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ARTICLE HIGHLIGHTS

Type of Research: Single center retrospective cohort study.

Key Findings: Statin use was associated with lower all-cause mortality (HR 0.69, 95% CI 0.48-0.99,
p=.048) after EVAR, even after adjusting for the relative change in psoas muscle area during follow-
up. At the time of EVAR, psoas muscle area was similar in statin users and non-users. The relative

change in psoas muscle area was lower among statin users when compared to non-users (-15.7% and

-21.1%, p<.046).

Take-home Message: Statin use is independently associated with lower long-term mortality after

EVAR without predisposing to psoas muscle area or density decreases as markers of sarcopenia.

TABLE OF CONTENTS SUMMARY

Psoas muscle area at the L3 level decreased after EVAR, but the decline was not provoked by statin
use. The relative decrease in psoas muscle area was, in fact, smaller in statin users compared to non-
users. The authors suggest that statin medication is associated with superior survival after EVAR

without predisposing to muscle area or quality decreases evaluated from CT studies



ABSTRACT

Objective: Statin therapy, associated with improved short-term survival after treatment of abdominal
aortic aneurysms (AAAs), may also predispose to muscle side effects. Evidence on statin-related
sarcopenia is limited mainly to muscle function and it is subject to several sources of bias. In the
long-term, postoperative development of sarcopenia is linked to mortality after endovascular repair
(EVAR). We investigated statin use and long-term postoperative mortality after EVAR in relation to
objective measurable markers of sarcopenia (psoas muscle surface area and density).

Methods: Altogether 216 AAA patients treated with EVAR between 2006 and 2014 at Tampere
University Hospital (Finland) were retrospectively studied. Psoas muscle parameters at the L3 level
were evaluated from baseline and mainly one- to three-year follow-up computed tomography (CT)
studies. Cox regression was used to study the association between statin medication, psoas muscle
changes, and all-cause mortality.

Results: The majority of patients were male (87%) and mean age was 77.7 years (SD 7.4). Median
duration of follow-up was 6.3 years (IQR 3.5) with a total mortality of 54.2% (n=117). Regardless of
a higher burden of comorbidities, statin users (n=119) had lower mortality when compared to non-
users (multivariable HR 0.69, 95% CI 0.48-0.99, p = .048). Furthermore, statin use was not associated
with inferior muscle parameter values and the relative change in psoas muscle area was actually lower
in statin users compared to non-users (-15.7% and -21.1%, p<.046).

Conclusions: Statin use is associated with lower long-term mortality among patients undergoing

EVAR without predisposing to increased sarcopenia.

Keywords: Abdominal aortic aneurysm, Computed tomography, Sarcopenia, Psoas muscle, Statin

medication, Survival



INTRODUCTION

Preoperative statin therapy beginning at least four weeks prior to intervention when possible, is
recommended to improve short-term survival after elective AAA procedures [1-4]. Considering the
significant cardiovascular risks and comorbidities of AAA patients, long-term treatment with statins
is also endorsed in this cohort [3] and, overall, statins reduce mortality and cardiovascular morbidity
in primary as well as in secondary prevention [5]. Some studies have also found statin use to be
associated with a decreased AAA growth rate although the combined evidence remains inconclusive
[3,6]. Furthermore, statins may reduce the risk of aneurysm rupture [3,6]. However, as a result of the
inherent effects of statins on muscle metabolism, the potential adverse events related to statin use
include an elevated risk of developing clinically significant myopathy as well as myopathy-related
symptoms [7]. The incidence of unpleasant muscle side effects remains debatable owing to
difficulties in identification and diagnosis of muscle symptoms [8], but these symptoms are the most

common reason for statin discontinuation [9].

