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ABSTRACT 
Objectives: The aim of this retrospective study was to evaluate the effects of bringing low-density lipoprotein 
cholesterol (LDL-C) values to levels in line with guideline recommendations on long-term mortality in patients 
with a known history of coronary artery disease (CAD), undergoing transcatheter aortic valve implantation 
(TAVI), and long-term pre-treatment with statins.  
Methods: This is a retrospective and observational study of patients undergoing TAVI at a tertiary heart center 
with a history of CAD and long-term statin therapy. Ninety-nine patients were included in the study. The rela-
tionship between LDL-C levels in accordance with the guidelines and 5-year mortality was determined by re-
gression analysis.  
Results: When the study population was divided into 2 groups with and without 5-year mortality, LDL-C 
values were found to be significantly higher in the mortality group (120 mg/dL vs. 93.9 mg/dL, p < 0.001). 
Parameters associated with the development of 5-year mortality were evaluated with univariate and multivariate 
logistic regression analysis. LDL-C ≥ 100 mg/dL (OR: 6.59, 95% CI: 2.17-20.01) and LDL-C ≥ 70 mg/dL 
(OR:3.88, 95% CI: 1.16-12.93) parameters were determined as independent predictors of mortality independent 
of other parameters.  
Conclusions: The most important result obtained in this study is that achieving the LDL-C level targets spec-
ified in the guidelines significantly reduces the in-hospital and 5-year mortality rates in patients with a previous 
history of CAD and statin use and undergoing TAVI. Although all patients included in the study used statins, 
the mortality rate was significantly higher in patients who did not reach the target LDL-C value.  
Keywords: Transcatheter aortic valve implantation, low-density lipoprotein cholesterol, statin, coronary artery 
disease 
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Severe aortic stenosis (AS) may result from rheu-
matic heart disease or, more commonly, from cal-

cification of the congenital bicuspid or three-leaf 

aortic valve [1]. The prevalence of AS increases with 
age, while it is around 0.2% at younger ages, it rises 
to 9.8% after the age of 80 [1]. AS is the most common 
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indication for surgical heart valve replacement in 
many countries. In patients who are not suitable for 
surgery, transcatheter aortic valve implantation (TAVI) 
is now an established and safe treatment option that 
continues to evolve [2, 3].  
      Despite its minimally invasive nature, TAVI is al-
ways associated with numerous complications that 
may affect outcomes in elderly patients. It is very im-
portant to identify patients likely to benefit from TAVI. 
Although procedural outcomes have improved signif-
icantly thanks to increased operator experience and 
progressive improvements in TAVI devices, to date 
there is no satisfactory TAVI risk score that can deter-
mine individual prognosis in patients undergoing 
TAVI (post-TAVI patients). Studies are continuing to 
develop new risk score systems specific to TAVI in 
order to predict and reduce complications. To date, the 
prognostic significance of various clinical and labora-
tory parameters such as chronic pulmonary obstructive 
disease, chronic kidney disease, frailty, pulmonary hy-
pertension, serum albumin levels, and red cell distri-
bution width (RDW) have been demonstrated in 
patients undergoing TAVI [4-6].  
      The coexistence of AS and coronary artery disease 
(CAD) is frequently observed [7]. The coexistence of 
these two diseases can be attributed to similar risk fac-
tors and pathophysiology of the diseases [8-10]. The 
prevalence of CAD in severe AS ranges from 30% to 
50% and increases with age [11, 12].  
      Statins are widely used for primary and secondary 
prevention of atherosclerotic cardiovascular diseases 
and coronary artery disease and have been shown to 
be associated with lower mortality rates. In addition 
to their lipid-lowering properties, statins have been 
shown to have pleotropic effects such as improving 
endothelial function and anti-inflammatory effects 
[13]. In a previous multicenter study, statin therapy 
was shown to reduce mortality in TAVI patients. It was 
found to be more effective on mortality, especially in 
patients with a history of coronary artery disease 
(CAD) and receiving treatment [14].  
      It has been shown in many previous randomized 
studies that mortality is reduced by lowering low-den-
sity lipoprotein cholesterol (LDL-C) values with statin 
therapy in patients with CAD [15]. In this retrospec-
tive study, we aimed to investigate the effect of bring-
ing LDL-C values to the recommended levels in the 
guidelines on long-term mortality in patients with a 

history of CAD who underwent TAVI for severe AS 
and long-term use of statins. 
 
