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Background: The joint association of atrial fibrillation (AF) and statin therapy with adverse outcomes in heart failure (HF) patients
with cardiac resynchronization therapy (CRT) has not been fully investigated so far. The purpose of this study was to explore the
independent and joint association of AF and statin therapy with adverse outcomes.

Methods: Study patients were divided into four groups according to AF status and statin use: Non-AF/Statin, Non-AF/Non-Statin,
AF/Statin, and AF/Non-Statin. Multivariate Cox proportional hazards regression models were used to evaluate the independent and
joint association of AF and statin therapy with poor prognosis.

Results: Among 685 CRT patients, there were 180 deaths (26.5%) and 198 HF hospitalization (29.6%) during the 14 years of follow-
up. AF was associated with a 46% increased risk of all-cause mortality (HR, 1.46; 95% CI, 1.03-2.07) and a 59% increased risk of HF
hospitalization (HR, 1.59; 95% CI, 1.16-2.20) than those without AF. However, statin therapy failed to improve the prognosis. In the
joint analysis, compared with the Non-AF/Statin group, the AF/Non-Statin group suffered a higher risk of all-cause mortality (HR,
1.75; 95% CI, 1.04-2.93) and HF hospitalization (HR, 1.76; 95% CI, 1.08-2.86). Furthermore, adding AF to the traditional risk factor
model significantly improved the predictive value for death (C-statistic from 0.654 to 0.691) and HF (C-statistic from 0.613 to 0.675).
Conclusion: AF was associated with poor prognosis, and statin use failed to improve the prognosis. Further analysis showed that
statin therapy is ineffective in improving prognosis and fails to attenuate the adverse effects of AF.
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Introduction
Cardiac resynchronization therapy (CRT) is an effective treatment for patients with heart failure (HF),' with 135-400 patients
per million people per year worldwide being suitable candidates for CRT.>* However, there are significant differences in the
prognosis of patients treated with CRT,* and approximately 30% of patients fail to achieve benefit from CRT, and these
patients are referred to as CRT non-responders.” In particular, atrial fibrillation (AF) is a leading cause of poor prognosis for
CRT patients, as episodes of AF result in a significant reduction in the percentage of biventricular pacing (BVP).®

Statins have been shown to have rapid anti-inflammatory and antioxidant effects that have important implications for
the prognosis of cardiac patients.” Established evidence suggests that patients undergoing cardiac surgery benefit from
perioperative statin therapy in reducing the risk of all-cause mortality, stroke, and AF.*'* In addition, several studies
have reported that statin use was associated with reduced mortality in patients with implantable cardioverter-defibrillator
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Graphical Abstract
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(ICD) and a reduced risk of fatal ventricular tachycardia in patients with CRT."""'* However, a recent study found that
statin use was associated with poorer survival in patients with CRT.'® Therefore, the evidence on the impact of statin use
in CRT patients is limited and inconsistent. Of note, patients with AF may be more likely to use statins than those free of
AF due to AF-related comorbidities, including coronary artery disease (CAD), stroke, and hyperlipidemia.'*'> Moreover,
statin therapy is associated with a reduced risk of all-cause mortality in patients with AF.'® From this perspective,
a critical hypothesis is generated that whether AF-free status combined with statin therapy can further improve the
prognosis of CRT patients. However, epidemiological evidence remains scarce on the joint association of AF status and
statin therapy with prognosis in patients with CRT.

This study was designed to investigate the independent and joint association of AF status and statin therapy with
adverse outcomes in HF patients with CRT. The knowledge generated may contribute to improving the prognosis of HF
patients with CRT.