It has been previously demonstrated that both preoperative sarcopenia and its development after
EVAR are associated with long-term mortality. Sarcopenia, as defined by a decrease in psoas muscle
area (PMA) and/or density (PMD), can be easily, reproducibly, and cost-effectively estimated from
axial computed tomography (CT) slices and the most significant loss of skeletal muscle appears to
occur during the first postoperative year after EVAR [10,11]. In addition to AAA repair, sarcopenia
evaluated from CT studies has been found to predict mortality after thoracic and abdominal surgery
as well as in trauma patients [12—17]. While statin-induced myopathy is rarely associated with
significant sarcopenia [18], the potential sequelac of developing clinically silent sarcopenia

consequently resulting in reduced physical activity could diminish the net positive effects of statin



therapy [19]. Moreover, earlier research on statins and sarcopenia mainly applies muscle functionality
as the end point in lieu of objectively measurable muscle parameters. We therefore sought to
investigate the association of statin use with long-term mortality and to determine the potential impact

of statins on the development of sarcopenia after elective EVAR.



MATERIALS AND METHODS

Patients

A total of 216 patients undergoing EVAR at Tampere University Hospital (TAUH) between 2001
and 2014 were selected for analysis from a larger cohort of 959 AAA patients. Patients were eligible
for the study if they had available CT images taken 3 months before to one month after the index
operation as baseline studies as well as follow-up scans conducted at 10 months postoperatively at
the earliest. Patients were excluded if they were treated with open repair, their follow-up was carried
out in the nearest tertiary center instead of the study center, or if they died before the first scheduled
follow-up. Inclusion and exclusion criteria are presented in Figure 1. There was no significant

difference in the five-year survival of included and excluded patients.

Patients subjected to EVAR underwent preoperative assessment including aortic imaging with
contrast-enhanced CT. Control imaging was habitually performed at one month after the operation
and at two years postoperatively. A multidisciplinary team led by a vascular surgeon selected the
treatment modality for each elective AAA patient. Overall, EVAR was preferred for older patients
and/or those unfit for open surgery on the condition that aneurysm anatomy was suitable for
endovascular treatment. Suitability for EVAR was estimated by assessing the aneurysm neck area
(diameter, sealing zone, angulation) as well as the iliac arteries (diameters, sealing zones), and
patients fit mainly (92%) within the recommendations presented in instructions for use (IFU) of the
specific devices utilized. Fenestrated EVAR device or chimney technique were used for the remaining

patients outside the IFU criteria.



Data collection

We retrospectively collected the data and CT images from the TAUH patient record database, which
is linked to the continuously updated National Population Register. Data on the medications (i.e. drug
name and dosage) used by the study patients at the time of the index operation had been preoperatively
recorded when evaluating suitability for anesthesia. The statin preparations in use during the study
period were atorvastatin, rosuvastatin, simvastatin, and fluvastatin and the doses ranged from 10 to
80 mg daily. According to a detailed review of hospital records, all patients defined as statin users
had been using statins regularly for at least one month prior to referral to the study center for treatment
of AAA and statin therapy was planned to be permanent in these patients. Furthermore, during the
study period, none of the patients defined as non-users were prescribed statin medication in the study
center either pre-operatively or immediately after the operation. Moreover, none of the patients, who
were using statin therapy during the time of the operation discontinued the medication during the
hospitalization period. Other regular medications were defined as antiaggregant, anticoagulant,
insulin, oral antidiabetic, beta-blocker, and other antihypertensive medications. Due to a lack of data
from other hospitals as well as primary health care, information on potential changes in prescribed
medications and on long-term drug-adherence beyond the first control visits in the study center was
unfortunately not available. Patients were defined as statin users or non-users depending on their
status at the time of EVAR and analyzed accordingly. The follow-up for mortality lasted until April
30, 2019 with the median duration of follow-up at 6.3 (IQR 3.52) years, 6.45 years for statin users

and 6.10 for non-users, respectively (p=.096).

Image analysis, variables, and measurements
CT scans performed preoperatively, or within one month after the operation if preoperative CT
images were not available in the desired slice thickness, were used as baseline studies. For 64 (29.6%)

patients the early follow-up images were utilized as the baseline study. Follow-up CT studies were



performed mainly ten months to three years after the operation and the earliest available images were
utilized. The mean time interval between baseline and follow-up imaging was 2.04 years (SD 0.51,
min 0.81, max 3.22 years). There were no significant differences in baseline PMA or PMD values or
in the absolute or relative changes from baseline to the first follow-up at ten months or later when
comparing subjects who had standard preoperative images as baseline studies to those for whom early
follow-up scans were applied (data not shown). Furthermore, the time from the baseline to the first
follow up at ten months or later was not associated with relative or absolute muscle changes in simple

correlation analysis (p=.14).

