have examined the association of BAC on digital mammography with CT-
identified coronary atherosclerosis, to our knowledge, no studies have directly examined
BAC on computed tomography (CT).1 For the splenic artery, we are not aware of any
studies determining associations with clinical outcomes.

Therefore, our first aim was to evaluate the risk factors associated with calcification in a
number of small to medium sized arteries, namely the female breast artery, the splenic artery
and the internal and external iliac arteries. Our second aim was to determine the associations
of arterial calcification in the breast, splenic artery and both internal and external iliac
arteries with all-cause and cardiovascular mortality.

Patients and methods

Population

The study population consisted of 5196 community-living individuals that were self-referred
or referred by their primary care physician for CT scanning for preventive medicine
purposes in San Diego between 2000 and 2003. The study population is described in detail
elsewhere.20

For this study, we designed a nested case-cohort study. This is an efficient and frequently
used design used to evaluate associations between baseline determinants and outcomes by
evaluating a random sample of all participants at baseline (the subcohort) and all cases
occurring from the entire cohort.2! This approach made it feasible to validly study
calcification in a number of added vascular beds while only measuring them in the subcohort
and cases.22 A sample of 395 (7.5%) participants was drawn randomly from all baseline
participants, forming the subcohort. We previously showed that sampling fractions above 5%
yield valid estimates of HR and SE, when using Prentice-weighting.22 Our cases constituted
all deceased participants (n=298), resulting in a total sample size of 670, as some cases were
also sampled in the randomly selected subcohort, as expected (Figure 1).

Baseline measurement of risk factors

At baseline, all participants provided information on demographics, risk factors and past
medical history. Smoking status was self-reported as former, current or never. Height and
weight were measured and body mass index (BMI in kg/m?2) was calculated. Trained
technicians measured blood pressure after at least 5 minutes of rest. Random serum lipid and
glucose measurements were obtained by finger-stick using the Cholestec LDX system
(Hayward, CA, USA). Baseline measurements are described in more detail previously.2°
Diabetes was defined as blood glucose level greater than 200 mg/dl or use of antiglycemic
medication. Dyslipidemia was defined as a ratio of total cholesterol to high-density
lipoprotein cholesterol greater than 5 or use of a cholesterol-lowering medication.
Hypertension was defined as systolic blood pressure greater than 140 mm Hg or diastolic
pressure greater than 90 or use of hypertensive medication for this condition.
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Assessment of calcification

All participants underwent “whole body” CT scans i.e. scanning from the base of the skull to
the pubic symphysis. Details on scanning procedures are described elsewhere.3 Within the
thoracic aorta, abdominal aorta, carotid, coronary, and iliac arteries (common and external),
calcium scores had been calculated previously using the method described by Agatston.23:24
For this study, we used thoracic and abdominal/pelvic CT scans with a slice thickness of 6
mm to measure breast, splenic, external and internal iliac artery calcification in the
subcohort and cases only (Figure 2).

For all participants in the subcohort, and all death cases, additional scoring of the breast
(females), splenic, and internal and external iliac arteries was conducted by a researcher
(EJEH) blinded to the patients’ clinical data. Calcification in the breast arteries was scored
as absent or present. Calcification in the splenic artery and internal and external iliac arteries
were scored as absent, mild, moderate, or severe using the following cut-points for artery
length affected with calcification: 0, <0.5 cm, 0.5-1.5 cm, and >1.5 cm for the splenic artery
and 0, <1cm, 1cm-3cm, and >3cm for the internal and external arteries, respectively. This
method is an extension of previous work.16:25 The pre-specified cut-offs are arbitrary. We
used the ruler tool in the OsiriX Imaging Software25, but because of the tortuosity of the
arteries we evaluated, the length is considered an estimate. Two researchers scored a random
sample of 30 scans independently (EJEH and PAdJ). The Cohen’s kappa’s for inter-rater
reliability for presence/absence of calcification were 0.43 (95% CI 0.0 — 0.89), 0.47 (95% CI
0.14-0.80), 0.93 (95% CI 0.81-1.06), and 0.59 (95% CI 0.28-0.90) for the breast, splenic,
internal iliac and external iliac arteries, respectively. The linear weighted kappa for the
grades of calcification were 0.62 (95% CI 0.36-0.87) for the splenic artery, 0.70 (95% CI
0.53-0.87) for the internal iliac artery and 0.52 (95% CI 0.25-0.78) for the external iliac
artery.