 
METHODS 
 
Study Population  
This is a retrospective and observational study of pa-
tients undergoing TAVI at a tertiary heart center with 
a history of CAD and long-term statin therapy. All pa-
tients who met the criteria from January 2014 to Jan-
uary 2018 were consecutively included in the study.  
      The inclusion criteria used to enroll patients in the 
study are: (1) patients are between 20 and 90 years old, 
(2) having been on statin therapy for at least 6 months, 
(3) patients who underwent TAVI for severe aortic 
stenosis (4) patients who had undergone coronary ar-
tery bypass graft or percutaneous coronary interven-
tion for severe coronary lesion before TAVI.The 
exclusion criteria used in the study were: (1) evidence 
of acute or chronic infection, (2) systemic inflamma-
tory or autoimmune disease, (3) any history of liver 
disease (more than three times the upper limit of nor-
mal for liver function tests), (4) clinically any en-
docrine, hematological, or metabolic disease found to 
be significant, (5) malignancy, (6) missing clinical 
data for LDL-C values. 99 patients who met the cur-
rent criteria were included in the study. All patients 
had been on statin therapy for at least 6 months and 
had a known history of CAD. Clinical and laboratory 
data of all patients were obtained from the electronic 
database of our hospital. The patients were scanned 
from the hospital database and divided into two groups 
according to their 5-year mortality data (mortality [+] 
and mortality [-] groups). Demographic characteris-
tics, comorbidities, and laboratory characteristics of 
the patients were compared between those two groups. 
In addition, the procedural conditions of the patients 
were compared according to their LDL-C values 
(LDL-C < 100 mg/dL and LDL-C ≥ 100 mg/dL) (pre-
procedural, procedural, and procedural complications).  
      Informed consent was obtained for all cases prior 
to the TAVI procedure. The selection of patients with 
severe symptomatic AS was based on expected peri-
operative or short-term mortality estimated from the 
risk model of the European system for the cardiac op-
erative risk assessment II (euroSCORE II) algorithm. 
All patients were evaluated by the multidisciplinary 
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heart team before the TAVI operation. Patients with 
severe AS were considered eligible for TAVI after they 
were determined to be at high or very high risk for car-
diac surgery. Valve Academic Research Consortium 2 
(VARC-2) criteria were used to define procedural 
complications [16].  
 
Laboratory Analysis  
      In this study, blood samples showing hemoglobin 
values, white blood cell values, platelet values, and 
blood glucose levels were measured at admission in 
all patients included in the study. Low-density lipopro-
tein cholesterol levels were determined after 8 to 12 
hours of night fasting. eGFR was calculated according 
to the Modification of Diet in Renal Disease formula 
(eGFR [mL/min/1.73 m2] = 186 × [creatinine/88.4]-
1.154 × [age]- 0.203 × [0.742 female, 1.210 black]) 
[17]. 
 
Definitions  
      The term in-hospital mortality was used for deaths 
occurring after the procedure until the patients were 
discharged. The hospital's electronic database was 
used for 5-year mortality data. In our study, the defi-
nition of CAD included patients who had undergone 
previous percutaneous coronary intervention or coro-
nary artery bypass grafting due to severe and is-
chemia-causing coronary artery disease. Fasting blood 
glucose monitoring meeting the criteria of the Ameri-
can Diabetes Association or using oral antidiabetic or 
insulin were accepted as diagnostic criteria for dia-
betes mellitus [18]. In the definition of stroke, tran-
sient ischemic attack (TIA) was defined if symptoms 
included neurologic deficit for < 24 hours. If neuro-
logical symptoms lasting longer than 24 hours were 
present, it was considered a stroke.  
 
