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ABSTRACT
Objective Data on statin for patients with aortic 
stenosis (AS) who underwent transcatheter aortic valve 
implantation (TAVI) are limited. The present study aimed to 
evaluate the impact of statin on midterm mortality of TAVI 
patients.
Design Observational study.
Setting This study included patients with AS from a 
Japanese multicentre registry who underwent TAVI.
Participants The overall cohort included 2588 patients 
(84.4±5.2 years); majority were women (69.3%). The 
Society of Thoracic Surgeons risk score was 6.55% (IQR 
4.55%–9.50%), the Euro II score was 3.74% (IQR 2.34%–
6.02%) and the Clinical Frailty Scale score was 3.9±1.2.
Interventions We classified patients based on statin 
at admission and identified 936 matched pairs after 
propensity score matching.
Primary and secondary outcome measures The 
outcomes were all- cause and cardiovascular mortality.
Results The median follow- up was 660 days. Statin at 
admission was associated with a significant reduction in 
all- cause mortality (adjusted HR (aHR) 0.76, 95% CI 0.58 
to 0.99, p=0.04) and cardiovascular mortality (aHR 0.64, 
95% CI 0.42 to 0.97, p=0.04). In the octogenarians, statin 
was associated with significantly lower all- cause mortality 
(aHR 0.87, 95% CI 0.75 to 0.99, p=0.04); however, the 
impact in the nonagenarians appeared to be lower (aHR 
0.84, 95% CI 0.62 to 1.13, p=0.25). Comparing four groups 
according to previous coronary artery disease (CAD) and 
statin, there was a significant difference in all- cause 
mortality, and patients who did not receive statin despite 
previous CAD showed the worst prognosis (aHR 1.33, 
95% CI 1.12 to 1.57 (patients who received statin without 
previous CAD as a reference), p<0.01).
Conclusions Statin for TAVI patients will be beneficial 
even in octogenarians, but the benefits may disappear 
in nonagenarians. In addition, statin will be essential for 
TAVI patients with CAD. Further research is warranted to 
confirm and generalise our findings since this study has 
the inherent limitations of an observational study and 
included only Japanese patients.
Trial registration number UMIN000020423.

INTRODUCTION
Transcatheter aortic valve implantation (TAVI) 
is an established treatment for severe aortic 
stenosis (AS).1–4 However, long- term survival 
after TAVI is not satisfactory, as shown in a 
meta- analysis including 31 studies, where 
the 5- year and 7- year survival rates were 48% 
and 28%, respectively.5 TAVI patients are very 
elderly and have many cardiovascular comor-
bidities, such as coronary artery disease (CAD), 
stroke and peripheral artery disease (PAD).1 2 6 
Therefore, adjunctive optimal medical therapy 
is required to improve prognosis after TAVI. 
Statin therapy is expected to reduce cardio-
vascular risk and mortality in patients who 
have undergone TAVI; however, data on 
statin therapy for TAVI patients are limited. A 

Strengths and limitations of this study

 ► The present study includes the largest number of 
patients with aortic stenosis who underwent tran-
scatheter aortic valve implantation, assessing the 
impact of statin therapy on midterm all- cause and 
cardiovascular mortality.

 ► This is the first study to investigate the difference in 
statin effect among octogenarians and nonagenari-
ans and to evaluate how the impact of statin therapy 
differed according to the underlying coronary artery 
disease.

 ► All- cause and cardiovascular mortality were anal-
ysed using propensity score matching and Cox pro-
portional hazards regression model.

 ► Unknown and unmeasurable factors may have con-
founded the relationship between statin therapy at 
admission and mortality due to the nature of an ob-
servational study.

 ► We could not assess intolerance in patients eligi-
ble for statin treatment but who could not continue 
treatment due to statin side effects.