Cardiovascular and All-Cause Mortality

As described previously, all participants in the parent study were followed longitudinally for
mortality20-27 using both the Social Security Death Index and the National Death Index
through the 315t of December 2010. Patients were cross-referenced with study records to
confirm identity. Death certificates were obtained for deaths ascertained through the Social
Security Death Index and study physicians with experience in adjudicating CVD outcomes
adjudicated the underlying and contributing causes of death. For the subset who were found
to be dead by the National Death Index only, we were provide a short synopsis of cause of
death and used this to classify CVD versus non-CVD related deaths. CVD-specific mortality
included myocardial infarction, stroke, congestive heart failure, coronary artery disease, and
other vascular diseases. Events categorized under “other vascular diseases” were rare
individually; examples include rupture of an abdominal aortic aneurysm and death related to
peripheral arterial disease complications. A total of 298 deaths occurred during this period,
of which 90 were classified as CVD-specific mortality.

Statistical analyses

To identify unique risk factors associated with calcification in the different vascular beds, we
conducted a cross-sectional study among the subcohort participants only. Characteristics of
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the subcohort were described by presence or absence of calcification in the different arteries,
as means with standard deviations or percentages with number for continuous and
categorical variables, respectively. For non-normally distributed continuous variables,
median and interquartile ranges are given. Characteristics were not disaggregated by BAC
status for women because the number of women with BAC in the subcohort was too small to
be considered reliable (n=6).

Multiple imputation techniques were used to impute missing data in the baseline co-
variables used in multivariable analysis?8. Data from the full cohort was used for the
imputation. In the full cohort, the mean percentage missing of the covariables that were
imputed was 7.8%, with a maximum of 22.7% (for measured systolic blood pressure).
Analyses were run on 15 imputed datasets and combined to obtain estimates and confidence
intervals using Rubin’s rule.2®

To assess the risk factors associated with calcification in the different vascular beds, we used
logistic regression models with risk factors as independent variables and calcification
presence or absence in the respective beds as the dependent variables. We first studied the
univariable (crude) associations between each of the risk factors and calcification as the
outcome (Models 1). Next, we made a multivariable model including traditional CVD risk
factors (smoking status [former, current, never], dyslipidemia [present/absent], BMI
[continuous], diabetes [present/absent], and hypertension [present/absent], Model 2). In
model 3 the log of 1+ the quantification of the calcification of the coronary arteries and the
thoracic and abdominal aorta were added.

To assess associations of calcification in each vascular bed with CVD death and all-cause
mortality, we used both the subcohort and the death cases. We used modified Cox
proportional hazards models that were adapted for analysis of case-cohort data as described
by Prentice et al.2! In model 1, we modeled the presence/absence of calcification in each
vascular bed as the independent variable and adjusted for age and sex. In model 2, we
additionally adjusted for smoking status, dyslipidemia, BMI, diabetes and hypertension. In a
third model, we additionally adjusted for the number of vascular beds (0-5) with evidence of
calcification (Agatston score > 0): carotid arteries, thoracic aorta, abdominal aorta, common
& external iliac arteries and coronary arteries. To determine whether a graded severity of
calcification is associated with the mortality outcomes, we also modeled calcification in the
splenic, internal and external iliac arteries by categories of severity, adjusting for variables
described in model 2 above. The proportional hazards assumption was assessed by
correlation tests of Schoenfeld residuals for the BAC variable and event time, using a
procedure adapted to the case-cohort design.3% No violations were detected.

