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Aortic calcification index predicts mortality and cardiovascular

events in operatively treated patients with peripheral artery

disease: A prospective PURE ASO cohort follow-up study
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ABSTRACT
Objective: The present study evaluates the association of aortic calcification with mortality and major adverse cardio-
vascular and leg events (MACEs and MALEs) in patients with peripheral artery disease (PAD). The risk for mortality and
MACEs and MALEs is considered in clinical decision-making.

Methods: This cohort found in 2012-2013 consists of 226 patients with symptomatic PAD referred to Turku University
Hospital for invasive treatment. Follow-up data aboutmortality and survival without MACEs andMALEs were collected up
to 5 years from the inclusion date, and aortic calcification index (ACI) was measured from patients with available imaging
studies (164 of 226). ACIs’ association with events and mortality was evaluated in Cox regression, Kaplan-Meier, and
classification and regression tree analysis.

Results: All-cause mortality at 1, 3, and 5 years was 13.7% (31), 26.1% (59), and 46.9% (106), respectively. In multivariable Cox
regression analysis, ACI and ACI > 43 were independent risk factors for all-cause mortality (hazard ratio [HR]: 1.13 per 10
units, 95% confidence interval [CI]: 1.00-1.22 and HR: 1.83, 95% CI: 1.01-3.32, respectively) and for MACEs (HR: 1.10 per 10
units, 95% CI: 1.00-1.22 and HR: 3.14, 95% CI: 1.67-5.91, respectively), but not for MALEs. Classification and regression tree
analysis showed that ACI ¼ 43 best divides cohort in relation to mortality. Kaplan-Meier analyses showed that ACI > 43 is
associated with greater mortality and occurrence of MACEs compared with those who have ACI # 43 (log-rank P value
.005 and .0012, respectively).

Conclusions: Risk for mortality and MACEs is associated with high ACI. ACI can expose the risk in patients with PAD for
further cardiovascular events and mortality. (J Vasc Surg 2022;-:1-10.)
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Patients with peripheral artery disease (PAD) carry
heavy atherosclerotic burden and suffer from cardiovas-
cular diseases manifestations.1-3 Lower limb amputations,
myocardial infarcts (MIs), and strokes are the common
causes of death and disability.2 It is crucial to assess peri-
operative risk in patients with PAD for significant
morbidity (major adverse leg events [MALEs] and major
adverse cardiovascular events [MACEs]) and mortality
when revascularization and preventive treatment is
planned.
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There are few tools for this kind of risk evaluation. Crural
artery atherosclerosis and low ankle-brachial index (ABI)
are associated with poor survival and cardiovascular
events in patients with PAD.4-7 Recently, our group re-
ported that PAD lesions of different levels correlate
with carotid and intracranial artery atherosclerotic le-
sions, and certain cytokine levels are higher in patients
with more severe PAD.8,9 Current guidelines point out
risk factors on a broad scale mainly based on demo-
graphic factors.10,11
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ARTICLE HIGHLIGHTS
d Type of Research: Single-center, prospective periph-
eral artery disease patient cohort study

d Key Findings: Aortic calcification index is associated
with mortality (hazard ratio [HR]: 1.13) and cardiovas-
cular adverse events (HR: 1.10) in a cohort of 226 pa-
tients. Kaplan-Meier analysis showed that aortic
calcification index over the threshold value of 43
was associated with mortality (P ¼ .005) and adverse
cardiovascular events (P ¼ .0012).

d Take Home Message: Increased aortic calcification is
associated with outcomes in patients with peripheral
artery disease and could be useful in risk assessment.
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Abdominal aortic calcification index (ACI) represents
the degree of calcification of the abdominal aorta. ACI
is measured from computed tomography (CT) studies.
ACI is associated with cardiovascular diseases and their
manifestations.12-14 It summarizes atherosclerotic burden
regardless of recorded risk factors. In this study, we inves-
tigated if ACI associates with invasively treated PAD pa-
tients’ all-cause mortality or MACEs.

