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Background-—Statins may reduce mortality after transcatheter aortic valve replacement (TAVR) through prevention of
atherosclerotic events or pleiotropic effects. However, the competing mortality risks in TAVR patients may dilute any positive
effect of statins. We sought to understand the association of statin use with post-TAVR mortality.

Methods and Results-—We included high– or intermediate–surgical risk patients who underwent TAVR as a part of the PARTNER
(Placement of Aortic Transcatheter Valves) II and Sapien 3 trials and registries. Outcomes included 2-year all-cause,
cardiovascular, and noncardiovascular mortality. We used propensity score matching to generate matched pairs between those
discharged on a statin and those not on a statin after TAVR. Bias was explored with falsification end points (urinary infection, hip
fracture). Among 3956 patients who underwent TAVR, we matched 626 patients on a statin with 626 patients not on a statin at
discharge. Among matched patients, statin use was associated with lower risk of all-cause (hazard ratio [HR] 0.65, 95% CI 0.49-
0.87, P=0.001), cardiovascular (HR 0.66, 95% CI 0.46-0.96, P=0.030), and noncardiovascular mortality (HR 0.64, 95% CI 0.44-0.99,
P=0.045) compared with no statin use. The survival curves diverged within 3 months and continued to separate over a median
follow-up of 2.1 years. The falsification end points were similar among groups (urinary infection, P=0.66; hip fracture, P=0.64).

Conclusions-—In an observational, propensity-matched analysis of TAVR patients, statin use was associated with lower rates of
cardiovascular and noncardiovascular mortality compared with no statin use. Given the early emergence of the apparent protective
effect of statins, this result may be driven either by pleiotropic effects or by residual confounding despite propensity-matching
methodology. ( J Am Heart Assoc. 2019;8:e011529. DOI: 10.1161/JAHA.118.011529.)
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Among patients with severe, symptomatic aortic stenosis,
transcatheter aortic valve replacement (TAVR) improves

survival and quality of life compared with medical therapy.1,2

Despite the improvement in survival conferred by TAVR,
mortality rates after TAVR remain high,3,4 as patients

undergoing TAVR are often elderly with multiple cardiovascu-
lar and noncardiovascular comorbidities. A number of strate-
gies have been employed to reduce post-TAVR mortality
further, including improving patient selection, limiting peripro-
cedural complications (eg, reducing sheath size to decrease
vascular complications, computed tomography sizing, and
sealing skirts to reduce paravalvular leaks), and improving
postprocedure care (eg, less intensive care time and earlier
mobilization). However, there is a continued need to inves-
tigate strategies that may provide further mortality reduction
after TAVR.

Statins are well established as a key therapy to reduce the
risk of cardiovascular mortality, especially among patients at
high-risk for cardiovascular events. However, the role of
statins in older adults is uncertain. Due to competing
mortality risks along with concerns for side effects and
polypharmacy in the elderly population, current American
clinical practice guidelines do not recommend statin therapy
for patients >75 years of age for primary prevention with the
decision to treat patients, and shared decision making is
advised for secondary preventions.5 Despite the high rate of
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post-TAVR mortality, it is unclear whether statins are asso-
ciated with improved outcomes after TAVR. In addition to their
cardiovascular benefits, statins may potentially reduce mor-
tality via nonatherosclerotic or pleiotropic effects (eg, reduc-
ing acute kidney injury6 and other surgical complications).7

One study that examined the relationship of statins with post-
TAVR outcomes found that statin use was associated with
lower mortality at 2 years compared with no statin use.8 A
different study found no association of statins with mortality
at 2 years after TAVR.9 However, because these were single-
center studies with relatively small sample sizes and the
inherent risk of bias due to nonrandom treatment assignment
in observational studies, leveraging statistical methods that
increase the comparability between groups across key
characteristics is important. We performed a propensity-
matched analysis among a large, prospective, adjudicated,
multicenter cohort of patients who underwent TAVR to
examine the association of statin use with the risk of
mortality after TAVR.

Methods

Study Population
For data protection reasons, the data, analytic methods, and
study materials will not be made available to other
researchers for purposes of reproducing the results of this
study. The current study included patients with severe
symptomatic aortic stenosis who underwent TAVR as a part
of the PARTNER II (Placement of Aortic Transcatheter Valve II)
and Sapien 3 clinical trials or associated registries.10,11

Briefly, the PARTNER II clinical trial enrolled patients who were
felt to be at intermediate risk (cohort A: predicted risk of 30-
day mortality 4% to 8%, based on either the Society of
Thoracic Surgeons [STS] mortality risk score or clinical
assessment by a multidisciplinary heart team) or who were

deemed inoperable (cohort B). The Sapien 3 trial enrolled
patients who were felt to be intermediate (STS risk score 4%
to 8% or heart team determination) and high (STS risk score
>8% or heart team determination) surgical risk. The
PARTNER II and Sapien 3 trials contained a number of
nested registries that also enrolled high-risk and inoperable
patients (heart team estimation of ≥50% risk of death or
serious, irreversible morbidity with surgery). Although the
studies generally followed similar protocols with respect to
inclusion and exclusion criteria, baseline data collection, and
follow-up, the PARTNER II studies used the Sapien-XT valve,
whereas the Sapien 3 studies used the Sapien 3 valve. The
current analysis included only patients who underwent TAVR.
The PARTNER study and registries were approved by the
institutional review board at each participating site, and all
patients provided written informed consent.