Statistical analyses were performed using R, version 3.2.0 (R Foundation for Statistical
Computing, Vienna, Austria.). Add-on packages ‘Amelia’ (1.7.2) and ‘survival’ (2.38-1)
used for multiple imputation and Cox proportional hazards regression, respectively.
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Among the 395 individuals randomly sampled for inclusion in the subcohort, the mean age
at baseline was 56.6 years (SD 11.1) and 41.3% were female. The prevalence of calcification
in the subcohort was 11.6% (n=46) for the splenic artery, 47.9% (n=187) for the internal
iliac artery and 9.5% (n=37) for the external iliac artery. Among the 163 women, 3.7% (n=6)
had BAC. Characteristics of the subcohort by presence of calcium in the different vascular
beds are shown in Table 1. Across the different vascular beds, those with artery calcification
were older, more frequently male and former smokers, and had higher prevalence of
diabetes, hypertension, and dyslipidemia. BMI was similar among those with and without
artery calcification.

Associations of risk factors with presence of calcium in different vascular beds

Table 2 shows the unadjusted and multivariably adjusted associations of risk factors with
presence of calcium in the splenic, internal iliac and external iliac arteries. Age and diabetes
were the only two factors that were strongly and independently associated with splenic
artery calcification (ORs per 10 years 3.85 [95% CI 2.53-5.84] and 4.18 [95% CI 1.15-
15.25], respectively, Model 2). Calcifications in the coronary and abdominal aorta were also
strongly associated with splenic artery calcification. Adjustment for these variables
somewhat attenuated the association of age with splenic calcification and did not
meaningfully alter the strong associations of age and diabetes with splenic artery
calcification.

Risk factors associated with internal iliac calcification differed from those associated with
splenic artery calcification. Here, age (OR per 10 years 3.74 [95% CI 2.74-5.12]), male sex
(OR [95% CI 4.04 2.28-7.16]), and current smoking (OR 4.21 [95% CI 1.61-10.96]) were
independently associated with iliac calcification, whereas diabetes was not (model 2).
Calcification in the coronary arteries and abdominal aorta were also strongly associated with
internal iliac artery calcification. Inclusion of these calcification variables weakened the
association of age and smoking with internal iliac calcification, but the association of male
sex with internal iliac calcification persisted despite this adjustment, and age and current
smoking were rendered not significant but borderline (p=0.059 and p=0.089, respectively,
Model 3).

For external iliac artery calcification, age (OR per 10 years 3.47 [95% CI 2.21-5.45]),
current smoking (25.23 [95% CI 6.75-94.33]), and diabetes (6.07 [95% CI 1.32-27.86])
were found to be independent risk factors (Model 2). Again, calcification in the abdominal
aorta was strongly associated with external iliac calcification. The effect size estimate of the
association of CAC with external iliac artery calcification was similar as with internal iliac
artery calcification, but not significant. After adjustment for calcification in these vascular
beds, only smoking persisted (OR 9.05 [95% CI 1.88-43.54]) as an independent risk factor
for external iliac calcification, and diabetes closely approached statistical significance (OR
6.14 (95% CI 0.91-41.36]) in Model 3.

Atherosclerosis. Author manuscript; available in PMC 2018 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hendriks et al.

Page 7

Associations of presence of calcium in different vascular beds risk with mortality

During 9.4 years median follow-up, 298 participants died (115 deaths among female), of
which 90 (37 among females) were classified as CVD deaths. Table 3 depicts the
associations of calcification prevalence with CVD mortality and all-cause mortality.
Presence of BAC was significantly and strongly associated with both CVD mortality (HR
12.30 [95% CI 2.84-53.37]) and all-cause mortality (HR 4.67 [95% CI 1.57-13.88]),
adjusted for age. After multivariable adjustment for traditional CVD risk factors, BAC
remained significantly associated with total mortality (HR 5.67 [95% CI 1.50-21.41]).
While the hazard ratio for CVD mortality remained very high based on the point estimate,
the association was no longer statistically significant, perhaps because of limited statistical
power (HR 19.05 [95% CI 0.76-480.64]).