Methods
Study Design and Population

This study is a single-center, retrospective, observational cohort study. A total of 686 patients with HF who underwent CRT
implantation at the Arrhythmia Center of Fuwai Hospital between March 2007 and March 2019 were consecutively enrolled
in this study. All patients involved in the study signed an informed consent form. The procedure of CRT implantation has
been described in detail previously.'” The inclusion and exclusion criteria for the study are shown in detail in Table S1. The
Ethics Committee approved this study of Fuwai Hospital, Chinese Academy of Medical Sciences (IRB2012-BG-006). The
study was conducted in accordance with the Declaration of Helsinki'® and followed the guidelines for reporting cohort
studies of the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE). After excluding the sample
with missing AF data, a total of 685 patients were entered into the final analysis, as illustrated in Figure 1.
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Figure | Flowchart of the study population.
Abbreviations: CRT, cardiac resynchronization therapy; AF, atrial fibrillation.

Data Collection and Measurements

Baseline characteristics of study patients were extracted through the hospital’s electronic medical system. The covariates
in this study included demographic information, disease history, medication history, cardiac function parameters, and
laboratory tests and imaging examinations. Disease history included AF, ischemic cardiomyopathy (CMP), left bundle
branch block (LBBB), CAD, stroke, hypertension, diabetes, hyperlipidemia, and ventricular tachycardia/ventricular
fibrillation (VT/VF). Medication history includes the presence of inpatient medications and post-discharge medications,
consisting of statin, B-blocker, diuretics, amiodarone, angiotensin-converting enzyme inhibitor/angiotensin receptor
blocker (ACEI/ARB), anticoagulants, and antiplatelet. NYHA cardiac function classification is determined by the
clinician based on the patient’s symptoms, medical history, and clinical tests and examinations of cardiac structure and
function. Left ventricular ejection fraction (LVEF) and left ventricular end-diastolic diameter (LVEDD) were measured
by echocardiography. Data entry was performed using a double-blind entry method.

Definition of AF and Statin Therapy
Information on AF and statin therapy was obtained from the electronic case system of Fuwai Hospital. The diagnosis of AF
was mainly based on electrocardiogram (ECG) performance. In standard 12-lead ECG or single-lead ECG without
discernible repeating sinus P-wave, traced to f-wave and irregular RR interval, the above ECG lasts more than 30s, then
the diagnosis of AF was confirmed."® Pre-existing AF was obtained based on previous hospital records or ECG reports. The
clinician derived the diagnosis of new-onset AF based on the interpretation of the ECG report during the hospitalization.
The data on statin therapy was derived from electronic medical records during hospitalization. Statins are mainly used
for the treatment of CAD, stroke, and hyperlipidemia, as recommended by clinical guidelines.?® The statins in the study

included atorvastatin, rosuvastatin, simvastatin, pravastatin, and pitavastatin.

Study Outcomes and Follow-Up

The study outcomes were all-cause death and HF hospitalization. The follow-up deadline was January 2021. Follow-up
for study outcomes was from CRT implantation until the date of first HF rehospitalization or death. Information on study
outcomes was collected through hospital outpatient records and medical telephone calls.
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Statistical Analysis

Baseline characteristics were divided into four groups according to AF status and statin use, with continuous variables presented as
mean + standard deviation (SD) and categorical variables presented as percentages. For continuous variables, p-values for group
comparisons were derived from the analysis of variance (ANOVA), and the chi-square test was used to compare the categorical
variables. Hazard ratios (HR) and 95% confidence intervals (CI) for the association of AF status and statin use with all-cause
mortality and HF hospitalization were estimated using multivariate Cox proportional hazards regression models, respectively.
Adjusted variables in multivariate Cox proportional hazards regression models were based on clinical relevance or univariate
association with outcomes, and further screening was performed to determine the final regression model based on the number of
available events.?! In the joint analysis, participants were classified into four groups based on AF status and statin use, and
multivariate Cox proportional hazards regression models were used to assess the association of the combined variables with all-
cause mortality and HF hospitalization. The C-statistics, integrated discrimination improvement (IDI), and net reclassification
improvement (NRI) were used to reveal the incremental predictive value of AF and statin therapy for study outcomes.” All
analyses were performed with R statistical software version 4.0.2 and a two-sided P<0.05 was statistically significant.