METHODS
This is a prospective registry-based subgroup analysis

study based on the PURE ASO (The Role of Purinergic
Signaling in Atherosclerosis) follow-up cohort conducted
at the Department of Vascular Surgery at the Turku Uni-
versity Hospital, Finland.8 This study was approved by the
local institutional review board and the ethical commit-
tee of the Hospital District of Southwestern Finland.
This study is based on an already formed registry. New
patient consent was waived based on the study design.

PAD patient cohort. All patients admitted to this ter-
tiary center for elective invasive treatment for PAD were
screened (227 patients) for this study cohort; 226 were
included, and one patient declined. The cohort did not
include initially conservatively treated patients. The
included patients were diagnosed with PAD by a
vascular surgeon at the department’s outpatient clinic.
Patients gave informed consent at the time of enroll-
ment, which took place between February 2012 and
March 2013. The cohort data contained baseline demo-
graphics and clinical data for evaluation at the time of
initial treatment. Initially, patients were categorized by
the state of lower extremity ischemia using ABI, toe-
brachial index (TBI), and Rutherford classification.
Rutherford classes I-III were noted as intermittent clau-
dication (IC) and IV-VI as critical limb ischemia (CLI).
Lowest measurement of ABI and TBI was noted.8

Follow-up data. In addition to baseline and clinical
data of the cohort, we collected data on overall survival
and occurrence of cardiovascular (MACEs) or leg-
related (MALEs) adverse events after initial treatment by
reviewing patient records. Patients were not contacted
by us during the follow-up because our tertiary center is
responsible for the invasive treatment of PAD and other
events we investigated on its catchment area and
therefore record data are complete for assessing these
outcomes. Also, national conjoined patient records in-
formation on mortality is available via records. Cohort
mortality and events were recorded until December
2020, but we limited the follow-up period to 5 years from
the individual inclusion date. MACEs were categorized as
MI (MACE MI), heart failure (MACE HF), ischemic stroke
(MACE IS), and all combined (MACE). MALEs are major
amputation (MALE amputation, above the ankle level) or
revascularization (MALE revascularization) or MALE
(amputation and revascularization, either or both). MALE
revascularization is either open bypass surgery, endo-
vascular percutaneous transluminal angioplasty, or
endovascular stent-graft placement. Analyses in sub-
categories (MACE MI, IS, HF and MALE amputation and
MALE revascularization) are presented in Supplementary
Material (online only).

Aortic calcification index. Records were reviewed for
CT studies showing abdominal aorta. We measured
abdominal ACI manually from those who had sufficient
imaging data available. Studies were performed both
with and without contrast enhancement. Patients were
not categorized in relation to imaging with or without
contrast enhancement. Abdominal ACI was calculated
from axial CT slices 5 mm apart from renal arteries to
aortic bifurcation. Iliac arteries were not included in mea-
surements, and degree of stenosis was not measured.
Each slice was given a value from 0 to 12 depending on
how vastly calcification covered each axial view of the
abdominal aorta. That is, the value of 6 meant that half
of such slice was covered in atherosclerotic plaque and
12 meant that the whole circumference of the axially
viewed aorta was covered in atherosclerotic plaque.
The number of these 5 mm slices was recorded (n in
the formula below), and the sum of these calcification
values was calculated. Aortic calcification
(¼atherosclerotic plaque) is defined as a white, dense
plaque over 1 mm2 and over 300 Hounsfield units on
CT scan. Thus, atherosclerotic plaques were distin-
guished from contrast and adjacent anatomical struc-
tures. ACI was calculated using the following formula:

ACI ¼ total sum of calcification in all slices
12� n

� 100

The illustration of the method is available in our last
publication with this same method.15
The first authors measured all patients’ ACIs unblinded.
The first authors’ inter-rater reliability has been assessed
with good agreement for this same ACI measurement
method earlier in our previous study.15 In this study, a



Table I. Baseline demographics of the study cohort and all the univariates for mortality