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-7755-5771
http://dx.doi.org/10.1136/bmjopen-2020-044319
http://dx.doi.org/10.1136/bmjopen-2020-044319
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2020-044319&domain=pdf&date_stamp=2021-06-11
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report from the Placement of Aortic Transcatheter Valve 
II (PARTNER II) and Sapien 3 clinical trials or associated 
registries showed that statin therapy was associated with a 
lower 2- year mortality rate compared with patients not on 
statin therapy.7 However, the study did not demonstrate any 
differences in statin effect among octogenarians and nona-
genarians and did not evaluate whether the impact of statin 
therapy would differ according to the underlying CAD. 
Therefore, the present study aimed to evaluate the impact 
of statin therapy on midterm mortality of TAVI patients and 
its association with age or the underlying CAD, using our 
Japanese multicentre registry data.

METHODS
Study population and design
All patients with severe AS who underwent TAVI at 14 Japa-
nese centres (Keio University Hospital, Teikyo University 
Hospital, Toyohashi Heart Center, Nagoya Heart Center, 
New Tokyo Hospital, Kokura Memorial Hospital, Saiseikai 
Yokohama City Eastern Hospital, Sendai Kousei Hospital, 
Shonan Kamakura General Hospital, Osaka City Univer-
sity Graduate School of Medicine, Kishiwada Tokushukai 
Hospital, Toyama University Hospital, Tokyo Bay Urayasu 
Ichikawa Medical Center and Ogaki Municipal Hospital) 
between 2013 and 2017 were prospectively included in 
our TAVI registry (Optimized CathEter vAlvular iNterven-
tion (OCEAN- TAVI) registry).8–10 Informed consent was 
obtained from all patients. The OCEAN- TAVI registry was 
registered with the University Hospital Medical Informa-
tion Network Clinical Trial Registry and accepted by the 
International Committee of Medical Journal Editors.

Patients received transcatheter heart valves (THVs) via 
either the transfemoral, transapical or transaortic approach. 
Sapien XT valves, Sapien 3 valves (Edwards Lifesciences, 
Irvine, California), CoreValve and Evolut R (Medtronic, 
Minneapolis, Minnesota) were used as THVs. A total of 
2588 patients were treated with TAVI between 2013 and 

2017. They were categorised into two groups according 
to statin administration at admission for TAVI procedures 
(figure 1). We set the primary endpoint as midterm all- 
cause mortality for up to 3 years. The secondary endpoints 
included midterm cardiovascular mortality, midterm non- 
cardiovascular mortality up to 3 years and 30- day all- cause 
mortality.

We performed propensity score (PS) matching, as 
described below, and compared the endpoints between 
the two groups in the matched cohort. In addition, we 
categorised the matched cohort into two cohorts, an octo-
genarian cohort (80–89 years old) and a nonagenarian 
cohort (90 years or older), and investigated differences by 
age in the impact of statin on midterm all- cause mortality. 
Furthermore, we classified the overall cohort into four 
groups according to history of CAD and statin treatment 
at admission and evaluated whether the impact of statin 
differed according to the underlying CAD condition. We 
also explored predictors of midterm all- cause mortality in 
the overall cohort using multivariate analysis.

Clinical outcomes including all- cause mortality and 
cardiovascular mortality were defined according to the Valve 
Academic Research Consortium-2 consensus document.11

Statistical analysis
Continuous variables are expressed as mean±SD and cate-
gorical variables are expressed as percentages. Continuous 
variables were compared using the Wilcoxon rank- sum 
test. The χ2 test was used to compare categorical variables. 
Survival curves up to 3 years were presented as Kaplan- 
Meier curves, and the log- rank test was used for compar-
ison of the statin and non- statin groups. Cox proportional 
hazards regression analyses were performed to identify 
independent correlates for midterm all- cause mortality.

PS matching12 13 was used to account for differences in 
baseline characteristics. PS was calculated for each patient 
using a logistic regression model to predict stratification into 
the statin group based on the following variables: age; sex; 
body surface area; smoking; diabetes; hypertension; history 
of CAD, myocardial infarction (MI), percutaneous coro-
nary intervention, coronary artery bypass grafting, stroke 
and PAD; atrial fibrillation; estimated glomerular filtration 
rate; haemoglobin level; renin- angiotensin inhibitor treat-
ment at admission; New York Heart Association (NYHA) 
class 3 or 4; Clinical Frailty Scale8; and Society of Thoracic 
Surgeons (STS) risk score. PS matching was performed 
using 1:1 matching without replacement, with the calliper 
width equal to 0.2 SD of the PS logit. The balance between 
the statin and non- statin groups in the matched cohort 
was estimated using absolute standardised difference. Cox 
proportional hazards analyses were performed to assess the 
impact of statin on clinical outcomes. In addition to the PS 
matching model, we built a multivariable model by inverse 
probability of treatment weighting (IPTW) using PS.14 All 
reported p values were two- sided, and a p value <0.05 was 
considered statistically significant. All statistical analyses 
were performed using the R software package (V.3.3.2; R 
Development Core Team, Vienna, Austria).