Results

Baseline Characteristics

A total of 685 patients with CRT implantation were included in the study. In Table 1, Baseline characteristics were
divided into four groups according to AF status and statin use: Non-AF/Statin, Non-AF/Non-Statin, AF/Statin, and AF/
Non-Statin groups. Patients in the AF/Non-Statin group tended to be younger, have lower rates of smoking, ischemic
CMP, LBBB, CAD, hypertension, diabetes, hyperlipidemia, BVP percentage, LVEF <35%, and antiplatelet drug use; and
higher rates of VT/VF, amiodarone and anticoagulant use, as well as higher values of NT-proBNP than other groups. In
this CRT cohort, patients without AF shared a greater proportion (nearly 80%). The proportion of patients in the Non-AF
/Statin group was 34.6%, and 44.5% in the Non-AF/Non-Statin group. In contrast, the proportion of patients in the AF/
Statin group was only 9.9%, and the proportion in AF/Non-Statin was 10.9% (Figure 2).

Independent Association of AF Status, Statin Use and Prognosis

During the 14-year follow-up, 180 (26.5%) CRT patients experienced death, and 198 (29.6%) CRT patients experienced
HF hospitalization. CRT patients with a history of AF had a higher incidence of all-cause mortality (25.2% vs 31.7%)
and HF hospitalization (27.3% vs 38.3%). In Table 2, after adjusting for potential confounders, CRT patients with
a history of AF were associated with a 46% increased risk of all-cause mortality (HR, 1.46; 95% CI, 1.03-2.07) and
a 59% increased risk of HF hospitalization (HR, 1.59; 95% CI, 1.16-2.20). Meanwhile, CRT patients in the Statin group
had a lower incidence of all-cause mortality (28.5% vs 24.0%) and HF hospitalization (31.6% vs 27.2%). Although CRT
patients on statin use had lower incidences of all-cause mortality and HF hospitalization, no significant reduction in the
risk of death and HF hospitalization was observed in the Statin group.

Joint Association of AF Status and Statin Use with Prognosis

In the joint analysis, CRT patients in the Non-AF/Statin group were at the lowest risk of all-cause mortality and HF
hospitalization (Figure 3). With the Non-AF/Statin group as a reference, the Non-AF/Non-Statin, AF/Statin, and AF/
Non-Statin groups had a significantly higher incidence of all-cause mortality and HF hospitalization (Table 3). In
particular, as compared with the Non-AF/Statin group, the AF/Statin group was associated with a significantly higher
risk of all-cause mortality (HR, 1.64; 95% CI, 1.02-2.72) and HF hospitalization (HR, 1.97; 95% CI, 1.23-3.14).
Similarly, the AF/Non-Statin group suffered a higher risk of all-cause mortality (HR, 1.75; 95% CI, 1.04-2.93) and HF
hospitalization (HR, 1.76; 95% CI, 1.08-2.86).

Incremental Predictive Value of AF and Statin
With the addition of AF to the conventional model (Table 4), the new model yielded a significant improvement in
predictive accuracy for all-cause mortality (C-statistic from 0.654 to 0.691, P<0.001) and HF hospitalization (C-statistic
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Table | Baseline Characteristics of the Total Population and Stratified by AF Status and Statin Use

Characteristic Total Non-AF/Statin Non-AF/Non-Statin | AF/Statin AF/Non-Statin P-value
(N=685) (N=237) (N=305) (N=68) (N=75)

Age, years 59.1 £ 115 62.6 +9.8 559+ 115 65.2 + 8.7 55.6 + 134 <0.001
Sex, n (%) 0.035

Male 467 (68.1) 168 (70.9) 191 (62.6) 53 (77.9) 54 (72.0)