Alive (n ¼ 100, 44.2%) SD Dead (n ¼ 126, 55.8%) SD P value

Overall survival mean, years 5 e 2.91 1.85 e

Mean age at the imaging 67.30 9.31 75.06 8.57 <.001

Mean ACI 46.05 25.73 57.43 23.43 .003

Mean serum creatinine, mmol/L 80.36 25.51 106.61 83.34 .003

Low-density lipoprotein, mmol/L 2.29 0.98 2.19 0.89 .4589

Toe-brachial index 0.34 0.16 0.25 0.17 <.001

Mean ABI 0.60 0.31 0.71 0.65 .106

N % N %

ABI <0.5 41 43.2 59 48.8 .022

ABI 0.5-0.9 44 46.3 42 34.7 .022

ABI 0.9-1.4 9 9.5 8 6.6 .022

ABI >1.4 1 1.1 12 9.9 .022

Men 57 57.0 71 56.3 .922

Intermittent claudication 66 66.0 28 30.2 <.001

Critical limb ischemia 34 34.0 88 69.8 <.001

Hypertension 64 64.0 103 81.7 .003

Asthma 1 1 13 10.3 .004

Coronary artery disease 22 22 45 35.7 .025

Congestive heart failure at the presentation 0 0.0 37 29.4 <.001

Atrial fibrillation 8 8.0 34 27.0 <.001

Previous ischemic stroke 9 9 19 15.1 .168

Hypercholesterolemia 32 32 40 31.7 .968

Type 1 diabetes 7 7.0 7 5.6 .655

Type 2 diabetes 24 24.0 41 32.5 .159

No diabetes 69 69.0 78 61.9 .267

Renal insufficiency 9 9.0 45 35.7 <.001

Uremia 0 0.0 12 9,5 .002

Rheumatoid arthritis 4 4.0 14 11.1 .050

Pharmacotherapy

Statin prescribed 66 66.0 77 61.1 .449

Aspirin use 64 64 76 53.2 .102

Clopidogrel use 11 11.0 9 7.1 .311

Any antiplatelet therapy 71 71.0 72 57.1 .032

Warfarin 12 12.0 37 29.4 .002

b-Blocker 43 43.0 85 67.5 <.001

Any renin-angiotensin system inhibitor 58 58.0 82 65.1 .276

Calcium channel blockers 29 29.0 41 32.5 .568

Diuretics 11 11.0 53 42.1 <.001

Nitroglycerin 12 12.0 33 26.2 .008

Glucocorticoids 12 12.0 30 23.8 .023

Metformin 21 21.0 20 15.9 .321

Bisphosphonates 3 3.0 12 9.5 .050

ABI, Ankle-brachial index; ACI, aortic calcification index; SD, standard deviation.
Boldface P values represent statistical significance.
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random subset of measurements by V.R. and D.L. were
compared with each other with good agreement (see
also Supplementary Material, online only). Measurements
were conducted after all patients’ follow-up had ended.
Measurements are reproducible easily and carry low
risk of bias due to the simple method. Manual measure-
ments avoid the risk of inconsistency between auto-
mated and semiautomated methods. Manual
measurements are available when CT imaging is avail-
able without additional diagnostic software/hardware.



Table II. Demographics and significant univariates in proportion for major adverse cardiovascular events (MACEs)