Figure 1 Flow chart of patient selection for the present 
study. OCEAN, Optimized CathEter vAlvular iNtervention; 
TAVI, transcatheter aortic valve implantation.
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Patient and public involvement statement
Patients were first involved in the research when they 
underwent TAVI and registered to the OCEAN- TAVI 
registry through a web- based data collection system. 
Research questions and outcome measures were developed 
by the OCEAN- TAVI registry investigators. Patients were 
informed about the registration. They were asked to assess 
the burden of the intervention and the time required to 
participate in the research. Information on the registry and 
the study results are available on the website of the OCEAN- 
TAVI registry.

RESULTS
Among the 2588 patients who underwent TAVI, 1523 
and 1065 patients were classified into the statin and 
the non- statin group, respectively (figure 1). The 
distribution of PS in the statin and non- statin groups 
is shown in online supplemental figure S1. After 1:1 PS 
matching, we identified 936 matched pairs of patients 
with similar PS. The patient characteristics of the statin 
and non- statin groups before and after matching are 
summarised in table 1. The overall cohort included 

very elderly patients (84.4±5.2 years). The majority of 
the cohort were female (69.3%). The STS risk score was 
6.55% (IQR 4.55%–9.50%), the Euro II score was 3.74% 
(IQR 2.34%–6.02%) and the Clinical Frailty Scale score 
was 3.9±1.2.

After PS matching, the two groups were well balanced 
in terms of preprocedural patient characteristics and 
procedural variables. In- hospital all- cause mortality, acute 
kidney injury, stroke and vascular complications did not 
differ between the two groups. Postprocedural echocardi-
ography data showed no significant differences between 
the two groups (table 2). The patient characteristics and 
in- hospital outcomes of the PS matched and unmatched 
groups are summarised in online supplemental tables 
S1 and S2. There were several differences between the 
two groups. The proportion of male patients was lower 
in the PS matched group than in the unmatched group 
(532 (28.4%) vs 263 (36.7%), p<0.01), NYHA class 3 or 
4 was less frequent in the matched group (919 (49.1%) 
vs 402 (56.2%), p<0.01), the Clinical Frailty Scale score 
was lower in the matched group (3.8±1.2 vs 4.2±1.4, 
p<0.01), and the STS risk score was lower in the matched 

Figure 2 Kaplan- Meier curves for midterm and 30- day mortality in the matched cohort. Kaplan- Meier curves for midterm 
all- cause mortality (A), CV mortality (B) and non- CV mortality (C) in the matched cohort. (D) Kaplan- Meier curve for 30- day all- 
cause mortality and midterm all- cause mortality with the landmark analysis from 30 days in the matched cohort. aHR, adjusted 
HR; CV, cardiovascular.

https://dx.doi.org/10.1136/bmjopen-2020-044319
https://dx.doi.org/10.1136/bmjopen-2020-044319
https://dx.doi.org/10.1136/bmjopen-2020-044319
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group (7.7±5.7 vs 9.8±9.2, p<0.01). History of CAD was 
more frequent (750 (40.1%) vs 204 (28.5%), p<0.01) but 
previous MI was less frequent (96 (5.1%) vs 62 (8.7%), 
p<0.01) in the PS matched group. In- hospital all- cause 
mortality (43 (2.3%) vs 27 (3.8%), p<0.01) and bleeding 
(421 (22.5%) vs 199 (27.8%), p<0.01) were lower in the 
matched group than in the unmatched group.