Female 219 (31.9) 69 (29.1) 114 (37.4) 15 (22.1) 21 (28.0)
BMI, kg/m2 245 + 4.1 249 + 3.9 243 + 46 25.0 + 34 238 +33 0.181
Current smoker, n (%) 299 (43.6) 121 (51.1) 115 (37.8) 38 (55.9) 24 (32.0) <0.001
Current drinker, n (%) 264 (38.5) 101 (42.6) 112 (36.8) 24 (35.3) 26 (34.7) 0.422
NYHA class, n (%) 0.302

- 191 (28.6) 66 (28.4) 90 (30.2) 22 (33.8) 12 (16.9)

11l 389 (58.3) 138 (59.5) 167 (56.0) 37 (56.9) 47 (66.2)

v 87 (13.0) 28 (12.1) 41 (13.8) 6(9.2) 12 (16.9)
AF, n (%) 143 (20.9) 0 (0.0) 0 (0.0) 68 (100.0) 75 (100.0) <0.001
Ischemic CMP, n (%) 84 (12.2) 56 (23.6) 10 (3.3) 17 (25.0) 1 (1.3) <0.001
LBBB, n (%) 501 (73.7) 194 (81.9) 231 (76.5) 39 (57.4) 37 (50.7) <0.001
CAD, n (%) 192 (28.2) 129 (54.4) 27 (8.9) 32 (47.1) 4 (5.4) <0.001
Stroke, n (%) 54 (7.9) 25 (10.5) 8 (2.6) 13 (19.1) 8 (10.8) <0.001
Hypertension, n (%) 245 (36.0) 111 (46.8) 87 (28.8) 29 (42.6) 18 (24.3) <0.001
Diabetes, n (%) 169 (24.8) 88 (37.1) 46 (15.2) 23 (33.8) 12 (16.2) <0.001
Hyperlipidemia, n (%) 264 (38.8) 156 (65.8) 60 (19.9) 40 (58.8) 8 (10.8) <0.001
VT/VE n (%) 183 (26.7) 48 (20.3) 78 (25.6) 24 (35.3) 33 (44.0) <0.001
Statin, n (%) 305 (44.5) 237 (100.0) 0 (0.0) 68 (100.0) 0 (0.0 <0.001
B-blocker, n (%) 605 (88.2) 207 (87.3) 273 (89.5) 60 (88.2) 64 (85.3) 0.739
Diuretics, n (%) 628 (91.5) 216 (91.1) 279 (91.5) 66 (97.1) 67 (89.3) 0.358
Amiodarone, n (%) 119 (17.3) 28 (11.8) 49 (l6.1) 21 (30.9) 21 (28.0) <0.001
ACEI/ARB, n (%) 564 (82.2) 195 (82.3) 256 (83.9) 57 (83.8) 55 (73.3) 0.189
Anticoagulants, n (%) 53 (7.7) 52.1) 9 (3.0) 15 (22.1) 24 (32.0) <0.001
Antiplatelet, n (%) 172 (25.1) 100 (42.2) 37 (12.1) 23 (33.8) 12 (16.0) <0.001
BVP percentage, % 96.9 + 10.6 97.8 + 6.1 97.1 £ 11.0 949 + 15.0 94.8 £ 145 <0.001
LVEF, % 304 + 8.1 29975 30.0 + 8.1 33.0+87 3.1 +84 0.021

< 35%, n (%) 541 (78.9) 199 (84.0) 242 (79.3) 47 (69.1) 52 (69.3) 0.009
QRS, ms 164.2 + 23.8 164.6 + 21.6 166.4 £ 22.8 154.8 + 285 162.5 £ 27.9 0.06

2 |50ms, n (%) 510 (76.1) 179 (76.5) 234 (78.5) 43 (66.2) 54 (74.0) 0.195
LVEDD, mm 69.8 £ 9.9 689 £ 8.9 713+ 103 68.6 9.2 67.0 = 10.1 0.001
NT-proBNP, pg/mL 2119.1 + 2400.8 19104 + 2622.9 2149.4 + 22347 2019.2 £ 1599.0 | 2745.8 £ 2813.6 <0.001
eGFR, mL/min/1.73 m2 | 98.7 £ 45.2 96.6 £ 42.0 949 + 432 109.5 + 54.2 110.8 + 50.9 0.009