Study Exposure and Outcomes
Statin use was determined based on the discharge medica-
tion list from the index hospitalization. As a result, patients
who died before discharge were excluded. The primary
outcome was 2-year all-cause mortality. Secondary out-
comes included cardiovascular mortality, noncardiovascular
mortality, myocardial infarction, stroke, acute kidney injury,
and bleeding over the 2 years after discharge. The clinical
events committee adjudicated these outcomes according to
the Valve Academic Research Consortium-2 definitions.12,13

We used rates of urinary tract infection and hip fractures as
falsification end points to assess for bias. Falsification end
points (negative controls) are outcomes that are not causally
related to the main exposure under study. The absence of
an association between the exposure and the falsification
end point suggests a low bias.14 In our study urinary tract
infections and hip fractures are not causally affected by
statin use.15,16

Statistical Analyses
Because patients were not randomized to statin therapy at
discharge, and there might have been selection bias in who
had been prescribed statins, we used propensity score
methodology to create a cohort of patients with similar
characteristics who were discharged on a statin versus not
discharged on a statin after TAVR. Nonparsimonious logistic
regression was used to calculate the probability of receiving
a statin at discharge based on the covariates listed in
Table 1, with spline terms included for all continuous
variables. Covariates were selected based on their clinical
importance and their potential to confound the relationship
between statins and mortality. Matching was performed in a
1:1 ratio by greedy matching with a caliper width of 0.2 SD.

Clinical Perspective

What Is New?

• In a propensity-matched cohort, statin use at the time of
hospital discharge for the index transcatheter aortic valve
implantation was associated with lower risk of long-term all-
cause mortality compared with non–statin use after tran-
scatheter aortic valve replacement.

What Are the Clinical Implications?

• If validated in prospective studies, this study suggests that
statins may be used as an adjunct therapy after tran-
scatheter aortic valve replacement to improve survival.
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Table 1. Baseline Characteristics Before and After Propensity Score Matching

Characteristic

Prematch Postmatch

Statin (n=2864) No Statin (n=1092) Stand Diff (%)* Statin (n=626) No Statin (n=626) Stand Diff (%)*

Age, y 83 (78-87) 84 (79-88) 7.9 84 (78-87) 84 (80-88) 2.5

Male 59.8% 48.4% 22.3 49.0% 48.4% 0.7

White 93.7% 94.0% 1.7 95.2% 93.6% 5.7

Hispanic 1.7% 2.6% 5.2 2.1% 2.4% 2.3

Body surface area, m2 1.9 (1.7-2.1) 1.9 (1.7-2.0) 18.4 1.9 (1.7-2.0) 1.8 (1.7-2.0) 4.3