No MACE (n ¼ 129, 57.1%) SD MACE (n ¼ 95, 42.0%) SD P value

Overall survival mean, years 3.72 1.83 3.97 1.57 .287

Mean age 70.06 9.56 73.20 9.73 .032

Mean ACI 46.31 27.13 59.70 20.38 .001

TBI 0.30 0.18 0.27 0.16 .154

Low-density lipoprotein, mmol/L 2.29 0.91 2.16 0.97 .331

Creatinine, mmol/L 90.17 40.23 101.36 89.98 .212

Mean ABI 0.70 0.57 0.62 0.47 .252

N % N %

ABI <0.5 51 41.5 49 53.8 .322

ABI 0.5-0.9 52 42.3 32 35.2 .322

ABI 0.9-1.4 11 8.9 6 6.6 .322

ABI >1.4 9 7.3 4 4.4 .322

Survived 67 51.9 31 32.6 .004

Deceased 62 48.1 64 67.4 .004

Male 66 51.2 60 63.2 .074

Female 63 48.8 35 36.8 .074

Carotid stenosis 3 2.3 9 9.5 .019

Previous ischemic stroke 11 8.5 17 17.9 .036

Coronary artery disease 29 22.5 36 37.9 .012

Intermittent claudication 68 52.7 35 36.8 .018

Critical limb ischemia 61 47.3 60 63.2 .018

Beta blocker 65 50.4 62 65.3 .026

Nitroglycerin 14 10.9 31 32.6 <.001

MALE revascularization 43 33.3 47 49.5 .015

ABI, Ankle-brachial index; ACI, aortic calcification index; MALE, major adverse leg event; SD, standard deviation; TBI, toe-brachial index.
Boldface P values represent statistical significance.
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ACI measurements require only minimal resources and
can be conducted by researchers, and numeric results
are still comparable.

Statistical analysis. Statistical analysis was carried out
using IMB SPSS Statistics 27 software for windows
(IBM). The hypothesis is that ACI is higher in patients
with MALEs or MACEs or in deceased patients, and it
would increase risk for these events. A P value of less
than .05 was the threshold for statistical significance.
Continuous variable normal distribution assumption
was tested with the Kolmogorov-Smirnov test,
Shapiro-wilk test, and visually. Analysis for means and
differences in groups was performed with an
independent-samples t-test with the assumption of
equal variances. Equality of variances was tested with
Levene’s test. Continuous variables are reported as mean
and standard deviation. Categorical variable between-
group differences are evaluated using the c2 test for
proportions. Survival analysis for MACEs, MALEs, and
mortality was conducted using Cox regression analysis.
Models included clinically relevant risk factors and sta-
tistically significant differing univariates for each event.
The log-rank test and respective Kaplan-Meier analysis
were conducted for survival free of mortality, MACEs, and
MALEs.
Classification and regression tree (CART) analysis was

used to find a cutoff value for ACI to categorize patients
in relation mortality. ACI was forced as the first variable in
tree to find the threshold value of ACI. This value was
used further to categorize patients in relation to this
value. Also survival of these patients was investigated as
patients who had ACI over or under this threshold value.
Validation was assessed by cross-validation through 10-

folds. The minimum number of patients for a parent
node was set at 100 and at 50 for child nodes, and the
maximum tree depth was set at 5. Gini’s method was
used to measure impurity, and the minimum change
in improvement was set at 0.0001. CART analysis uses
surrogates as substitutes for missing values. To discrimi-
nate the relevance of ACIs, ABIs, and TBIs in total survival
prediction models, Concordance or Harrel’s C (C-index)
statistical analysis was carried out. The same Cox propor-
tional hazard model for total survival was included with
ACI or ABI or TBI, one at the time. Respective C-indexes
were calculated and compared with each other to find
out their relevance in themodel. C-index was interpreted
as less than 0.5 (very poor), 0.5-0.7 (reasonable), 0.7-0.8



Table III. Demographics and significant univariates in proportion for major adverse leg events (MALEs)