For the present study, PMA and PMD at the L3 level were measured from the baseline and follow-
up CT images and both absolute and relative changes in the parameters were determined. We have
previously described in detail the specific aortic imaging techniques and appliances used in our work
as well as our method for conducting the PMA and PMD measurements [11] (Supplementary Material
I). The reproducibility and prognostic value of repeated PMA measurements at the L3 level have been
demonstrated to be excellent (ICC rated as 0.75-1.00) [10,11]. Average PMA and PMD were obtained
by calculating the mean of the parameter values on both sides in the same axial image slice. The
muscle density threshold limitations were not set in order to avoid intramuscular fat. Absolute
changes in the muscle parameter values were calculated by subtracting the baseline values from the
follow-up values. Relative changes, in turn, were calculated by dividing the absolute changes by the

baseline parameter values.

Statistical analysis
The statistical software used for analyses was SPSS 25 for Mac OS X. The normality of data was
analyzed using Levene’s test after visualizing normality with histograms. Non-parametric tests were

selected for non-gaussian data. Comparisons between statin users and non-users were performed for



continuous variables using the Mann-Whitney U-test or the Student t-test. Kaplan-Meier survival
analysis was applied to compare long-term mortality between statin users and non-users. Cox
regression was utilized to test the association of the variables with overall survival. The association
of all variables with mortality was first tested in univariable models and log-minus-log plots were
used to confirm proportional hazard assumption. As age did not fulfill this requirement, all age
adjusted Cox-regression analyses were performed with age as a time-dependent variable. This was
followed by a multivariable regression model which included variables with p<.01 in univariable
analyses as covaries. Multivariable Model 1 was adjusted for statin use, age, and body mass index
(BMI) and Model 2 for the aforementioned factors as well as for the relative change in PMA.
Furthermore, linear correlation between the muscle parameters and the other variables included in the
multivariable regression analyses was computed with the Pearson correlation coefficient. Muscle
variables were z-scored. The size of the present study population enabled detecting with 80% power
(with a two-sided alpha value of 0.05) small to large effect size (Cohen’s d 0.390) differences between
statin users and non-users in variables with continuous distributions. Statistical significance was set

at p<.05.

Ethical considerations
The study adhered to the ethical principles of the Declaration of Helsinki and was approved by the
Pirkanmaa Hospital District Science Center. Due to the nature of the study no informed patient

consent was required or obtained.
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RESULTS

Patient demographics

One hundred twenty-nine patients (59.7%) were on regular statin medication according to the patient
records. The mean age (+ SD) of the patients at the time of follow-up was 77.4 £+ 7.5 in statin users
and 78.2 + 7.3 in non-users. In statin users, dyslipidemia, diabetes (DM), and coronary artery disease
(CAD) were significantly more prevalent compared to non-users (Table I). There were no differences
in aneurysm-related features such as diameter, neck diameter and neck length at baseline, or the
devices used, between statin users and non-users (Supplementary Table I). Sac regression, endoleaks,
graft-related re-interventions, and late ruptures also presented similarly in both groups
(Supplementary Table I). Eight subjects in the non-user group had been prescribed statin therapy
before the operation (range 0.5-8 years prior to the operation) but had discontinued the medication
before referral. Statin discontinuation was due to a variety of undefined side-effects or other patient-
specific reasons (no recorded cases of statin-related myopathy or other severe side effects) in seven
subjects and in one patient the medication was discontinued by the attending primary care physician

due to a rise in liver enzymes.

Statin use and muscle status at baseline and muscle change during follow-up

The median time for the first follow-up CT was 2.1 years (IQR 0.33, min 0.8, max 3.2 years) and it
was similar among statin users and non-users (2.2 [IQR 0.33] vs 2.1 [IQR 0.92], p=.26) (Table I).
There was no significant difference in baseline PMA between the groups (15.5¢cm? vs 14.5¢cm? for
statin users and non-users, respectively, p=.160). During subsequent follow-up, absolute PMA
decreased significantly in both statin users (2.7cm?, SD 3.5, p<.01) and non-users (3.3cm?, SD 3.5,
p<.01) but there was no significant difference between the groups (p=.24) (Table II). However, the

relative change in PMA was lower among statin users when compared to non-users (-15.7% and -
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21.1%, p<.046). PMD, in turn, did not significantly change among statin users whereas among non-

users, muscle density increased (p=.012) slightly (Table II).