Diabetes mellitus 36.9% 30.6% 14.8 30.0% 31.3% 3.2

NYHA class IV 23.4% 25.7% 3.4 27.0% 25.6% 4.3

CCS class IV 2.0% 2.6% 2.5 2.9% 2.7% 2.8

Peripheral arterial disease 33.3% 28.0% 11.6 28.0% 28.8% 2.2

Prior stroke/TIA 19.1% 17.2% 0.05 15.5% 15.7% 0.2

Prior MI 19.9% 12.2% 22.0 12.1% 12.5% 1.2

Carotid stenosis 35.0% 19.8% 16.4 19.0% 16.1% 7.3

LAD stenosis >50% 22.3% 15.8% 22.8 27.3% 26.5% 1.4

LM stenosis >50% 38.4% 26.6% 16.1 5.1% 4.3% 5.1

Liver disease 8.7% 4.7% 15.0 3.0% 3.5% 2.8

Cirrhosis 1.8% 4.8% 11.3 1.3% 1.4% 1.5

COPD 0.7% 2.3% 1.6 32.6% 32.4% 1.3

O2-dependent COPD 32.9% 32.7% 0.1 6.7% 6.4% 1.1

Prior endocarditis 8.1% 7.5% 3.4 0.8% 0.8% 0.01

Current smoker 0.8% 1.0% 5.0 1.9% 1.8% 1.1

Conduction defect 2.6% 2.1% 5.1 44.6% 41.4% 0.7

Atrial fibrillation/flutter 43.3% 40.3% 4.3 40.1% 39.0% 2.4

Permanent pacemaker 38.2% 40.4% 5.7 16.9% 18.1% 5.2

Antiarrhythmic 14.7% 16.8% 3.2 9.6% 8.9% 3.1

Heart rate, bpm 71 (62-80) 71 (63-82) 11.4 71 (64-81) 71 (63-81) 3.0

SBP, mm Hg 130 (118-145) 130 (117-145) 0.5 131 (119-144) 132 (117-146) 0.3

DBP, mm Hg 67 (60-74) 68 (60-75) 6.5 68 (60-75) 68 (60-75) 0.8

CABG 35.0% 20.1% 35.9 18.2% 18.7% 1.5

PCI 35.0% 19.8% 33.9 20.8% 21.1% 1.1

b-Blocker 62.7% 54.7% 18.4 53.4% 52.4% 2.2

ACEI/ARB 79.4% 71.8% 15.0 28.8% 26.8% 5.6

Anticoagulant 25.6% 28.5% 3.7 28.8% 27.8% 1.7

Antiplatelet 81.3% 71.8% 21.0 72.8% 70.30% 6.4

LVEF (%) 58 (47-65) 59 (48-65) 3.4 60 (50-65) 60 (48-66) 2.4

LVESd index, cm/m2 3.2 (2.7-3.9) 3.1 (2.6-3.8) 0.9 1.7 (1.4-2.0) 1.7 (1.4-2.0) 1.9

LVEDd index, cm/m2 4.7 (4.3-5.2) 4.6 (4.2-5.2) 1.9 2.5 (2.3-2.8) 2.5 (2.3-2.8) 2.5

Aortic insufficiency (mod-severe) 11.7% 15.5% 8.1 13.3% 12.6% 0.6

Mitral insufficiency (mod-severe) 16.4% 19.7% 9.9 18.8% 19.6% 2.2

Tricuspid insufficiency (mod-severe) 14.0% 18.4% 13.1 17.7% 18.1% 0.1

BNP, ng/L 350 (166-843) 416 (192-986) 2.7 354 (148-824) 413 (196-944) 6.3

GFR, mL/min per 1.73 m2 61 (47-76) 62 (47-79) 5.5 70 (47-77) 63 (48-79) 1.7

Continued
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Covariate balance before and after matching was assessed
using standardized differences (>10% difference is consid-
ered clinically relevant). Furthermore, to assess for unmea-
sured confounding, we compared the rates of urinary tract
infections and hip fractures at 2 years between matched
groups.

Continuous variables were reported using median (in-
terquartile range) and compared by standardized difference.
Categorical variables were reported using percentages and
compared by standardized difference. Time-to-event variables
were reported using Kaplan-Meier estimations. Hazard ratios
with 95% CIs and P-values were reported using marginal Cox
models, which accounted for intrapair correlation in a
matched cohort. Competing risk models (all-cause mortality
as competing risk) were used to assess the association of
statins with event rates (vascular complications, stroke,
myocardial infarction, bleeding, endocarditis, and acute
kidney injury). Statistical significance was defined at an a
level of <0.05. All analyses were performed with SAS version
9.4 (SAS Institute Inc, Cary, NC).

Results

Study Population
Among 3990 intermediate– and high–surgical risk patients
who underwent TAVR as a part of the PARTNER II and Sapien

3 studies, 3956 patients survived to discharge and had use
of statins documented, of whom, 2864 (72.4%) were
discharged on a statin (Figure 1). Before matching, patients
discharged on a statin were more likely to be men and to
have diabetes mellitus and all forms of atherosclerosis
(peripheral artery disease, carotid disease, coronary disease
[including prior revascularization and myocardial infarction])
and were less likely to have liver disease as compared with
patients not on a statin (Table 1). Patients on a statin (versus
not) also had faster gait speeds, higher albumin levels, and
better health status before TAVR. In unadjusted analyses
among all eligible patients, patients discharged on a statin
had lower rates of 2-year death as compared with those not
on a statin (Kaplan-Meier–estimated 2-year mortality rates:
statin versus no statin (17.0% versus 23.4%, log-rank
P<0.0001; Figure 2).