In the overall cohort, the median follow- up period was 
660 days. Statin therapy was associated with significantly 
lower midterm all- cause mortality in the PS matched 
cohort (adjusted HR (aHR) 0.76, 95% CI 0.58 to 0.99, 
p=0.04) (figure 2A), which was consistent with the IPTW 
model (aHR 0.80, 95% CI 0.65 to 0.99, p=0.04). The 

Kaplan- Meier curves relative to the midterm outcomes 
additionally showed a significant difference in cardiovas-
cular mortality (aHR 0.64, 95% CI 0.42 to 0.97, p=0.04) 
and an insignificant difference in non- cardiovascular 
mortality (aHR 0.86, 95% CI 0.61 to 1.21, p=0.39) between 
the two groups (figure 2B,C). There was no significant 
difference in 30- day all- cause mortality (aHR 0.73, 95% CI 
0.47 to 1.08, p=0.11), and a landmark analysis after 30 
days showed a significant difference in midterm all- 
cause mortality (aHR 0.88, 95% CI 0.78 to 0.99, p=0.03) 
(figure 2D).

In the octogenarian cohort (80–89 years old), statin 
therapy was associated with significantly lower midterm 
all- cause mortality (aHR 0.87, 95% CI 0.75 to 0.99, p=0.04) 
(figure 3A), but the impact in the nonagenarian cohort 
(90 years or older) appeared to be lower (aHR 0.84, 
95% CI 0.62 to 1.13, p=0.25) (figure 3B). The p value for 
interaction was 0.90.

Furthermore, comparing the four groups according 
to previous CAD and statin therapy, there was a signifi-
cant difference in midterm all- cause mortality (p<0.01) 
(figure 4). Patients who did not receive statin therapy 
despite a history of CAD showed the worst prognosis 
(aHR 1.33, 95% CI 1.12 to 1.57; patients who received 
statin without previous CAD as a reference). Their 
survival curve diverged from that of the patients without 
previous CAD or statin after 1 year. In addition, patients 
with previous CAD and statin therapy (aHR 1.04, 95% CI 
0.87 to 1.23) seemed to obtain similar risks with those who 
did not have previous CAD or statin therapy (aHR 1.11, 
95% CI 0.96 to 1.27; patients who received statin without 
previous CAD as a reference).

The results of the univariate and multivariate Cox 
proportional hazards regression analyses are shown in 
table 3. Statin therapy at admission was independently 
associated with lower all- cause mortality (aHR 0.86, 
95% CI 0.77 to 0.95, p<0.01).

Figure 3 Kaplan- Meier curves for all- cause mortality in the octogenarian (A) and nonagenarian (B) cohorts.

Figure 4 Kaplan- Meier curve for all- cause mortality 
according to previous coronary artery disease (CAD) and 
statin therapy in the overall cohort.
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DISCUSSION
The present study investigated the impact of statin 
therapy on midterm mortality after TAVI using a Japa-
nese multicentre registry. Statin therapy at admission was 
associated with significantly lower all- cause and cardio-
vascular mortality. It should be noted that the impact of 
statin therapy attenuated in the nonagenarians. Further-
more, we demonstrated differences in all- cause mortality 
according to history of CAD and statin therapy. The 
present study included the largest patient cohort (936 
pairs of patients after PS matching) and is the first report 
to investigate the association of age and history of CAD 
with the impact of statin.

Few reports have assessed the impact of statin treatment 
on mortality after TAVI. Peri- Okonny et al7 demonstrated 
that statin therapy was associated with reductions in 
2- year all- cause (aHR 0.65, 95% CI 0.49 to 0.87, p=0.001), 
cardiovascular (aHR 0.66, 95% CI 0.46 to 0.96, p=0.030) 

and non- cardiovascular (aHR 0.64, 95% CI 0.44 to 0.99, 
p=0.045) mortality compared with no statin therapy, with 
a large cohort using PARTNER II and Sapien 3 clinical 
trials or associated registries (626 pairs of patients after 
PS matching). Merdler et al15 showed that high- intensity 
statin therapy was associated with a reduction in mortality 
after TAVI (median follow- up period: 2.5 years) using 
data of 1238 cases from a single- centre registry (aHR 
0.59, 95% CI 0.37 to 0.96, p=0.03). Huded et al16 also 
showed that high- intensity statin therapy was associated 
with a reduction in all- cause mortality (mean survival: 3.9 
years) based on 294 cases (aHR 0.36, 95% CI 0.14 to 0.90, 
p=0.029). Takagi et al17 reported similar results following 
a meta- analysis. These results were consistent with our 
results.