Association of CT muscle measurements and statin medication with mortality

The overall mortality rate was 54.2 % (117/216). Specifically, the 5-year mortality was 25.0% (statin
users 18,6% and non-users 34.5 %) and 10-year mortality 52.3% (statin users 45.7 % and non-users
62.1%). In univariable analyses, statin use (HR 0.62, 95% CI 0.43-0.90), relative change in PMA
(HR 0.79, 95% CI 0.65-0.95), and BMI (HR 0.94, 95% CI 0.89-0.99) were associated with
significantly lower and age (HR 1.07, 95% CI 1.04-1.10) with significantly higher mortality (Table
IIT). Furthermore, when included in the same multivariable Cox regression analysis with age and
BMLI, statin use was independently associated with increased long-term survival (HR for mortality
0.67, 95% CI 0.48-0.96, p=.029) (Table I'V). Statin use remained as a significant protective factor
even when the model was adjusted for the relative change in PMA, (HR 0.69, 95% CI 0.48-0.99, p
=.048). The results of both the univariable analysis and the risk factor adjusted analysis remained
significant also after excluding all patients undergoing repeated interventions for AAA (HR 0.61
[95% CI 0.42-0.90] and HR 0.63 [95% CI 0.43-0.97], respectively). The unadjusted difference in
mortality rate between statin users and non-users is demonstrated in Figure 2 by the Kaplan-Meier

curve (p = .010 for long-rank test).
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DISCUSSION

Statin therapy is recommended for reducing cardiovascular risks in AAA patients. However, this
group of medications is also known to have potential muscle-toxic side effects. As sarcopenia has
been found to be associated with inferior survival in AAA patients undergoing EVAR, the full picture
of the postoperative net effects of statin therapy on muscle parameters and mortality in these patients
remains unclear. Furthermore, previous studies investigating statins and sarcopenia have mainly
focused on muscle function as the end point instead of muscle parameters, which can be objectively
measured from routine imaging studies. In the present study, we retrospectively analyzed
postoperative survival after EVAR in relation to statin use and sarcopenia as represented by psoas

muscle parameters and their development during follow-up.

The prevalence of statin use was 59.7%, which is similar as reported in an earlier meta-analysis [6].
Long-term postoperative mortality after EVAR was 54.2 % and it was approximately 31% lower in
statin users compared to non-users. This is also in line with previous studies [1,2,4]. It is plausible
that this finding would be linked to the protective effects of statins but, considering the retrospective
setting, it is also possible that statin users were additionally receiving better overall medical care and
surveillance as well as potentially practicing more diligent self-care thus affecting their survival.
Furthermore, although we were able to control the analyses for many clinical factors, we cannot
exclude the possible bias caused by a different distribution of other uncontrolled risk factors
associated with survival. However, factors known from previous studies to be associated with an
inferior outcome after EVAR, such as age, female sex, large aneurysm diameter, procedures
performed outside the IFU, poor sac shrinkage, type I and Il endoleaks as well as persistent type II
endoleaks [20][21], did not differ between statin users and non-users. In addition to the lipid-mediated

effects of statins on cardiovascular mortality, these medications have been found to reduce type II
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endoleaks after EVAR in long-term follow-up [22,23] and increase aneurysm sac regression [24],

which could translate into reduced aneurysm-related mortality via a decreased rupture rate.

PMA decreased significantly among both statin users and non-users during follow-up as in our
previous study [10] but the relative decrease in muscle surface area was significantly lesser among
statin users. This observation is contrary to the expectations of the muscle toxicity known to be
associated with statin use [7,25]. However, as the study setting was retrospective, we cannot exclude
the possibility that statin users in this cohort were inherently more resistant to the potential muscle
side effects of statins and/or to developing sarcopenia regardless of their medication. It is most likely,
that individuals suffering from muscle symptoms or rhabdomyolysis brought on by statin therapy had
discontinued the use of these drugs. Only eight patients who had discontinued statin therapy prior to
intervention were identified from the non-user group and exclusion of these patients from the analyses

did not result in any significant change in the results (data not shown).