Ethics Committee Approval  
      All the procedures in this study including human 
participants were applied in compliance with the eth-
ical standards of the institutional research committee 
and the 1964 Helsinki Declaration and subsequent re-
visions or comparable ethical standards. No animals 
were used in this study. Approval for the study was 
granted by the Local Ethics Committee (Bursa Yüksek 
İhtisas Training and Research Clinical Research Ethics 
Committee, Decision no = 2011-KAEK-25 2022/11-
15, Date = 02.11.2022).  

Statistical Analysis  
      Statistical analysis of the data in this study was 
performed with the Statistical Package for the Social 
Sciences (SPSS) version 24.0 software program (IBM 
Corp., Armonk, NY, USA). Continuous variables were 
given as mean ± standard deviation (if normal distri-
bution) and medians (interquartile ranges (IQR)) (if 
not normal distribution). Whether the distribution of 
continuous variables was close to normal was investi-
gated with the Kolmogorov Smirnov test and the ho-
mogeneity of the variances was investigated with the 
Levene test. Analysis of baseline characteristics ac-
cording to survival status was compared with Stu-
dent’s t-test or Mann-Whitney U tests. Categorical 
variables were analyzed with Pearson's Chi-Square 
test. Descriptive statistics were shown as median and 
interquartile range for continuous variables, and num-
ber of cases and (%) for categorical variables. Param-
eters that may have an effect on 5-year mortality were 
investigated by binary logistic regression analysis. As 
a result of univariate statistical analyses, the combined 
effects of risk factors (diabetes, contrast material 
amount, LDL-C level, LDL-C ≥ 70 mm/dL, and LDL-
C ≥ 100 mg/dL) on mortality were evaluated. Three 
different models were created in which multivariate 
regression analysis was analyzed by adding the LDL-
C parameter to the diabetes parameter as a continuous 
and nominal variable. As nominal variables, cut-off 
values were defined for the recommended values of 
70 and 100 mg/dL in the guidelines. These models 
were evaluated separately by multivariate regression 
analysis. The odds ratio and 95% confidence intervals 
for each variable were calculated. For p < 0.05, the re-
sults were considered statistically significant. 
 
 
RESULTS 
 
A total of 99 patients with a previous history of CAD, 
using statins, and undergoing TAVI were included in 
the study (Median [IQR] age, 78.1 [74-84] years; 47 
patients [47.5%] female). The mean follow-up period 
of the patients was 49.9 ± 20.1 months. In-hospital 
mortality was observed in 5 of the patients (5.1%) dur-
ing the follow-up period. In the follow-up of the re-
maining 94 patients, mortality was detected in 11 
patients (11.7%) after 2 years. In total, mortality was 
detected in 25 patients during the 5-year follow-up. 
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The median LDL-C values of the patient population 
were calculated as 100.5 mg/dL (67-124).  
      When the causes of death of the patients were ex-
amined, 2 of those who developed in-hospital mortal-
ity were due to in-hospital pneumonia. Out of 25 
deaths in total, 1 patient died due to malignancy and 2 
patients died due to cerebrovascular events. Of the 

deaths that occurred, the remaining 20 patients died 
from cardiovascular events (80%).  
      Demographic, clinical, and laboratory character-
istics of patients with and without mortality in the 5-
year follow-up were compared in Table 1. When 
comorbidities were compared between the 2 groups, 
the rate of diabetes was found to be significantly lower 

1235               The European Research Journal   Volume 9   Issue 5   September 2023

!"#$%&'(&)"*+,&,-".",/%.+*/+,*&"01&$"#2."/2.3&+04%*/+5"/+20*&26&!789&:"/+%0/*&#3&;<3%".&=2./"$+/3&
*/"/>*!
! !""#$%&'()&*#

+)#,#--.#
/#0(%1*#231&%"'&0##

+4.#
+)#,#56.!

/#0(%1*#231&%"'&0#
+7.#

+)#,#8/.!

"#9%":(!