After accounting for the differences in patient character-
istics, there was adequate overlap in the distribution of
propensity scores between the 2 cohorts (Figure 3), and we
were able to identify 626 matched pairs of patients with
similar propensity scores. The matched cohort had a median
age of 84 years (interquartile range 79-88), 51.3% were
women, and 26.3% had New York Heart Association IV
symptoms before TAVR (Table 1). The median STS mortality
risk score was 6.1% (interquartile range 4.7% to 8.5%) in the
matched cohort. Overall, there were some differences
between patients who were matched and those who were

Table 1. Continued

Characteristic

Prematch Postmatch

Statin (n=2864) No Statin (n=1092) Stand Diff (%)* Statin (n=626) No Statin (n=626) Stand Diff (%)*

Albumin, g/dL 3.9 (3.5-4.2) 3.8 (3.5-4.1) 14.8 3.9 (3.5-4.1) 3.8 (3.5-4.1) 3.7

Hemoglobin, g/dL 12 (11-13) 12 (11-13) 7.0 12 (11-13) 12 (11-13) 0.2

Platelets, 109/L 189 (156-233) 193 (154-244) 4.0 196 (160-240) 196 (157-246) 0.9

History of cancer 1.5% 2.0% 7.6 1.6% 1.3% 0.1

Gait speed, m/s 0.4 (0.1, 0.7) 0.3 (0.1-0.7) 12.5 0.4 (0.1-0.7) 0.4 (0.1-0.7) 0.5

KCCQ-OS 50 (33-67) 47 (29-64) 10.4 47 (31-66) 47 (30-65) 0.2

MMSE 28 (26-29) 28 (26-29) 2.8 28 (26-30) 28 (26-29) 1.5

Prior nonaortic balloon valvuloplasty 10.8% 10.2% 0.8 10.0% 10.0% 0.1

Hostile chest 5.8% 6.5% 5.0 5.6% 5.3% 3.2

Porcelain aorta 3.9% 3.9% 0.4 3.2% 3.4% 1.0

Previous aortic valvuloplasty 10.6% 9.9% 2.9 11.0% 9.6% 5.6

Transfemoral access 78.8% 82.0% 7.4 82.6% 84.0% 5.3

Values are median (IQR) or percentages. ACEI indicates angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; BNP, brain natriuretic peptide; CABG, coronary artery
bypass grafting; CCS, Canadian Cardiovascular Society; COPD, chronic obstructive pulmonary disease; DBP, diastolic blood pressure; GFR, glomerular filtration rate; IQR, interquartile
range; KCCQ, Kansas City Cardiomyopathy Questionnaire; LAD, left anterior descending coronary artery; LM, left main coronary artery; LVEDd, left ventricular end diastolic diameter; LVEF,
left ventricular ejection fraction; LVESd, left ventricular systolic diameter; MI, myocardial infarction; MMSE, mini mental status exam; mod, moderate; NYHA, New York Heart Association;
PCI, percutaneous coronary intervention; SBP, systolic blood pressure; Stand Diff, standardized difference; TIA, transient ischemic attack.
*Absolute standardized differences.
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not in the matched cohort. For example, the matched cohort
had a higher proportion of women, New York Heart
Association class IV heart failure, patients with permanent
pacemaker, STS Predicted Risk of Mortality score 4 to 8, and
use of transfemoral access compared with the unmatched
patients (Table 2). Patients who were unmatched were more
likely to have an STS Predicted Risk of Mortality score >8,
diabetes mellitus, atherosclerotic disease, b-blocker use,
antiplatelet use, and oxygen-dependent chronic obstructive

pulmonary disease compared with the matched patients.
Despite these clinical differences, there were no differences
between cohorts in the rates of all-cause death (matched
versus unmatched patients 22.4% versus 20.5%, P=0.18),
cardiovascular death (14.9% versus 13.1%, P=0.16), and
noncardiovascular death (12.0% versus 11.1%, P=0.32). After
matching, standardized differences were <10% for all
covariates, indicating good covariate balance (Figure 4).
There were no differences in the rates of the falsification

3956 patients who survived and had usage 
of statins recorded at hospital discharge

Yes 
(N = 2864)

Propensity Score 
Matching

On statin
N = 626 

Not on statin
N = 626 

On statin at hospital 
discharge after TAVR?

No 
(N = 1092)

3990 patients enrolled in 
PARTNER II/S3 Trials and 

registries who underwent TAVR 4 Died before hospital discharge 
30 had missing values for statin at discharge

Figure 1. Derivation of analytic cohort. PARTNER indicates placement of aortic transcatheter valves;
TAVR, transcatheter aortic valve replacement.

Figure 2. Two-year all-cause mortality for statin vs no-statin groups in the
unmatched cohort. HR indicates hazard ratio.
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end points between groups (statin versus no statin: urinary
tract infection 14.0% versus 14.7%, P=0.66; hip fracture 8.8%
versus 9.0%, P=0.64).