Abbreviations: BMI, body mass index; NYHA, New York Heart Association; AF, atrial fibrillation; CMP, cardiomyopathy; LBBB, left bundle branch block; CAD, coronary
artery disease; VT/VF, ventricular tachycardia/ventricular fibrillation; ACEI/ARB, angiotensin converting enzyme inhibitor/angiotensin receptor blocker; BVP, biventricular
pacing; LVEF, left ventricular ejection fraction; LVEDD, left ventricular end-diastolic diameter; NT-proBNP, N-terminal prohormone of brain natriuretic peptide; eGFR,
estimated glomerular filtration rate.

from 0.613 to 0.675, P<0.001), but not significantly improve with the addition of statin. Moreover, the new model with
the addition of AF had a significantly improved predictive power for all-cause mortality compared to the conventional
model, with an IDI was 0.044 and NRI was 0.191 (P<0.05). Similarly, the predictive power of the new model for HF
hospitalization was improved considerably, with an IDI was 0.048 and NRI was 0.181 (P<0.05).

Discussion

To our knowledge, this is the first study to investigate the independent and joint associations of AF status and statin
therapy with adverse outcomes of HF patients with CRT. Among these patients, more than 20% reported a history of AF,
and nearly half received statin therapy, with more than one-third of CRT patients in the Non-AF/Statin group. During as
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Figure 2 Joint prevalence of atrial fibrillation and statin use among patients with cardiac resynchronization therapy, 2007 to 2019.

many as 14 years of follow-up, AF was associated with an increased risk of all-cause mortality and HF hospitalization.
However, this study failed to observe the effect of statin use on the prognosis. In the joint analysis, the combination of
AF-free status and statin therapy had the lowest incidence of all-cause mortality and HF hospitalization. Further analysis
showed that adding AF to the conventional risk factor model significantly improved the predictive value of the prognosis
of patients with CRT.

The prevalence of AF in CRT patients is approximately 25%,> and the presence of AF has an important impact on
the prognosis of CRT patients.® Previous studies frequently investigated AF status, with little consideration of its joint
relationship with statin use. Wilton et al® conducted a meta-analysis and found that AF was associated with a 32%
increased risk of CRT non-response (relative risk [RR], 1.32; 95% CI, 1.12—1.55); and a 50% increased risk of all-cause
mortality (RR, 1.50; 95% CI, 1.08-2.09). The APAF-CRT study suggested that CRT combined with atrioventricular node
ablation significantly improved CRT response rates and survival benefits in HF patients with AF than pharmacotherapy.**
The above findings support that AF status adversely affects the prognosis of CRT patients and that CRT patients can
derive a substantial clinical benefit from controlling the AF rhythm. Consistent with previous studies, our findings

Table 2 Association of AF Status and Statin Use with All-Cause Mortality and HF Hospitalization

Study Outcome Events (%) | Hazard Ratio (95% CI), P value

Model 12 Model 2° Model 3¢

All-cause mortality

AF status

Non-AF 135 (25.2) | [Reference] | [Reference] | [Reference]

AF 45 (31.7) 1.58 (1.13,2.22) | 0.008 | 1.59 (I.13,2.23) | 0.008 | 1.46 (1.03,2.07) | 0.033
Statin use

Non-Statin 107 (28.5) | [Reference] | [Reference] I [Reference]

Statin 73 (24.0) 0.86 (0.64, 1.17) | 0.340 | 0.85 (0.62, I.16) | 0.305 | 0.81 (0.58, 1.13) | 0.209
HF hospitalization
AF status

Non-AF 144 (27.3) | [Reference] | [Reference] I [Reference]

AF 54 (38.3) 1.70 (1.24,2.33) | 0.001 | 1.72 (1.26,2.36) | 0.001 | 1.59 (I.16,2.20) | 0.005
Statin use