;(23<1%$='>#?(%&:1(*!
"#$!%&$'()*! +,-.!%+/0,/*! ++-1!%+20,2*! ,345!%+60,/*! 3-36/!

7'8$!#$9:$(4!9!%;*! <1!%<1-<*! 26!%/,-6*! .6!%6/*! 3-.,/!

=7>! 16-/!%1/-201,-.*! 1641!%1/4/01+*! 16-5!%1/-1015-.*! 3-11/!

?@88@A0BC4!D@9EF)!! /5-5!%<1061*! 63-6!%63061*! .,-2!%2015*! @#ABAAC!
D3231E'F'&'(*#
G&C$(E$9)H@94!9!%;*! ,/!%,/-,*! 6.!%,1-/*! 12!%51*! 3-1/5!

IH'J$E$)!D$88HEB)4!9!%;*! /<!%/<-<*! 25!%<1-+*! 6!%1/*! ABACG#
KLMI4!9!%;*! .6!%.6-1*! .3!%.2-<*! 6!%1/*! 3-1.,!

KN?!FH)E@(&4!9!%;*! 16!%16-2*! 13!%1+*! 6!%1/*! 3-+66!

G$'(E!O'H8B($4!9!%;*! 2.!%2.-2*! 11!%15-+*! 5!%26*! 3-<<5!

KP"!FH)E@(&4!9!%;*! ,!%,-.*! 6!%,-.*! 1!%,*! 3-5,6!

H(F'>%&'3)*#
"Q$E&8)'8HQ&8HQ!'QH:4!9!%;*! <5!%<5-6*! /+!%62-<*! .1!%/,*! 3-.+1!

=$E'!J8@Q$()4!9!%;*! +3!%+3-+*! <1!%+3-2*! .,!%+1*! 3-,65!

N"R!J8@QS$()4!9!%;*! <5!%<5-6*! /<!%63-,*! ./!%<6*! 3-6+1!

IHB($EHQ4!9!%;*! /3!%/3-/*! 2.!%/.-5*! 5!%26*! 3-63/!

I%E31%&310#J%":(*! ! ! ! !

G$D@#8@JH9!%#T:U*! ..-<!%.3-/0.1-+*! ..-<!%.3-/0.1-<*! ..-/!%.3-20.1-,*! 3-<11!

V=K!%W.3!TDU*! ,-26!%6-105-2*! ,-</!%6-205-<*! +-,/!%60,-2*! 3-1,,!

K($'EH9H9$4!D#T:U! .-16!%3-,50.-/*! .-1.!%3-,<0.-/2*! .-25!%3-510.-2<*! 3-,65!

$X?N!%D8TDH9T.-+2!D"*! <+-5,!%/1-10+/-2*! <,42,!%/1-50+/-2*! <6-,!%/1-106,-+*! 3-,2.!

KNM!%D#TU*! /-5,!%.-60<-+*! /-56!%.-60<*! <-31!%.-,06-,*! 3-6/6!

UIU0K!%D#T:U*! .33-<!%6+0.1/*! 52-5!%660..2*! .13!%..30.15*! @#ABAAC#
UIU0K!Y!+3!DDT:U! 66!%66-+*! /<!%63-,*! 1.!%,/*! ABAGG#
UIU0K!Y!.33!D#T:U! /+!%/+-<*! 1+!%26-<*! 13!%,3*! @#ABAAC#
!"#$%#&"&'()*+%*,-.'(*+.(/+.'.#$.0(*'(1.*#(2(34("+(1.0%*#(56789:(*#0(#"1%#*-()*+%*,-.'(;.+.(/+.'.#$.0(*'(<+.=&.#>?(5@9A(

BC6(D(,"0?(1*''(%#0.E:(!FG4(D(>H+"#%>(",'$+&>$%).(/&-1"#*+?(0%'.*'.:(!8I(D(>H+"#%>(+.#*-(<*%-&+.:(!JK(D(>.+.,+")*'>&-*+(

*>>%0.#$:(.LI8(D(.'$%1*$.0(M-"1.+&-*+(<%-$+*$%"#(+*$.N(O4OP!(D(-";P0.#'%$?(-%/"/+"$.%#(>H"-.'$.+"-:(8K3(D(+.#%#P*#M%"$.#'%#(