Outcomes in Matched Cohort
The overall mortality at 2 years after TAVR in the matched
cohort was 21.3%. Patients who were discharged on a
statin had a lower rate of all-cause mortality compared with
patients who were not on a statin at discharge
(Kaplan-Meier–estimated 2-year mortality rates of statin
versus no statin: 18.1% versus 24.5%, log-rank P=0.004; HR
0.65, 95% CI 0.49-0.87, P=0.001, Figure 5). The survival
curves diverged within �3 months and continued to
separate over a median follow up of 2.1 years. Results
were consistent for both cardiovascular (HR 0.66, 95% CI
0.46-0.96, P=0.030, Figure 6A) and noncardiovascular mor-
tality (HR 0.64, 95% CI 0.44-0.99, P=0.045, Figure 6B).

At 2 years post-TAVR, the rates of myocardial infarction
(2.3% statin versus 1.5% no statin, log-rank P=0.31), stroke
(4.6% statin versus 5.4% no statin, log-rank P=0.90), and
bleeding (22.0% statin versus 21.6% no statin, log-rank
P=0.95) were similar between groups. There were trends
toward lower rates of acute kidney injury (17.2% versus

24.2%, HR 0.70, 95% CI 0.48-1.04, P=0.08) and
endocarditis (0.5% versus 2.5%, HR 0.28, 95% CI 0.08-
1.01, P=0.13) in patients on statins compared with patients
who were not on a statin at discharge (Table 3). Specifically
in regard to the etiology of deaths, the difference in
cardiovascular death appeared to be driven by lower rates
of death from cardiac disease in the statin group (statin
versus no statin: 3.0% versus 6.7%, HR 0.37, 95% CI 0.18-
0.73, P=0.004, Table 4). The difference in noncardiovascular
death appeared to be driven by lower rates of infection
(2.7% versus 6.6%, HR 0.38, 95% CI 0.19-0.76, P=0.006)
and malignancy (0.3% versus 2.3%, HR 0.21, 95% CI 0.04-
0.96, P=0.04) in the statin versus nonstatin groups,
respectively.

Discussion
The mortality rate of patients after TAVR remains high, neces-
sitating further exploration of potential strategies or therapies
thatmay improvemortality in this high-risk group of patients. We
found, in a large, nonrandomized cohort of patients undergoing
TAVR, that those patients who were discharged on a statin after
TAVR had lower rates of all-cause, cardiovascular, and

Figure 3. Distribution of propensity score before matching between statin groups.
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noncardiovascular death over a median follow up of 2.1 years
compared with patients not on a statin. The survival curves
diverged quite early, and there were no differences in the rates of
atherosclerotic events after TAVR. Thus, these differences are
likely not driven by the atherosclerotic effects of statins but likely
either by pleiotropic effects, as evidenced by lower rates of
infections and acute kidney injury, or by residual confounding, as
evidenced by lower rates of deaths due to malignancy.

Prior Studies
Our study supports the findings from 1 prior single-center
study that examined the association of statins and post-TAVR
mortality among 294 patients.8 In this study mortality was
similar at 30 days after TAVR between patients who were on
a statin versus not on a statin at the time of TAVR. However,

Table 2. Baseline Characteristics of Matched Versus
Unmatched Patients

Characteristics Matched (n=1252)
Unmatched
(n=2704) P Value

Age, y 84 (79-88) 83 (77-87) <0.01

Male 48.7% 60.4% <0.01

White 94.4% 93.5% 0.26

Hispanic 2.2% 1.7% 0.29

Body surface
area, m2

1.84 (1.69-2.02) 1.90
(1.71-2.07)

<0.01

Diabetes mellitus 30.7% 37.2% <0.01

NYHA class IV 26.3% 23.0% 0.02

CCS class IV 2.8% 1.9% 0.07

Peripheral
arterial disease

28.4% 33.5% <0.01

Prior stroke or TIA 15.6% 20.0% <0.01

Prior MI 12.3% 20.3% <0.01

Carotid disease 17.6% 21.9% <0.01

LAD stenosis >50% 26.9% 39.0% <0.01

LM stenosis >50% 4.7% 8.9% <0.01

Liver disease 3.3% 2.3% 0.07

Cirrhosis 1.4% 1.0% 0.38

COPD 32.5% 33.0% 0.74

O2-dependent COPD 6.5% 8.5% 0.03

Prior endocarditis 0.8% 0.9% 0.87

Current smoker 1.8% 2.7% 0.09

Conduction defect 21.50% 24.50% 0.04

Atrial fibrillation/flutter 39.5% 38.5% 0.53

Permanent pacemaker 17.5% 14.3% 0.01

Antiarrhythmic 9.3% 9.6% 0.73

Heart rate, bpm 71 (64-81) 71 (62-80) 0.12

SBP, mm Hg 132 (118-145) 130.0 (118-144) 0.25

DBP, mm Hg 68 (60-75) 67 (60-74) 0.09

CABG 18.5% 36.6% <0.01

PCI 20.9% 35.4% <0.01

b-Blocker 52.9% 64.1% <0.01

ACEI/ARB 42.4% 45.9% 0.03

Anticoagulant 28.3% 25.5% 0.07

Antiplatelet 71.6% 81.9% <0.01

LVEF (%) 60 (49-65) 57 (50-65) <0.01

LVESd index, cm/m2 1.69 (1.44-2.00) 1.74 (1.47-2.09) <0.01

LVEDd index, cm/m2 2.51 (2.26-2.78) 2.52 (2.28-2.82) 0.10

Aortic insufficiency
(mod-severe)