Non-Statin 117 (31.6) | [Reference] | [Reference] | [Reference]

Statin 81 (27.2) 0.84 (0.63, 1.12) | 0.231 | 0.86 (0.64, I.16) | 0.330 | 0.85 (0.62, 1.17) | 0.319

Notes: *Adjusted for none. *Adjusted for age, sex. “Adjusted for age, sex, BMI, current smoker, current drinker, hypertension, diabetes, eGFR.
Abbreviations: AF, atrial fibrillation; HF, heart failure; BMI, body mass index; eGFR, estimated glomerular filtration rate.
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Figure 3 Joint association of Atrial fibrillation (AF) and Statin use with All-Cause mortality and Heart Failure (HF) hospitalization Among Patients with Cardiac
Resynchronization Therapy. Hazard ratios (solid symbols) with 95% Cls (error bars) of joint categories of AF and statin use for all-cause mortality (A) and HF hospitalization
(B) were estimated using multivariate Cox proportional hazards regression models adjusted for age, sex, body mass index, current smoker, current drinker, hypertension,
diabetes, and estimated glomerular filtration rate.
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Table 3 Joint Association of AF Status and Statin Use with All-Cause Mortality and HF Hospitalization

Study Outcome Events (%) | Hazard Ratio (95% CI), P value
Model 1* Model 2° Model 3¢
All-cause mortality
Non-AF/Statin 51 (21.6) | [Reference] | [Reference] | [Reference]
Non-AF/Non-Statin | 84 (28.0) 1.24 (0.88, 1.76) | 0.221 1.25 (0.87, 1.80) | 0.219 | 1.31 (0.90, 1.93) | 0.16l
AF/Statin 22 (32.4) 1.75 (1.06, 2.88) | 0.029 | 1.74 (1.05, 2.88) | 0.030 | 1.64 (1.02, 2.72) | 0.047
AF/Non-Statin 23 (31.1) 1.86 (1.13,3.04) | 0.014 | 1.87 (I.14,3.08) | 0.014 | 1.75(1.04,2.93) | 0.033
HF hospitalization
Non-AF/Statin 54 (23.4) | [Reference] | [Reference] | [Reference]
Non-AF/Non-Statin | 90 (30.4) 1.33 (0.95, 1.86) | 0.100 | 1.28 (0.91, 1.82) | 0.159 | 1.31 (0.91, 1.89) | 0.146
AF/Statin 27 (40.3) 2.06 (1.30,3.28) | 0.002 | 2.08 (1.31,3.31) | 0.002 | 1.97 (1.23, 3.14) | 0.005
AF/Non-Statin 27 (36.5) 1.96 (1.23, 3.11) | 0.004 | 1.91 (1.19,3.05) | 0.007 | 1.76 (1.08, 2.86) | 0.022

Notes: “Adjusted for none. bAdjusted for age, sex. cAdjusted for age, sex, BMI, current smoker, current drinker, hypertension, diabetes, eGFR.
Abbreviations: AF, atrial fibrillation; HF, heart failure; BMI, body mass index; eGFR, estimated glomerular filtration rate.

Table 4 Reclassification and Discrimination Statistics for AF Status and Statin Use

C-Statistic IDI NRI

Estimate (95% CI) | P value | Estimate (95% CI) | P value | Estimate (95% CI) | P value

All-cause mortality

Conventional model* 0.654 (0.607, 0.701) Ref. Ref.
Conventional model + Statin 0.660 (0.614, 0.705) | 0.272 0.003 (—0.001, 0.024) | 0.193 0.032 (—0.122, 0.166) | 0.605
Conventional model + AF 0.691 (0.647, 0.737) | <0.001 0.044 (0.013, 0.098) 0.013 0.191 (0.053, 0.329) 0.027

Conventional model + AF and Statin | 0.693 (0.648, 0.738) | <0.001 0.045 (0.016, 0.101) 0.013 0.191 (0.039, 0.348) 0.02
HF hospitalization