'?'$.1#
&



Eur Res J 2023;9(5):1232-1239 Demir and Levent

in the group with 5-year mortality (p = 0.013). There 
was no significant difference between the 2 groups in 
terms of demographic characteristics, other comor-
bidities, and drugs used. LDL-C cholesterol values 
were found to be significantly higher in the mortality 
group (120 mg/dL vs. 93.9 mg/dL, p < 0.001). No sig-
nificant difference was observed between other labo-
ratory parameters. When the groups were compared in 
terms of duration of statin use, it was found that there 
was no significant difference between the duration of 
use in the 2 groups (p = 0.123).  
      In Table 2, the patients were divided into 2 groups 
with LDL-C values ≥ 100 mg/dL and < 100 mg/dL, 
and the preprocedural and procedural characteristics 
of the patients and their post-procedural complication 
status were compared. The amount of contrast material 
used during the procedure was found to be signifi-
cantly higher in the group with LDL-C < 100 mg/dL 
(p = 0.024). There was no significant difference be-
tween other preprocedural and procedural character-

istics. When the groups were compared in terms of 
complication development, in-hospital mortality (p = 
0.021) and 5-year mortality rates (p < 0.001) were 
found to be significantly higher in the group with 
LDL-C ≥ 100 mg/dL. There was no significant differ-
ence between the groups in terms of other complica-
tions. In addition, when the groups were classified as 
LDL-C < 70 mg/dL and ≥ 70 mg/dL, 5-year mortality 
was found to be significantly lower in the group with 
LDL-C < 70 mg/dL (p = 0.033).  
      Parameters associated with the development of 5-
year mortality were evaluated with univariate and mul-
tivariate logistic regression analysis. Multivariate 
analysis was performed in the form of 3 different mod-
els in which the LDL-C parameter was analyzed as a 
continuous and nominal variable for the diabetes pres-
ence parameter, which was determined to be signifi-
cant by univariate analysis. Both the LDL-C ≥ 100 
mg/dL predictive value (OR:6.59, 95% CI: 2.17-
20.01) and the LDL-C ≥ 70 mg/dL predictive value 
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(OR:3.88, 95% CI: 1.16-12.93) were found to be in-
dependent predictors of 5-year mortality in multivari-
ate analyses. When LDL-C values were evaluated in 
the multivariate analysis without determining the 
lower limit, LDL-C elevation was found to be an in-
dependent predictor of 5-year mortality (OR:1.01, 
95% CI:1.00-1.02). In addition, when multivariate 
analysis was performed for the presence of diabetes, 
it was observed that the significance remained inde-
pendent of other parameters (OR: 0.31, 95% CI: 0.10-
0.94). 
 
 
DISCUSSION 
 
The most important result of our study is that reaching 
the LDL-C targets specified in the guidelines signifi-
cantly reduces the risk of in-hospital and 5-year mor-
tality in patients with a previous diagnosis of CAD, 
long-term use of statins, and undergoing TAVI. We 
found that reaching the LDL-C < 100 mg/dL targets 
significantly reduced the 5-year mortality rates, even 
after adjusting for confounding factors. To the best of 
our knowledge, our study is the first in the literature 
to show that there is a significant relationship between 
reaching the target LDL-C levels specified in the 
guideline and the 5-year mortality rate in patients with 
a diagnosis of CAD and undergoing TAVI.  
      Some previous studies have evaluated the effect 
of statin therapy on mortality after TAVI. Peri-Okonny 
et al. [19], using the PARTNER II and Sapien 3 clini-
cal trials or associated registries, showed that those re-