We have previously demonstrated that the postoperative relative change in PMA is a very strong
predictor of long-term mortality after EVAR [10]. In the present study, statin use was associated with
lower mortality even when adjusting for changes in PMA and regardless of baseline muscle status.
Furthermore, statin users had superior survival compared to non-users even though they had more
often been diagnosed with significant cardiovascular comorbidities. PMA and PMD are closely
related at baseline and patients with a greater muscle area tend to have a higher muscle density as
well, but a similar relationship was not shown in changes of PMA and PMD. PMD changes were not
found to be associated with mortality in this study. It is also possible, that a decrease in muscle area

can temporarily lead to increased muscle density.
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Previous research on the potential effects of statins on developing sarcopenia is mainly limited to
estimating muscle function and functional decline, whereas changes in muscle area and/or quality
have not been thoroughly evaluated [26-31]. As muscle strength measurements are dependent on
factors such as general condition, physical performance, nutritional status, and muscle pain, the
results may vary within a short period of time and are not necessarily reliable. It is therefore important
to investigate sarcopenia with more objective and reproducible parameters such as muscle area and
quality. Additionally, high muscle mass has been ascertained to be linked to improved muscle
function [32]. Several retrospective studies have failed to demonstrate a link between statin use and
sarcopenia as represented by muscle strength or performance [27,29-31]. Furthermore, a prospective
study in previously healthy adults investigating the effects of high-dose (80 mg) atorvastatin found
no association with sarcopenia in a six-month follow-up [26]. Contrarily, Scott et al.[28] detected an
association between statin use and quadricep as well as hip extensor muscle strength decline during
a three-year follow-up. However, the study also investigated lean muscle mass evaluated with dual-
energy X-ray absorptiometry (DEXA), and found no differences between statin users and non-users
[28]. It should be noted that the study by Scott et al [28] included significantly older patients in the
statin group compared to the non-statin group (64.7 vs 61.4 years, p <.001), which may have
influenced the results. Furthermore, in distinction to our cohort, the average age was notably lower
(62.0 vs 77.7 years) and our population was suffering from AAAs known to be associated with
significant comorbidities. Taken together, there is no convincing evidence that statin therapy would
increase sarcopenia and, in this respect, it appears beneficial and safe for AAA patients undergoing

EVAR.

Our results must be viewed in the context of a retrospective single-center study and they are
generalizable to AAA patients undergoing EVAR. Although statins were not associated with

increased sarcopenia in the present study, other signs or symptoms of the muscle toxicity (i.e.
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increased levels of muscle enzymes, weakened muscle strength, or subjective symptoms such as pain)
of these medications were not controlled for. Furthermore, no data was available on lipid levels,
weight development, nutritional status, or adherence to medications and we obtained only limited
data on the duration of statin use before EVAR as well as potential initiation of statin treatment
postoperatively, which may have introduced bias. Some patients not receiving statin treatment at the
time of operation may have been started on statins postoperatively according to guideline
recommendations [5], which would most likely have improved survival in these individuals.
Nevertheless, we were able to demonstrate a difference in survival between those with statin
medication at the time of operation and those without. Moreover, if a causal survival benefit is
assumed for statin use, the observed difference in long-term mortality in the event of potential cross-
over between the groups is most likely to be an underestimate rather than an overestimate. Another
possible source of bias was the varying timing and volume of the contrast agent in CT images, which
can have influenced the muscle density measurements. The present study should, however,
realistically depict statin use in relation to developing sarcopenia in the long-term. The present study
was adequately powered to detect all but trivial or very small effect sizes reducing the risk of not
discovering true and clinically significant associations between statin use and sarcopenia (i.e.
reducing the risk of type II error). Despite the fact, that we cannot infer a reliable conclusion on the
optimal timing of statin initiation in AAA patients undergoing EVAR, the results of the present study
support the use of statins in this patient group and patients should be motivated to stick to their statin

regime in the long-term.
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CONCLUSIONS

Statin therapy is associated with lower mortality after elective endovascular repair of abdominal
aortic aneurysms without evidence of increased sarcopenia as represented by psoas muscle area and

density and the postoperative development of these muscle parameters.
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LEGENDS FOR ILLUSTRATIONS

Figure 1. An overview of study sample inclusion/exclusion.
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Figure 2. Overall mortality rate with Kaplan-Meier curve between statin users and non-users.
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TABLES

Table I. Patient demographics and risk factors in AAA patients treated with EVAR.