Conventional model* 0.613 (0.564, 0.661) Ref. Ref.
Conventional model + Statin 0.612 (0.562, 0.661) | 0.843 0.002 (—0.001, 0.023) | 0.213 0.023 (—0.073, 0.163) | 0.379
Conventional model + AF 0.675 (0.630, 0.720) | <0.001 0.048 (0.020, 0.099) <0.001 0.181 (0.097, 0.350) 0.007

Conventional model + AF and Statin | 0.675 (0.630, 0.720) | <0.001 0.048 (0.023, 0.103) <0.001 0.197 (0.093, 0.352) <0.001

Note: *Conventional model included age, sex, BMI, current smoker, diabetes, hypertension, LVEF and eGFR.
Abbreviations: AF, atrial fibrillation; HF, heart failure; BMI, body mass index; LVEF, left ventricular ejection fraction; eGFR, estimated glomerular filtration rate; IDI,
integrated discrimination improvement; NRI, net reclassification improvement.

suggested that AF status was associated with a higher risk of all-cause mortality and HF hospitalization in patients with
CRT compared to those without AF.

The prognostic effects of statins in cardiac patients have received increasing attention due to their multiple effects.***
Liakopoulos et al® conducted a meta-analysis that perioperative statin therapy resulted in a 43% reduction in the risk of all-
cause mortality (odds ratio [OR], 0.57; 95% CI, 0.49-0.67). However, in this Chinese population-based RCT cohort,
perioperative statin therapy failed to prevent adverse outcomes in cardiac surgery patients.”® In addition, Goldberger et al''
found that statin use was associated with a 78% reduced risk of death in patients with ICD (HR, 0.22; 95% CI, 0.09-0.55).
Buber et al'? found that statin use significantly reduced the risk of fatal ventricular tachycardia in patients with CRT (HR, 0.23;
95% CI, 0.13-0.40). Nevertheless, Basinskas et al'? reported that statin use was associated with unfavorable outcomes in
patients with CRT (HR 2.98, 95% ClI, 1.15-7.77). Therefore, there is no consensus in previous studies regarding the prognostic
impact of statin use in cardiac patients, which may be attributed to differences in study design, race, statin type, and other
confounding factors. In this study, we found that perioperative statin use did not prevent death and HF hospitalization in
patients with CRT, despite a lower incidence of adverse outcomes observed in the statin group.

Previous studies have shown that statin is helpful in reducing the risk of AF due to its antiarrhythmic effect.?’~*®
Fang et al*’ found that statin therapy was significantly associated with a reduced risk of developing or recurring AF
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(OR, 0.49; 95% CI, 0.37-0.65), but the benefit of statin was limited to the atorvastatin and simvastatin groups, and
was not observed in the pitavastatin and rosuvastatin groups. Liu et al** conducted a meta-analysis of RCTs, and statin
use had no significant effect on the occurrence of AF (RR, 0.76; 95% CI, 0.55-1.05); however, a summary of
observational studies found that statin use significantly reduced the risk of AF (RR, 0.77; 95% CI, 0.70 —0.85).
Fauchier et al®' reported that statin use was associated with a reduced risk of AF with no difference between intensive
vs standard statin regimens (OR, 1.01; 95% CI, 0.77-1.32). This evidence suggests that statin’s effect on AF remains
unclear and that this effect may be susceptible to the type of statin, study design, and independent of statin dose.

Given that nearly half of the CRT patients observed in our study received statin therapy. Investigating the impact of
the combination of AF status and statin use on the prognosis of CRT patients not only fills a previous knowledge gap.
Furthermore, the findings have potentially great clinical value due to the high prevalence of AF status and statin use in
CRT patients.*** In this study, CRT patients in the Non-AF/Statin group had the lowest incidence of adverse outcomes.
However, it needs to be noted that although statin use appears to attenuate the adverse effect of AF on the prognosis of
CRT, the prognostic impact of statins on patients with CRT is limited. This study provides information on the prevalence
of the combination of AF and statin use in patients with CRT and supports that CRT patients free of AF and statin use
have the best prognosis. The findings suggest that AF is a major risk factor for poor prognosis in patients with CRT and
that controlling the AF rhythm can provide a significant clinical benefit in the prognosis of CRT patients. However, the
effect of statin therapy on improving the prognosis of CRT was less pronounced.