ceiving statin therapy were associated with a reduction 
in 2-year all-cause, cardiovascular and non-cardiovas-
cular mortality compared with those not receiving 
statin therapy. Merdler et al. [20] showed that high-
intensity statin therapy is associated with a reduction 
in mortality after TAVI, using data from 1238 cases 
from a single-center registry. Huded et al. [21] also 
showed that high-intensity statin therapy was associ-
ated with a reduction in all-cause mortality based on 
294 cases.  
      The underlying mechanism of statin therapy's re-
duction in all-cause and cardiovascular mortality risks 
is thought to be related to the reduction in ischemic 
events. [19-22]. In this study, we investigated the re-
lationship between the effect of statin therapy, which 
has been shown to reduce mortality in previous stud-
ies, and LDL-C levels. The entire patient population 
was patients on long-term statin therapy. When we 
compared the patients according to the LDL-C levels 
recommended in the international guidelines, we 
found that mortality was significantly lower in patients 
who remained below the recommended LDL-C levels. 
In our study, it was observed that the 5-year mortality 
rate was significantly lower in patients (< 70 mg/dL) 
who met the LDL targets recommended for high-risk 
patients in the latest ESC guideline [23] (p = 0.033). 
In addition, in-hospital (p = 0.021) and 5-year mortal-
ity (p < 0.001) were found to be significantly lower in 
patients (< 100 mg/dL) who achieved the LDL targets 
recommended for intermediate-risk patients. Thus, in 
this study, we showed that it is necessary to closely 
monitor the LDL-C value in order to reduce mortality 
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in patients using statins, and the importance of reduc-
ing the LDL-C value to the values recommended in 
the guidelines.  
      When subgroup analyzes were performed in our 
study, in-hospital mortality was observed in 5 patients. 
When considering the 2-year mortality rate, mortality 
was observed in 16 patients (16.2%) at 2-year follow-
up. When the causes of mortality of the patients were 
examined, it was observed that mortality developed 
from cardiovascular causes in 20 patients (%80).  
      In our study, mortality rates were found to be 
lower in patients with diabetes (p = 0.013). When we 
look at the literature on this subject, it was found that 
previous studies had similar results to ours. In a study 
by Van Nieuwkerk et al. [24], patients with diabetes 
who underwent TAVI had lower mortality rates than 
those without diabetes. They attributed this to the ear-
lier development of aortic stenosis in patients with di-
abetes and to the application of TAVI at an earlier age. 
The findings of our study were found to be consistent 
with the literature. In addition, the follow-up period 
was found to be significantly lower in the group with 
5-year mortality (p < 0.001). It is an expected result 
that the follow-up times are short since the patients 
with mortality are left to be followed up due to the 
mortality observed over time.  
      Together with these results, the effect of lowering 
LDL-C levels to the recommended levels in the guide-
lines on mortality in patients with CAD diagnosis, 
TAVI procedure, and chronic statin use has been 
demonstrated. It has been shown that lowering LDL-
C levels to the levels recommended in the guidelines 
significantly reduces mortality. However, due to the 
design of our current study, prospective studies with a 
higher number of patients are needed to confirm our 
findings and study results. 
 
Limitations  
      Our study had some limitations. First, the study 
had a retrospective and observational design, which 
could be accepted as the major limitation of the study. 
Second, this study had a small sample size. Third, the 
mortality data of the patients in our study were limited. 
We could not obtain detailed data on the causes of 
mortality. Finally, our findings warrant prospective 
and multicenter studies with larger sample sizes to elu-
cidate the association between LDL-C levels and long-
term mortality following TAVI in AS patients with CAD. 

CONCLUSION 
 
The most important result obtained in this study is that 
achieving the LDL-C level targets specified in the 
guidelines significantly reduces the in-hospital and 5-
year mortality rates in patients with a previous history 
of CAD and statin use and undergoing TAVI. Although 
all patients included in the study used statins, the mor-
tality rate was significantly higher in patients who did 
not reach the target LDL-C value. We found that 
achieving the LDL-C < 100 mg/dL targets signifi-
cantly reduced the risk of in-hospital and 5-year mor-
tality, even after adjusting for influencing factors. With 
these results, we showed that it is not enough to only 
give statin therapy to patients and that it is important 
to reach the guideline targets in LDL-C values in pa-
tient follow-ups. 
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