No MALE (n ¼ 123, 54.4%) SD MALE (n ¼ 103, 45.6%) SD P value

Aortic calcification index 49.45 27.28 54.78 22.43 .175

Serum creatinine, mmol/L 89.89 35.12 101.18 89.32 .200

Age at the imaging 70.76 10.23 71.87 9.16 .443

Low-density lipoprotein level, mmol/L 2.36 0.87 2.09 0.99 .046

TBI 0.31 0.18 0.26 0.16 .032

ABI 0.68 0.56 0.64 0.50 .521

N % N %

ABI <0.5 50 43.1 50 50.0 .742

ABI 0.5-0.9 49 42.2 37 37.0 .742

ABI 0.9-1.4 9 7.8 8 8.0 .742

ABI >1.4 8 6.9 5 5.0 .742

Survived 55 44.7 44 42.7 .763

Deceased 68 55.3 59 57.3 .763

Men 62 50.4 66 64.1 .039

Women 61 49.6 37 35.9 .039

Type 2 diabetes mellitus 24 19.5 41 39.8 .001

Uremia 3 2.4 9 8.7 .035

MACE MI 21 17.1 33 32.0 .009

Intermittent claudication 66 53.7 38 36.9 .012

Critical limb ischemia 57 46.3 65 63.1 .012

Statin 70 56.9 73 70.9 .030

Clopidogrel 4 3.3 16 15.5 .001

Antiplatelet therapy 68 55.3 75 72.8 .006

Gliptin 9 7.3 17 16.5 .031

ABI, Ankle-brachial index; MACE, major adverse cardiovascular event; MI, myocardial infarct; SD, standard deviation; TBI, toe-brachial index.
Boldface P values represent statistical significance.
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(good), and >0.8 (excellent).16,17 This analysis sought to
find out whether C-indexes for each model would differ
greatly from each other. Cases were not excluded due to
user missing values. The regression model in SPSS uses
listwise deletion.
RESULTS
Demographics and ACI. The study included 226 pa-

tients (male: n ¼ 128, mean age: 71.3 years). A total of
126 patients (55.8%) died during follow-up. The mean
survival time (nonsurvivors) was 2.91 years (8 days to
5 years) and the median survival was 3.27 years. The
mean follow-up time was 3.82 years (all patients). A total
of 122 (54.0%) had CLI and 104 (46.2%) had IC. There was
no significant difference in mean ACI between patients
with IC and those with CLI (48.7 vs 44.4, P ¼ .251). From
226 patients, 164 patients had available imaging for ACI
measurements. Baseline characteristics presented in
Tables I to III were noted at the time of enrollment.
Further details are presented in Supplementary Material
(online only).

Total survival. Cumulative all-cause mortality at 1, 3, and
5 years was 13.7% (31), 26.1% (59), and 46.9% (106),
respectively (standard error: 0.003 years, overall Kaplan-
Meier analysis). ACI was higher in nonsurvivors (57.71 vs
45.59, P ¼ .002). TBI was significantly lower in non-
survivors (0.343 vs 0.2489, P < .001). Coronary artery dis-
ease (CAD), renal insufficiency, congestive HF, atrial
fibrillation, CLI, and hypertension at the presentation
were more common with nonsurvivors (Table I).
ACI > 43 was associated with greater mortality in the

log-rank test (P ¼.005) (Fig 1). The value of 43 is derived
from CART analysis (Fig 2). Total mortality was 65.0% in
patients with ACI > 43 vs 34.8% in patients with ACI #
43. In multivariate Cox regression analysis, statistically sig-
nificant risk factors for mortality were ACI (hazard ratio
[HR]: 1.13, 95% confidence intervals [CI]: 1.01-1.26 for 10
units), age (HR: 1.05 per year, 95% CI: 1.02-1.08), previous
HF (HR: 4.53, 95% CI: 2.59-7.91), renal insufficiency (HR:
2.19, 95% CI: 1.27-3.79), and asthma (HR: 2.86, 95% CI:
1.23-6.61). ACI > 43 HR for mortality was 1.83 (95% CI:
1.01-3.32) (Fig 3).
Patients with highest (>1.4) and lowest (<0.5) ABI had

highest mortality (59.0% and 92.3%, respectively, P ¼
.028) compared with other ABI categories. TBI was signif-
icantly lower in patients who died (0.249 vs 0.343, P <

.001). Harrel’s C for the Cox model including ABI as



Fig 1. Survival by aortic calcification index (ACI) > 43. Peripheral artery disease (PAD) patients’ survival by ACI > 43
and ACI # 43 in Kaplan-Meier curves. Mortality and occurrence of major adverse cardiovascular events (MACEs)
was greater with patients who had ACI > 43. Occurrence of major adverse leg events (MALEs) was similar with
patients who had ACI > 43 and ACI # 43.
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variable instead of ACI was 0.75. Harrel’s C for the same
model with TBI instead of ACI was 0.74. Harrel’s C for
the same model with ACI was 0.72. The C-index for ACI
as only variable in the Cox model was 0.58. For TBI, the
C-index was 0.61 and for ABI 0.52.