Features

Sample (n=216)

Statin users

Statin non-users p-

(n=129) (n=87) value
Demographics
Age (years) 77.7+7.4 77.4+17.5 782+7.3 413
Male (%) 188 (87%) 113 (88%) 75 (86%) 765
Height (m) 1.73 +.08 1.73 +.08 1.73 +.07 799
BMI (kg/m?) 269142 273140 26.3+44 099
Risk factors
Ruptured AAA 4 (1.9%) 2 (1.6%) 2 (2.3%) .689
Smoking 41 (19.0%) 20 (15.5%) 21 (24.1%) 113
CAD 113 (52.3%) 82 (63.6%) 31 (35.6%) <.001
DM 34 (15.7%) 26 (20.2%) 8(9.2%) .030
HTA 138 (63.9%) 88 (68.2%) 50 (57.5%) 107
Dyslipidemia 88 (40.7%) 70 (54.3%) 18 (20.7%) <.001
Pulmonary disease 52 (24.1%) 29 (22.5%) 23 (26.4%) 505
Stroke or TIA 25 (11.6%) 15 (11.6%) 10 (11.5%) 976
Creatinine level (umol/l) 95+ 55 100 + 68 87 +24 .090
Follow-up (years) 6.45 +2.57 6.70 £2.5 6.10+£2.7 .096

Time of the first follow-up CT-
control
1 year

2 year

3 year

46 (21.3%)
163 (75.5%)

7(3.2%)

21 (16.3%)
102 (79.1%)

6 (4.7%)

25 (28.7%)
61 (70.1%)

1 (1.1%)
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At between baseline and follow-

2.0+0.5 2.1+0.5 1.9+0.5
up CT scans (years)
Number of all CT-controls
Baseline 216
1 year 45
2 year 185
3 year 22

Patient demographics and risk factors are shown at the time of EVAR. Results are shown as means.
BMI, Body mass index; CAD, Coronary artery disease; DM, Diabetes mellitus; HTA, hypertension;
TIA, transient ischaemic attack; AAA, abdominal aortic aneurysm, rAAA, ruptured abdominal

aortic aneurysm; CT, computed tomography.



Table I1. Psoas muscle parameters at the L3 level at baseline and in the follow-up CT in AAA

patients treated with EVAR.
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Variable Statin users Statin non-users
(N=129) (N=87)
PMD PMA PMD PMA
Baseline CT
mean 32.8 155 31.3 14.5
SD 9.2 4.7 10.3 4.9
Follow-up CT
mean 333 128 33.9 11.3
SD 10.0 4.2 10.5 43
Difference (Follow-up minus baseline CT)
mean 0.5 -2.7 2.6 -3.3
SD 9.5 3.5 9.8 3.5
p-value 52 .001* 012*%  <.001*

SD, Standard deviation; PMD, psoas muscle density; PMA, psoas muscle area. Paired t-test for

identifying significant differences of mean values between baseline and follow-up CT images. * =

signals statistical significance.



Table I1I. Unadjusted Cox regression associations of patient characteristics and z-scored muscle