12.9% 12.6% 0.77

Mitral insufficiency
(mod-severe)

19.2% 16.3% 0.03

Tricuspid insufficiency
(mod-severe)

17.9% 13.7% <0.01

GFR, mL/min
per 1.73 m2

62 (47-77) 61 (46-76) 0.05

Continued

Table 2. Continued

Characteristics Matched (n=1252)
Unmatched
(n=2704) P Value

BNP, ng/L 384 (175-880) 358 (170-866) 0.42

Albumin, g/dL 3.8 (3.5-4.1) 3.9 (3.5-4.2) 0.01

Hemoglobin, g/dL 12.0 (10.8-13.2) 12.1 (11.0-13.3) 0.02

Platelets, 109/L 194 (159-243) 189 (154-232) 0.00

History of cancer 1.4% 1.7% 0.54

Gait speed, m/s 0.4 (0.1-0.7) 0.4 (0.1-0.7) 0.05

KCCQ-OS 47 (30-65) 49 (33-68) 0.03

MMSE 28 (26-29) 28 (26-29) 0.04

Prior non–aortic
balloon
valvuloplasty

10.2% 10.9% 0.12

Hostile chest 5.4% 6.2% 0.33

Porcelain aorta 3.3% 4.2% 0.17

Aortic valvuloplasty 10.3% 10.5% 0.88

STS-PROM* 6.1 (4.7-8.5) 6.4 (4.7-9.2) 0.02

STS-PROM Score*

<4 7.4% 8.6% 0.21

4 to 8 64.4% 57.7% <0.01

>8 28.2% 33.7% <0.01

Transfemoral
access (TF)

83.3% 78.0% <0.01

Values are median (IQR) or percentages. Categorical variables compared using the Chi-
squared or Fisher exact test. Continuous variables are compared using ANOVA and the
Wilcoxon Rank-Sum test. ACEI indicates angiotensin converting enzyme inhibitor; ARB,
angiotensin receptor blocker; BNP, brain natriuretic peptide; CABG, coronary artery
bypass grafting; CCS, Canadian Cardiovascular Society; COPD, chronic obstructive
pulmonary disease; DBP, diastolic blood pressure; GFR, glomerular filtration rate; IQR,
interquartile range; KCCQ, Kansas City Cardiomyopathy Questionnaire; LAD, left anterior
descending coronary artery; LM, left main coronary artery; LVEDd, left ventricular end-
diastolic diameter; LVEF, left ventricular ejection fraction; LVESd, left ventricular systolic
diameter; MI, myocardial infarction; MMSE, mini-mental status exam; mod, moderate;
NYHA, New York Heart Association; PCI, percutaneous coronary intervention; SBP,
systolic blood pressure; STS-PROM, Society of Thoracic Surgeons Predicted Risk of
Mortality; TF, transfemoral; TIA, transient ischemic attack.
*Not included in the propensity model.
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statin therapy was associated with lower rates of death at 1,
3, and 5 years of follow-up compared with no statin, and
high-intensity statins demonstrated an even greater protec-
tive effect compared with low/moderate-intensity statins. A
different single-center study of 342 patients who underwent
TAVR for severe aortic stenosis found that although statin
use at the time of TAVR was associated with lower rates of
in-hospital and 30-day stroke/TIA compared with no statin
use, there was no association of statin use with 30-day,
6-month, or 1- or 2-year overall survival.9 The factors
responsible for the seemingly conflicting results of these
prior studies are unclear but may be related to the small
sample size resulting in larger variance around outcome
estimates. Additionally, the risk of treatment assignment bias
is high in both studies. This is important, as we have shown
that patients who are on statins at the time of TAVR have

many clinical and frailty factors that differ from those not on
statins. To address these limitations, we matched patients
with similar likelihood for treatment with statins based on
baseline covariates to limit bias related to treatment
assignment. We also used falsification end points in our
analysis to further assess for residual bias, and yet we still
found similar results to the previous study. Due to the size of
our study, we were able to delve further into nonfatal events
and the etiology of fatal events to try to elucidate potential
mechanisms for the findings.