The mechanism through which statin therapy reduces 
the risks of all- cause and cardiovascular mortality is thought 
to be associated with a reduction in ischaemic events.7 15–17 

Table 3 Univariate and multivariate Cox proportional regression analyses of all- cause mortality in the overall cohort

Univariate analysis Multivariate analysis

HR (95% CI) P value Adjusted HR (95% CI) P value

Men 1.30 (1.18 to 1.42) <0.01 1.40 (1.25 to 1.57) <0.01

Age 1.01 (0.99 to 1.03) 0.13 0.99 (0.97 to 1.01) 0.31

Clinical Frailty Scale 1–3 0.77 (0.70 to 0.85) <0.01 0.81 (0.73 to 0.90) <0.01

NYHA class 3 or 4 1.33 (1.21 to 1.46) <0.01 1.18 (1.07 to 1.31) <0.01

Smoking 1.20 (1.08 to 1.33) <0.01 1.02 (0.90 to 1.15) 0.74

Diabetes mellitus 1.12 (1.00 to 1.24) 0.04 0.99 (0.89 to 1.11) 0.87

Hypertension 0.97 (0.88 to 1.09) 0.63 0.97 (0.86 to 1.08) 0.54

Previous myocardial infarction 1.32 (1.13 to 1.52) <0.01 1.14 (0.96 to 1.35) 0.14

Previous coronary artery bypass grafting 1.21 (1.02 to 1.40) 0.03 1.05 (0.88 to 1.24) 0.60