parameters with survival in AAA patients treated with EVAR.
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Unadjusted
Risk factor HR (95% CI) p
Age (years) 1.07 (1.04-1.10) <.001*
Sex 1.27 (0.77-2.10) .357
Height 0.98 (0.96-1.00) .104
BMI 0.94 (0.89-0.99) .010*
Smoking 0.87 (0.55-1.39) .564
CAD 1.06 (0.74-1.52) .756
DM 0.82 (0.48-1.39) .454
HTA 0.92 (0.63-1.33) .641
Dyslipidemia 0.84 (0.58-1.22) .357
Pulmonary disease 1.24 (0.82-1.88) .299
Stroke or TIA 1.37 (0.79-2.35) .260
Creatinine level 0.99 (0.99-1.00) .337
Aneurysm diameter 1.01 (1.00-1.03) .182
Aneurysm neck length 1.00 (0.99-1.01) .830
Aneurysm neck diameter 1.01 (0.99-1.04) .233
PMA 0.81 (0.67-0.97) .023*
PMD 0.81 (0.67-0.95) .009*
APMA/BL 0.79 (0.65-0.95) .014*
APMD/BL 1.00 (0.83-1.20) .989
Statin 0.62 (0.43-0.90) .011*
Antiaggregant 0.86 (0.60-1.24) .433
Anticoagulant 0.99 (0.65-1.50) .952
Oral antidiabetic 0.82 (0.48-1.41) .475
Insulin 0.91(0.37-2.22) .828
Beta blocker 0.85(0.59-1.22) .374
Other antihypertensive 0.92 (0.64-1.32) .639

HR, Hazard ratio; CI, Confidence interval; BMI, Body mass index; CAD, coronary artery disease;

DM, diabetes mellitus; HTA, hypertension; TIA, transient ischaemic attack; PMA, psoas muscle

area; PMD, psoas muscle density; APMA/BL, psoas muscle area relative change; APMD/BL, psoas

muscle density relative change; BL, Baseline CT muscle parameter. Hazard ratio (HR) estimated
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from Cox hazard regression model. The HR for age is reported for a one-year increase and the HR
for BMI for a kg/m? unit increase. The reported hazard ratios for muscle parameters correspond a 1

standard deviation increase. Confidence interval (CI) of the estimated HR.

Table I'V. Multivariable Cox regression analysis of the association of statin therapy and survival in

AAA patients treated with EVAR.

Risk factor HR (95%CI)  p-value
Unadjusted 0.62 (0.43-0.87) .011%*
Model 1 0.67 (0.46-0.96) .029*
Model 2 0.69 (0.48-0.99) .048*

Unadjusted model included statin. In model 1 adjustments were made for statin, age, and body mass
index (BMI). Model 2 was adjusted for all factors associated with mortality in univariable analyses
(P<.01) (statin, age, BMI, and APMA/BL). Hazard ratio (HR) estimated from Cox hazard

regression model. Confidence interval (CI) of the estimated HR. * = statistically significant.



SUPPLEMENTARY TABLES

Supplementary Table I. Aneurysm related factors, endoleaks and graft types between statin and

non-statin users.
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Statin users Statin non-users  p-
Features Sample n=216
n=129 n= 87 value
Aneurysm anatomy
AAA diameter (mm) 62+ 11 62+ 11 63+11 .606
Aneurysm sac regression (mm) -3.9 +10.5 -3.9+11.5 -39+89 909
AAA neck length (mm) 33+17 32+18 33+ 16 832
AAA neck diameter (mm) 24+ 6 24+ 8 23+4 541
AAA neck over 10 mm 199 (92%) 119 (92%) 80 (92%) 932
Endoleak
Type l A 12 (6%) 8 (6%) 4 (5%) 614
Type I B 4 (2%) 3 (2%) 1 (1%) 524
Type 11 32 (15%) 19 (15%) 13 (15%) 965
Type IIl and IV 0
Graft type (between groups) 476
Zenith 117 (54%) 66 (51%) 51 (59%)
Zenith fenestrated 10 (8%) 4 (5%) 719
Excluder 67 (31%) 44 (34%) 23 (26%)
Excluder chimney 2 (2%) 3 (3%) 063
Endurant 32 (15%) 19 (15%) 13 (15%)
Graft-related re-interventions 15 (7%) 7 (5%) 8 (9%) 285
Late AAA rupture 7 (3%) 4 (3%) 3 (3%) .888

Results are shown as means with standard deviations. Aneurysm sac regression was estimated by

comparing preoperative and two-year follow-up CT images. Spontaneously sealed type II endoleaks

requiring no treatment were excluded. Graft-related interventions were reported at two years after

the intervention and late AAA ruptures at the end of follow-up.