Potential Explanations
Statins are well established in their ability to reduce the risk
of all-cause and cardiovascular mortality in patients who
have established or are at high risk for atherosclerosis

Age
Basline BSA

Male
Race: white

Race: hispanic
Baseline Systolic Blood Pressure

Baseline Diastolic Blood Pressure
Baseline Heart Rate

Previous MI
Previous PCI

Previous CABG
Previous Aor�c Balloon Valvuloplasty

Previous Non-aor�c Balloon Valvuloplasty
LM Stenosis >= 50%

LAD Stenosis >= 50%
Angina Class 4

NYHA 4
Previous stroke or TIA

Caro�d Stenosis
PAD

Afib or Flu�er
Conduc�on Defect

Baseline Pacemaker
Diabetes

COPD
Oxygen-dependent COPD

Liver Disease
Cirhosis

History of Cancer
Current Smoker

Hos�le Chest
Porcelain Aorta

Endocardi�s
Baseline Gait

Baseline KCCQ
Baseline MMSE

Baseline GFR
Baseline LVEF

Baseline Hemoglobin
Baseline Platelets

Baseline BNP
Baseline Albumin

Baseline Aor�c Insufficiency (Mod-Severe)
Baseline Mitral Insufficiency (Mod-Severe)

Baseline Tricuspid Insufficiency (Mod-Severe)
Baseline LV End Diastolic Diameter index
Baseline LV End Systolic Diameter index

Femoral Access
An�arrhythmic at Randomiza�on
An�coagulants at Randomiza�on

Any An�platelets at Randomiza�on
Beta-blocker at Randomiza�on

ACE/ARB at Randomiza�on

Standardized Difference

0.0 0.1 0.2 0.3 0.4 0.5

Pre-match Post-match

Figure 4. Standardized differences of covariates before and after propensity score matching. ACEI indicates angiotensin converting enzyme
inhibitor; Afib, atrial fibrillation; ARB, angiotensin receptor blocker; BNP, brain natriuretic peptide; BSA, body surface area; CABG, coronary artery
bypass grafting; COPD, chronic obstructive pulmonary disease; GFR, glomerular filtration rate; KCCQ, Kansas City Cardiomyopathy
Questionnaire; LAD, left anterior descending artery; LM, left main; LV, left ventricle; LVEF, left ventricular ejection fraction; MI, myocardial
infarction; MMSE, mini mental status exam; NYHA, New York Heart Association; PAD, peripheral artery disease; PCI, percutaneous coronary
intervention; TIA, transient ischemic attack.
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through reduction in ischemic events.17,18 However, the
benefits of statins in patients >75 years of age, particularly
those with comorbidities, are controversial, given competing
mortality risks and the duration of statin use needed to
reduce atherosclerotic events. Given the burden of

atherosclerosis among patients undergoing TAVR, the
observed reduction in cardiovascular mortality with statins
after TAVR may be due to a reduction in ischemic events.
Because the survival curves diverged within �3 months,
however, this difference is unlikely to be explained by a

Overall Log-Rank p-value = 0.0032

HR: 0.65 [95% CI: 0.49, 0.87]
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Figure 5. Kaplan-Meier plot of 2-year all-cause mortality for statin vs no-statin groups. HR indicates
hazard ratio.
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Figure 6. Kaplan-Meier plot of 2-year cardiovascular (A) and noncardiovascular (B) mortality for statin vs no-statin groups. HR indicates hazard
ratio.
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reduction in ischemic events, an effect that generally does
not appear until >1 year in secondary prevention trials of
statins versus placebo.19,20 This is further supported by no
evidence of lower rates of myocardial infarction or stroke in
patients on a statin.

Thus, our findings may be explained by the anti-inflamma-
tory or other pleiotropic effects of statins. Statins have been

shown to inhibit cytokine-mediated induction of proadhesive
and procoagulant substances.21 Additionally, statins reduced
neointimal thickening after vascular injury without changing
plasma LDL levels.22 Statins induce favorable vascular remod-
eling via induction of endothelial NO synthase and thrombo-
modulin.23 The role of statins in periprocedural complications
remains an active area of study. For example, statins have been
investigated as a tool to reduce contrast-induced acute kidney
injury in patients undergoing percutaneous coronary interven-
tion with some24 but not all25 studies showing a benefit with
statins. A recent prospective randomized trial, however,
showed no reduction in acute kidney injury in patients who
underwent cardiac surgery.26 Additionally, an assessment of
statin use in noncardiac surgery in a large population of male
veterans showed that statins were associated with reductions
in 30-day mortality and cardiac, infectious, respiratory, and
renal complications at 30 days postsurgery.27 Similar to these
findings, we noted lower risk of mortality due to infection and a
trend toward a reduction in acute kidney injury in the statin
group, but contrary to these studies, the benefit of statins did
not emerge until after 30 days of follow-up.