MACE. MACE occurred with 95 (42.0%) patients. The
mean ACI was higher with patients who suffered MACEs
during follow-up (59.69 vs 46.31, P ¼ .001). Patients who
died had more often MACE (48.8% vs 34.4%, P ¼ .029)
than those who did not. Patients with MACE had more
often carotid stenosis, previous IS, CAD, or CLI than those
who had no MACE (Table II).
Risk for MACE was associated with ACI (HR: 1.10 per 10

units, 95% CI: 1.00-1.22) and ACI > 43 (HR: 3.14, 95% CI:
1.67-5.91). The occurrence of MALE revascularization (HR:
5.033, 95% CI: 3.016-8.401) increased the risk for MACE
(Fig 3). In the log-rank test (Kaplan-Meier), ACI > 43 was
associated with MACEs compared with MACE-free sur-
vival, P ¼ .0012 (Fig 1).

MALE. MALE occurred with 103 patients (92 revascular-
izations and 27 major amputations). ACI was not
statistically significantly higher in patients with MALE
(54.65 vs 49.32, P ¼ .176). Patients with MALE more often
had type 2 diabetes (19.5% vs 39.8%, P ¼ .001), MACE MI
(17.1% vs 32.0%, P ¼ .009), and CLI (46.3% vs 63.1%,
P ¼ .012) than those who survived without MALE
(Table III).
ACI was not associated with increased risk for any MALE

(Fig 3). In the log-rank test (Kaplan-Meier), ACI > 43 was
not significantly associated with MALE-free survival, P ¼
.117 (Fig 1). Mean TBI was lower (0.26 vs 0.31, P ¼ .032) in
patients with MALEs. Risk for MALE was associated with
the use of clopidogrel (HR: 2.17, 95% CI: 1.19-3.93) and
type 2 diabetes (HR: 1.66, 95% CI: 1.05-2.63).



Fig 2. Classification and regression tree (CART) analysis of peripheral artery disease (PAD) patients’ survival. CART
analysis shows that the most significant combination of predictors for mortality is aortic calcification index (ACI) >
43 and age over 69.5 years. PURE ASO, Role of Purinergic Signaling in Atherosclerosis.

Journal of Vascular Surgery Rantasalo et al 7

Volume -, Number -
DISCUSSION
Mortality and cardiovascular morbidity of operatively

treated patients with PAD are associated with ACI, but
ACI is not associated with MALEs. CART analysis showed
that patients with ACI > 43 had greater risk for mortality,
and the same threshold value was related to lesser
MACE-free survival in the multivariable regression model.
Harrell’s C showed similar results for ACI, TBI, and ABI
regarding all-cause mortality analysis.18 In this context,
this means that none of these were greatly superior to
each other.
The outcome in patients with PAD is assessed by esti-