Although point estimates were greater than 1, we did not find significant associations of
splenic artery or internal iliac artery calcification with CVD mortality or total mortality,
neither when adjusting for age and sex (HRs ranging from 1.24 to 1.69) nor when
additionally adjusting for other CVD risk factors (HRs ranging from 0.91 to 1.51).
Conversely, external iliac artery calcification was associated with both CVD mortality and
all-cause mortality when adjusting for age and sex (HRs 2.15 [95% CI 1.06-4.38] and 1.86
[95% CI 1.08-3.20], respectively), but the associations attenuated to non-significant when
additionally adjusted for CVD risk factors (HRs 1.47 [95% CI 0.63-3.42] and 1.34 [95% CI
0.73-2.47]). Adding the sum score of the number of calcified vascular beds (Agatston score
> 0) further lowered estimates. The results of the analysis relating calcification by graded
severity to mortality outcomes are shown in supplemental Table 1. The associations were
largely non-significant across the different vascular beds.

Discussion

In this nested case-cohort study, we determined the association of various risk factors with
calcification in the splenic, internal and external iliac arteries, and the association of
calcification in these arteries with mortality. We found that the presence of calcium in the
abdominal aorta was strongly associated with calcium in the splenic, internal, and external
iliac arteries. However, the associations of traditional CVD risk factors with calcification
differed across artery beds. Calcification in the splenic, internal or external iliac arteries was
not associated with mortality after multivariable adjustment. In contrast, BAC was
uncommon, but when present, was strongly and independently associated with mortality
risk.

Our first aim was to evaluate the risk factors associated with calcification in a number of
small to medium sized arteries and to see if differences inform potential underlying
pathophysiological mechanisms (i.e. intimal/atherosclerotic versus MAC/non-atherosclerotic
calcification). In the literature, older age’2:11, diabetes,”:811.17 and kidney disease 17 are
consistently associated with higher prevalence of MAC. In contrast, smoking is related to
lower prevalence of MAC or studies report a lack of association.9-1217:31 Although there is
some heterogeneity, most studies report no relationship of hypertension or dyslipidemia with
MAC.8.11L17 For atherosclerotic calcification, such as predominant in the coronary arteries,
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traditional cardiovascular risk factors, including smoking and hyperlipidemia are associated
with calcification.2:11.17

Splenic artery calcification has been described as predominantly medial in prior studies.® In
our study, only age and diabetes were significantly associated with splenic artery
calcification, which fits a MAC profile. To our knowledge, only one previous study related
cardiovascular risk factors to the presence of calcium in the splenic artery.1® This study
showed a small (r=0.17) but significant correlation between blood glucose level and splenic
calcification in 276 patients at high CVD risk, but no significant correlations with BMI,
cholesterol or systolic blood pressure. These findings are consistent with the association of
diabetes with splenic artery calcification observed in our study. In the previous study, strong
correlations were found between splenic artery calcification and calcification in other
vascular beds, similar to our study. However, this prior study evaluated individual risk
factors without multivariable adjustment. Thus, one important contribution of our study is
that it demonstrates the independent relationship of risk factors with splenic artery
calcification for the first time. We find that diabetes and age are strong and independent risk
factors for splenic calcification.