It is also plausible that statins have no impact on mortality
after TAVR, and the observed differences are simply due to
residual confounding despite propensity matching and exam-
ination of bias with falsification end points. For example,
patients discharged on a statin were less likely to die from
malignancy compared with those not on a statin. Despite
advanced statistical methods, the observational nature of our
analysis still harbors the risk of residual confounding. As a

Table 3. Mortality-Related Events at 2 Years After TAVR

Statin, n (%) No Statin, n (%) HR (95% CI) P Value

Death

All-cause 79 (18.1) 113 (24.5) 0.65 (0.49, 0.87) 0.004

Cardiovascular 46 (10.4) 65 (14.3) 0.66 (0.46, 0.96) 0.030

Noncardiovascular 33 (8.6) 48 (11.9) 0.64 (0.41, 0.99) 0.045

Cardiovascular deaths

Procedure related 2 (0.3) 1 (0.2) 1.95 (0.18, 21.42) 0.58

Cardiac disease 11 (3.0) 28 (6.7) 0.37 (0.18, 0.73) 0.004

Non-cardiovascular condition 9 (2.1) 9 (2.5) 0.93 (0.37, 2.36) 0.88

Unknown 24 (5.4) 26 (5.4) 0.86 (0.49, 1.52) 0.61

Noncardiovascular deaths

Infectious 11 (2.7) 27 (6.6) 0.38 (0.19, 0.76) 0.006

Pulmonary 11 (3.3) 5 (1.6) 2.03 (0.70, 5.88) 0.19

Malignancy 2 (0.3) 9 (2.3) 0.21 (0.04, 0.96) 0.04

Accidental/trauma 2 (0.6) 2 (0.3) 0.93 (0.13, 6.47) 0.94

Renal causes 4 (1.2) 1 (0.5) 3.64 (0.41, 32.73) 0.25

HR indicates hazard ratio; TAVR, transaortic valve replacement.

Table 4. Event Rates for Stroke, Myocardial Infarction,
Bleeding, Endocarditis, and Acute Kidney Injury at 2 Years
After TAVR (All-Cause Death as Competing Risk)

Outcome
Statin,
n (%)

No Statin,
n (%) HR (95% CI) P Value

Vascular
complications

13 (2.5) 12 (3.6) 1.10 (0.54, 2.27) 0.79

Stroke 20 (4.6) 20 (5.4) 0.97 (0.54, 1.72) 0.90

Myocardial
infarction

7 (2.3) 4 (1.5) 1.89 (0.55, 6.48) 0.31

Bleeding 49 (22.0) 50 (21.6) 1.01 (0.68, 1.50) 0.95

Endocarditis 3 (0.5) 10 (2.5) 0.29 (0.08, 1.06) 0.06

Acute kidney
injury

0.74 (0.50, 1.09) 0.13

Any 44 (17.2) 61 (24.2) 1.78 (0.43, 7.40) 0.43

Stage I 5 (2.0) 3 (1.0) 0.70 (0.47, 1.06) 0.09

Stage II 41 (15.1) 60 (23.0) 0.88 (0.30, 2.58) 0.82

Stage III 5 (1.9) 6 (2.5) 1.10 (0.54, 2.27) 0.79

HR indicates hazard ratio.
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result, the association of statins with mortality after TAVR
merits prospective assessment in a blinded randomized trial to
generate a true estimate of the potential benefit and treatment
effect of statins in this population.

Limitations
This study should be interpreted within the context of a few
limitations. As described above, we cannot eliminate the
possibility of residual confounding or infer causality despite the
use of propensity matching and falsification end points. It is
plausible that patients on statins may still be prognostically
different from those not on a statin. The early emergence of a
mortality benefit (within 3 months) is of unclear significance
because the benefits of statin use are expected to accrue over
time. As a result, this might be a signal for unmeasured
confounding related to the different prognostic trajectories of
patients on a statin versus those not on a statin in this study.
Second, we did not have statin dosing or type in order to
determine intensity of statin therapy and therefore examine a
dose-response association. Third, we assessed statin use only
at discharge. Although statins are generally chronic medica-
tions in TAVR patients and likely remain fairly consistent over
time, we were unable to assess any potential association
between duration and change over time of statin use both
before and after TAVR. We used statin prescription at discharge
as a proxy for statin use after TAVR. This opens the possibility
that some patients may have either discontinued or started
statins during follow-up. Finally, ezetimibe use was not
collected in this study, which prevents us from examining the
effect of a statin-ezetimibe combination in this analysis.

Conclusion
In a large propensity-matched analysis, patients discharged
on a statin after TAVR experienced lower rates of mortality
compared with those not discharged on a statin. Despite
propensity matching and the use of falsification end points,
this analysis cannot exclude residual confounding. Therefore,
prospective studies are needed to further clarify the potential
role of statins as an adjunctive therapy in patients with severe
aortic stenosis treated with TAVR.
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