Peripheral artery disease 1.35 (1.21 to 1.50) <0.01 1.08 (0.95 to 1.22) 0.24

Previous stroke 1.14 (0.99 to 1.30) 0.06 1.04 (0.90 to 1.19) 0.62

Atrial fibrillation 1.19 (1.07 to 1.32) <0.01 1.00 (0.90 to 1.12) 0.98

STS risk score 1.04 (1.03 to 1.04) <0.01 1.02 (1.01 to 1.03) <0.01

eGFR, mL/min/1.73 m2 0.98 (0.98 to 0.99) <0.01 0.99 (0.99 to 1.00) <0.01

Haemoglobin, g/L 0.83 (0.78 to 0.88) <0.01 0.85 (0.80 to 0.91) <0.01

Medication at admission

Statin 0.84 (0.77 to 0.93) <0.01 0.86 (0.77 to 0.95) <0.01

Renin- angiotensin inhibitor 0.92 (0.84 to 1.01) 0.08 0.88 (0.80 to 0.97) 0.01

ß blocker 1.09 (0.99 to 1.20) 0.08 1.06 (0.96 to 1.16) 0.28

Preprocedural echocardiographic data

Aortic valve area, cm2/m2 1.29 (0.76 to 2.20) 0.35 1.23 (0.63 to 2.38) 0.54

Peak velocity, mm Hg 0.75 (0.67 to 0.85) <0.01 0.76 (0.66 to 0.88) <0.01

Ejection fraction, % 0.99 (0.98 to 0.99) 0.03 1.01 (1.00 to 1.02) 0.02

Pulmonary hypertension 1.50 (1.25 to 1.78) <0.01 1.27 (1.05 to 1.53) 0.01

Severe aortic regurgitation 0.56 (0.13 to 1.19) 0.16 0.57 (0.21 to 1.51) 0.26

Severe mitral regurgitation 1.34 (0.93 to 1.81) 0.11 0.99 (0.70 to 1.40) 0.96

Procedural variables

Transfemoral approach 0.81 (0.73 to 0.91) <0.01 0.87 (0.77 to 0.98) 0.03

Local anaesthesia 0.89 (0.79 to 1.01) 0.07 0.92 (0.81 to 1.05) 0.22

eGFR, estimated glomerular filtration rate; NYHA, New York Heart Association; STS, Society of Thoracic Surgeons.
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However, there are limited data relative to statin therapy 
in octogenarians and nonagenarians, as are data not 
only on TAVI but also on statin therapy as primary and 
secondary prevention. The PROspective Study of Pravas-
tatin in the Elderly at Risk trial was the only randomised 
controlled trial for elderly patients (aged 70–82 years) 
with history or risk factors of vascular disease. The study 
revealed that pravastatin led to a 3- year reduced risk of 
CAD.18 Recommendation of statin therapy for very elderly 
patients varies among the guidelines.19–23 Very recently, 
a few reports supporting statin therapy for very elderly 
patients have been published. In the Patient and Provider 
Assessment of Lipid Management Registry, statin therapy 
appeared to be similarly tolerated by patients older and 
younger than 75 years.24 The Cholesterol Treatment Trial-
ists’ Collaboration demonstrated that statin therapy as 
primary and secondary prevention produced significant 
reductions in major vascular events even in patients older 
than 75 years.25 Furthermore, Ramos et al26 revealed that 
statin therapy was associated with significant reductions 
in atherosclerotic cardiovascular events and all- cause 
mortality for patients who were older than 74 years and 
had diabetes. Interestingly, Giral et al27 demonstrated 
that statin discontinuation in 75- year- old primary preven-
tion patients was associated with a 33% increased risk of 
cardiovascular events. Our present study was consistent 
with these reports and indicated that statin therapy would 
be effective for very elderly and atherosclerotic high- risk 
patients by reducing cardiovascular events and mortality. 
Conversely, Ramos et al26 reported that the benefits of 
statin therapy disappeared in nonagenarians, as observed 
in our nonagenarian cohort. However, the p value for 
interaction among the octogenarian and nonagenarian 
cohorts in the present study was not significant. There 
seemed to be a difference among the two cohorts during 
12–24 months after TAVI but then the curves converged. 
The insignificance might be due to low life expectancy in 
nonagenarians after 24 months. Besides, the sizes of the 
cohorts and confounding regarding prescribing statin to 
nonagenarians with CAD might skew the results.

The statin effect generally appears after 1 year compared 
with placebo.7 28 Patients with a history of CAD who did not 
receive statin therapy appeared to have higher mortality 
rates after 1 year in the present study. In addition, our anal-
ysis combining history of CAD and statin therapy implied 
that TAVI patients with previous CAD might be able to 
achieve a similar reduction in mortality risk as those patients 
who had no previous CAD or statin treatment.

The present study had some limitations. First, this is 
an observational study, and unknown and unmeasurable 
factors may have confounded the relationship between statin 
therapy and mortality. However, a multicentre approach 
enabled us to accumulate a relatively large number of 
patients, and we used PS matching analysis, IPTW model 
and Cox proportional hazards regression model to confirm 
the robustness of the results. Second, a generalisation of the 
present results may be slightly limited due to the differences 
between the matched and unmatched group as it might 

be plausible given the results of the IPTW model. In addi-
tion, generalising our findings outside Japan also requires 
attention since this study included only Japanese patients. 
Third, information on the type and doses of statin therapy 
was not obtained. Use of ezetimibe or proprotein conver-
tase subtilisin/kexin type 9 inhibitor was not recorded in 
this study. Fourth, we assessed statin use only on admission 
and there was a possibility that statin therapy might have 
changed at discharge or during follow- up. The duration 
of statin administration and the timing to start prescribing 
statin were not captured in the present study. Finally, we 
could not assess intolerance in patients eligible for statin 
treatment but who could not continue treatment due to 
statin side effects such as rhabdomyolysis. Further studies, 
including a randomised controlled trial, on statin therapy 
following TAVI are warranted to resolve these limitations.

In conclusion, using data from a large multicentre 
registry, statin therapy at admission for TAVI was associ-
ated with significant reductions in midterm all- cause and 
cardiovascular mortality. Statin therapy prior to TAVI will 
be beneficial even in octogenarians, but the benefits may 
disappear in nonagenarians. In addition, statin therapy will 
be essential for TAVI patients with CAD. Further research is 
warranted to confirm and generalise our findings since the 
present study has several inherent limitations of an observa-
tional study and included only Japanese patients.
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