The risk factors for calcification of the internal and external iliac arteries were generally
similar in our study, although age and male sex were significant risk factors for the internal
iliac artery but not for the external iliac artery. Importantly, current smoking was a risk factor
associated with both internal and external iliac artery calcification. As smoking is an
important risk factor for atherosclerosis but associated with a lower prevalence of MAC in
prior studies, it is possible that calcification of the internal and external iliac artery reflects
predominantly atherosclerotic, intimal calcification rather than MAC. Prior studies have
generally grouped parts of the iliac vasculature (internal, external, common) together and
report associations with age, male gender, hypertension, diabetes and smoking.32 A prior
study from this cohort also reported on the associations with calcium in the combined
common and external iliac arteries, and found independent associations with age,
hypercholesterolemia and cigarette smoking.3 In contrast, we did not find associations with
hypertension or hypercholesterolemia in this study, but we also did not incorporate the
slightly larger common iliac artery. We hypothesize that hypercholesterolemia, hypertension,
and smoking are important risk factors for intimal calcification but not necessarily for MAC
and that their role in calcification increases as the contribution of atherosclerotic
calcifications to the total calcium burden increases.

A secondary objective of this study was to determine whether calcification in medium sized
arteries is associated with mortality, and whether such associations differed across artery
beds. For calcification in the splenic, internal and external iliac arteries we did not find
associations with mortality in adjusted models. Hazard ratios were consistently greater than
one across models, albeit not significant. Prior studies have reported similarly sized, but
statistically significant, associations of common iliac artery calcification with mortality, yet
to our knowledge, no prior study has differentiated calcification in the common, external, or
internal iliac arteries.2%:33 Thus, future studies are required to determine if associations of
calcification in these arteries are attenuated and explained by age and other CVD risk
factors, or if our results were rendered not significant due to insufficient statistical power.
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We found that presence of BAC on CT in females was strongly and significantly associated
with increased risk of both CVD and all-cause mortality after adjusting for cardiovascular
risk factors. These results should be interpreted with caution since we had a limited sample
size for women, resulting in wide confidence intervals. Prior studies have demonstrated that
BAC on mammography is associated with cardiovascular mortality, but associations were
less strong than observed in this study.® In similarly aged populations, the prevalence of
mammographic BAC has been reported to be higher than that observed here by CT. CT may
be less sensitive, thus simultaneously resulting in lower prevalence estimates, and stronger
associations with end-points. Consistent with this hypothesis, a prior study on the
association of mammographic BAC with cardiovascular outcomes showed stronger
associations for severe BAC compared to any BAC.18 Although our findings do not have
direct clinical implications, our results support the relevance of MAC as a clinically
significant entity. Further research is needed to establish to what extent it contributes to the
total cardiovascular disease burden and whether it could form a potential treatment target.

This study has multiple strengths. To our knowledge, this is the first study to evaluate
associations of splenic and BAC on CT with mortality risk. The community-based setting,
availability of imaging of multiple vascular beds, and traditional CVD risk factors allow us
to determine and compare strengths of association with risk factors and outcomes across
medium sized artery beds. Despite this and other strengths, the study also has important
limitations. The study sample was not originally collected for research purposes, resulting in
missing values for some variables. The study sample consists of patients self-referred or
referred by a provider, which somewhat limits generalizability of the study’s findings to the
population as a whole. As a consequence of using dichotomized variables for dyslipidemia
and hypertension, there is a possibility for some residual confounding. For grading
calcification severity, we used a semi-quantitative scoring method with some degree of
subjectivity, reflected in moderate inter-rater agreement for some vascular beds. Variation
between observers can be explained by differences in detections; small calcifications that are
missed by one of both observers, and by different judgments; high density voxels judged to
be noise related or judged to be outside the arterial wall. Future studies using quantitative
assessment and semi-automated centerline length for tortuous vessels may provide more
accurate and reproducible calcification measures. Some of the confidence intervals were
quite wide, indicating low statistical power. When positive and significant, we are confident
in these associations, but have less confidence in the precision of the estimate. Associations
should be interpreted within the confines of the reported 95% confidence intervals. This was
especially true for the analysis of BAC, which was limited to women and had low
prevalence, and the analysis by grades of severity. Unfortunately, due to the limited number
of women with BAC in the subcohort we could not assess the associations of risk factors
with the presence of BAC in our study. We lack pathological data, which would clarify
whether calcification in a certain bed is predominantly medial, intimal or both and could
provide further insight into the consequences associated with the different types of
calcification.