Prior to our study, some studies have explored the role of statins in preventing and managing AF. However, the inconsistency
of this evidence makes us still confused about the specific effects of statin on the management of AF. For example, Reilly et al**
found that statins could prevent AF by inhibiting the activity of Racl and NOX2-NADPH oxidase in the atria but not in its

management. However, Zheng et al*

found that perioperative statin use in cardiac surgery did not prevent postoperative AF. This
contradictory evidence seriously interferes with clinicians’ treatment decisions. On the other hand, the current evidence regarding
statins’ use in treating patients with AF is relatively scarce, especially in patients with CRT. These uncertain factors will
undoubtedly bring some confusion to clinicians’ decision-making. To address gaps in previous studies, we investigated the effect
of statin on the prognosis of patients treated with CRT and whether statin could alleviate the adverse impact of AF. Our findings
answer the above research question definitively that statin therapy does not improve the prognosis of these patients and is
ineffective in the management of AF. Therefore, additional statin therapy to improve prognosis in HF patients with CRT is not
necessary, but control of AF is beneficial in reducing the risk of adverse events in this high-risk population.

The underlying mechanisms remain unclear, but there are some plausible explanations. The impact of AF status on the
prognosis of CRT is mainly through two aspects. On the one hand, persistent AF causes atrial electrophysiological
remodeling and enlargement of the left atrium size, and the fast ventricular rate caused by AF leads to a decrease in cardiac
output; the combination of these factors can aggravate the deterioration of cardiac function.>>*® On the other hand, the rapid
atrial rate and the variable atrioventricular conduction time during the onset of AF significantly reduce the BVP percentage,
affecting CRT’s efficacy.®”*® Increased evidence from basic research suggests that statins have multiple effects, including the
ability of statin therapy to reduce inflammation, and oxidative stress, improve endothelial function, stabilize plaque, and
reduce myocardial ischemia-reperfusion injury.** However, this study did not observe that statin therapy improved the
prognosis of patients with CRT, and statin use did not significantly attenuate the adverse effect of AF status on the prognosis
of patients with CRT. Unlike AF, statin use appears to have little effect on CRT; as shown in Table 1, statin use did not change
BVP percentages except for the effect of AF. In addition, the benefits of statins for cardiovascular disease are susceptible to
differences in study populations, study design, and disease status.*’ The available research evidence is unable to fully
elucidate the detailed mechanisms underlying the effects of statins and combinations of statins and AF on the prognosis of
CRT. Further basic research evidence is needed to elucidate the mechanisms behind the joint relationship.

Limitations

Several limitations in this study should be considered. First, we cannot draw causal inferences from this observational
cohort study.*' Second, the type and dose of statin were not recorded in this study, and this detailed information may have
influenced this association. Third, statin use and AF status were assessed at baseline, and data on statin use during
follow-up were not collected, and changes in statin therapy may have an impact on prognosis. Future studies employing
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repeated collections may be needed to assess the longitudinal impact of AF and statins on the prognosis of patients with
CRT. Fourth, the population in this study was from a single center, and the generalizability of the findings was limited,;
future multicenter studies are needed to verify this conclusion.

Conclusions

In this retrospective cohort study of CRT patients, despite the combination of AF-free status and statin use was associated
with a reduced risk of all-cause mortality and HF hospitalization. However, the effect of statin therapy on the prognosis
of patients with CRT has not been observed. These findings suggest that AF status is a major risk factor for an
unfavorable prognosis in CRT patients and that statin therapy is ineffective in attenuating the adverse effects of AF.
Prospective studies are needed to validate this joint association.
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