mating mortality, limb patency (after initial treatment),
and the survival free of other cardiovascular events. Exist-
ing clinical classifications appear to be inadequate in
assessing patient outcomes after the treatment. These
classifications estimate disease severity by the distribu-
tion of stenoses and atherosclerotic lesions in the lower
limb arteries, iliac arteries, and distal aorta. Latest
classification, Global Anatomic Staging System (GLASS),
offers guidance in choosing the revascularization
method, but it does not reach very well in patient risk
evaluation.10,19-22 The same guidelines offer the PLAN (Pa-
tient risk estimation, Limb staging, and ANatomic distri-
bution) strategy for risk assessment. PLAN is based on
risk factors associated with reduced survival, but it does
not include any patient-specific measurements.10 Older
but still more widely used Trans-Atlantic intersociety
consensus for the management of PAD (TASC II staging)
lacks information of infrapopliteal vasculature and de-
scribes survival narrowly. TASC II classes seem to have
no association with PAD patients’ overall survival or
limb patency in the long term.23,24 The wound, ischemia,
and foot infection (WiFI) classification is more detailed in
predicting PAD patients’ risk for amputation and benefit
from revascularization, but it does not offer tools for over-
all survival estimation. It is also noteworthy that survival in
relation to MALEs, MACEs, and limb patency seems to
depend on used antithrombotic and/or anticoagulative
medication, and therefore prediction of outcomes is
prone to uncertainty.25

Aortic calcification is associated with cardiovascular
disease-related morbidity and mortality, such as ABI,
which is used in diagnosing PAD.13,26-31 A recently pub-
lished study reveals that high abdominal aortic calcifica-
tion and low ABI are both associated with higher total
health care costs in risk patients.32 ACI is higher in pa-
tients who have renal insufficiency, state known to accel-
erate vascular calcification.33 Also, recently we published
a study of ACIs’ association with intracranial aneurysms.15

Abdominal aortic calcification is associated with PAD
incidence.28 Aortic calcification is a marker of atheroscle-
rotic disease that is caused by systemic low-grade
inflammation that eventually builds calcification in ar-
teries’ walls.34

Our results serve ACI as a disease-specific method for
visualizing patients’ risk for cardiovascular events and
mortality. Subsequent results could provide reference in-
tervals for ACI, and then it could be used alongside other
metrics and risk factors when patients’ risk for morbidity
andmortality is evaluated. ACI is easily achievable, nonin-
vasive, and relatively free of bias. Diagnosis and classifica-
tion in patients with PAD, CAD, and IS are usually based
on vascular imaging, which sometimes includes



Fig 3. Hazard ratios (HRs) for total survival, major adverse
cardiovascular events (MACEs), and major adverse leg
events (MALEs). Adjusted multivariate Cox proportional
hazard model showed significant predictors for MALEs,
MACEs, and mortality, respectively. The model for mor-
tality is adjusted for sex, serum creatinine, ankle-brachial
index (ABI), hypertension, asthma, coronary artery dis-
ease, atrial fibrillation, use of bisphosphonates, and rheu-
matoid arthritis. The model for any MACE was adjusted for
age, sex, and coronary artery disease. The model for any
MALE was adjusted for age, sex, toe-brachial index (TBI),
aortic calcification index (ACI), stage of peripheral artery
disease (PAD) (intermittent claudication [IC]/critical limb
ischemia [CLI]), uremia, use of statins, type 2 diabetes, and
the use of clopidogrel. Each model included statistically
significant univariate variables, but those with clinically or
statistically relevant or suspected multicollinearity were
left out of the models. Results present the last step of the
backward stepwise Wald method. CI, Confidence interval;
DM2, type 2 diabetes mellitus.
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abdominal aorta. Also, abdominal CT is quite common in
population level.35 In clinical practice, ACI can be used to
obtain additional information when assessing patients’
risk when imaging has been performed. ACIs’ accuracy
in relation to current risk assessment tools is yet to be
established.
In conclusion, we found that ACI is associated with PAD

patients’ overall survival and MACE-free survival. Based
on our study results, ACI can improve risk assessment
of patients with PAD.