In conclusion, we found that calcification of the splenic, internal and external iliac arteries is
strongly associated with calcification in the abdominal aorta, but differentially associated
with other CVD risk factors. Age, male gender, and diabetes were predominant risk factors
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for splenic artery calcification, while other CVD risk factors were not, suggesting that
splenic artery calcification may be predominantly MAC. After adjustment for CVD risk
factors, calcifications in the splenic, internal and external arteries were not associated with
mortality. BAC is a rare finding on CT scan in community living females, but when present,
was strongly and independently associated with mortality. This finding supports our
hypothesis that, beyond intimal calcification, MAC may also be associated with increased
risk of mortality in community living individuals and merits further investigation as a
potential treatment target.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. Calcification in the splenic, internal and external iliac arteries is strongly
associated with calcification in the abdominal aorta but differentially
associated with other CVD risk factors

. Different associations with risk factors may indicate a different underlying
pathophysiology

. Breast artery calcification is a rare finding on CT scans in community living

females, but when present, may be a marker of increased risk for mortality

. Besides intimal/atherosclerotic calcification, medial arterial calcification may
also be associated with increased mortality risks
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Fig. 1.
Participant flowchart.
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Fig. 2. CT images of calcification in the studied vascular beds
(A) Breast artery calcification, (B) splenic artery calcification, (C) internal and external iliac

arteries (calcifications in the internal iliac arteries)
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Associations of presence of medium artery calcification with all-cause and cardiovascular mortality

Table 3

CVD mortality (n cases=37)

All-cause mortality (n cases=115)

Breast artery calcium (present/absent)

Model HR (95% CI) p

HR (95% CI)

p

Model 14 1230 (284-5337)  0.001

4.67 (1.57-13.88)

0.006

Model 28  29.59 (1.86-471.38)  0.017

7.33 (2.03-26.45)

0.002

Model 3@ 19.05(0.76-480.64)  0.074

5.67 (1.50-21.41)

0.011

CVD mortality (n cases = 90)

All-cause mortality (n cases = 298)

Splenic artery calcium (present/absent)

Model HR (95% CI) p HR (95% ClI) p
Model 1 1.69 (0.83-3.42) 0.146  1.65(0.97-2.78) 0.063
Model 2 1.46 (0.71-2.97) 0.302  1.51(0.89-2.57) 0.129
Model 3 1.37 (0.68-2.79) 0.380  1.43(0.84-2.42) 0.191
Internal iliac artery calcium (present/absent)

Model HR (95% CI) p HR (95% CI) p
Model 1 1.24 (0.60-2.58) 0.563  1.37(0.86-2.17) 0.185
Model 2 0.91 (0.41-2.04) 0.826  1.15(0.70-1.87) 0.586
Model 3 0.75 (0.31-1.79) 0.514  0.97 (0.56-1.68) 0.901
External iliac artery calcium (present/absent)

Model HR (95% CI) p HR (95% ClI) p
Model 1 2.15 (1.06-4.38) 0.034  1.86(1.08-3.20) 0.025
Model 2 1.47 (0.63-3.42) 0.375  1.34(0.73-2.47) 0.348
Model 3 1.33(0.56-3.12) 0.517  1.22(0.66-2.27) 0.526

Model 1: adjusted for age and sex. Model 2: adjusted for sex, age, smoking status, dyslipidemia, BMI, diabetes and hypertension. Model 3:

Page 20

additionally adjusted a 0-5 score of the number of calcified vascular beds out of the carotids, coronaries, abdominal and thoracic aorta and common

iliac arteries.

HR, hazard ratio; 95% CI, 95% confidence interval.

a . . .
Analysis in women only. Models 1 to 3 adjusted as described above except for sex.
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