Limitations. There are limitations to this study. There
were 62 cases with missing ACI measurements. However,
cohort demographics do not alter the availability of im-
aging studies. Patients are not categorized by the inva-
sive treatment they received (open bypass surgery or
endovascular treatment) because we think that such
categorization would interfere with our methodd
categorization by operation strategy would emphasize
the effect of current strategies on the possible outcome
in follow-up and simultaneously undermine the rele-
vance of ACI. Also, ACI did not affect the treatment
strategy. This cohorts’ mean ACI is a lot higher with pa-
tients with PAD than with subjects in our recent study of
ACIs’ association with intracranial aneurysms.15 As these
subjects had already symptomatic atherosclerotic dis-
ease and they were older, it is credible that these pa-
tients’ ACI was higher. Smoking was not associated with
ACI even though it is a well-known risk factor for aortic
calcification. We categorized patients as smokers, ex-
smokers, and nonsmokers, and therefore burden of
vascular disease caused by smoking cannot be estab-
lished because we did not evaluate smoking duration,
pack-years, and duration since cessation.
We did not categorize patients by the clinical presenta-

tion of PAD (IC or CLI) because latter describes a very
broad spectrum of patients from ischemic rest pain to
severe necrosis. All patients had PAD severe enough to
be symptomatic and were treated invasively in the initial
setting. Survival of patients with IC and CLI relative to the
ACI cutoff value of 43 is presented in the Supplementary
Material (online only). Total survival in relation to the ACI
cutoff value was not significantly different in patients
presented with IC, but based on the above-mentioned
bias, we see that this statistical finding is not clinically sig-
nificant in this setting. Interobserver reproducibility was
not measured in this study. However, the observer’s
(V.R.) inter-rater reliability has been assessed with good
agreement for this same ACI measurement method
earlier, and a random subset of measurements were
compared with other author D.L. (see Supplemental Ma-
terial, online only).15 ACI’s cutoff value in CART analysis
was determined using analysis that uses substitute
values. This has no major effect on our results’ utility as
in this study’s CART analysis merely indicates that a cut-
off value for ACI that best divides population in relation
to end points can be found. More data would be needed
to distinguish diagnostic or prognostic values for ACI. Our
center’s geographic catchment area is mostly populous,
and the cohort describes a typical demographic of pa-
tients with PAD in this area. We see that the population
of this region and center is not heavily exposed to
geographic bias. This approach exposes our study to
bias generated by insufficient reporting in records, but
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we estimate that this phenomenon is not significant and
probably evenly distributed. We could not assess these
patients in relation to two other major PAD classifica-
tions: WiFI and GLASS, because these classifications
were introduced after this study cohort was found. Our
approach does not allow us to evaluate these patients af-
terward efficiently and reliably in relation to these
classifications.
The data underlying this article cannot be shared pub-

licly due to the privacy of the study subjects of this
cohort. The data will be shared on reasonable request
to the corresponding author.
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Supplementary Table (online only). Major adverse cardiovascular events (MACEs) and major adverse leg events (MALEs)
between survivors and deceased patients

Survivors
(n ¼ 100, 44.2%)

Nonsurvivors
(n ¼ 126, 55.8%)

PN % N %

MALE 49 49.49 60 47.24 .2708

No MALE 50 50.51 67 52.76 .2708

MACE 34 34.34 62 48.82 .0290

No MACE 65 65.66 65 51.18 .0290

MALE amputation 10 10.10 22 17.32 .1223

No MALE amputation 89 89.90 105 82.68 .1223

MALE revascularization 47 47.47 51 40.16 .2708

No MALE revascularizations 52 52.53 76 36.22 .2708

MACE myocardial infarct 23 23.23 32 25.20 .7328

No MACE myocardial infarct 76 76.77 95 74.80 .7328

MACE heart failure 13 13.13 45 35.43 .0001

No MACE heart failure 86 86.87 82 64.57 .0001

MACE ischemic stroke 14 14.14 12 9.45 .3039

No MACE ischemic stroke 75 75.76 99 77.95 .3039

Boldface P values represent statistical significance.
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Supplementary Fig (online only). Mortality and survival without events (Kaplan-Meier curves) in intermittent
claudication (IC) and critical limb ischemia (CLI) patients in relation to aortic calcification index (ACI) threshold
value 43. Patients with IC had no significant difference in overall survival in relation to the ACI cutoff value 43,
whereas patients with CLI had diminished survival with ACI 43 or greater. MACE, Major adverse cardiovascular
event; MALE, major adverse leg event.
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