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ORIGINAL RESEARCH

Statin Therapy Is Associated With a Lower 
Risk of Heart Failure in Patients With Atrial 
Fibrillation: A Population-Based Study
Jia-Yi Huang, MD; Yap-Hang Chan , MD; Yi-Kei Tse, MBBS; Si-Yeung Yu, MBBS; Hang-Long Li , BSc;  
Cong Chen , MD, PhD; Chun-Ting Zhao, MD; Ming-Ya Liu, MD, PhD; Mei-Zhen Wu , MD; Qing-Wen Ren , MD; 
Ka-Lam Leung, MBBS; Denise Hung , MBBS; Xin-Li Li , MD, PhD; Hung-Fat Tse , MD, PhD;  
Gregory Y. H. Lip , MD; Kai-Hang Yiu , MD, PhD

BACKGROUND: Whether statin use can reduce the risk of heart failure (HF) remains controversial. The present study evaluates 
the association between statin use and HF in patients with atrial fibrillation.

METHODS AND RESULTS: Patients with newly diagnosed atrial fibrillation from 2010 to 2018 were included. An inverse prob-
ability of treatment weighting was used to balance baseline covariates between statin users (n=23 239) and statin nonusers 
(n=29 251). The primary outcome was incident HF. Cox proportional hazard models with competing risk regression were used 
to evaluate the risk of HF between statin users and nonusers. The median age of the cohort was 74.7 years, and 47.3% were 
women. Over a median follow-up of 5.1 years, incident HF occurred in 3673 (15.8%) statin users and 5595 (19.1%) statin nonus-
ers. Statin use was associated with a 19% lower risk of HF (adjusted subdistribution hazard ratio, 0.81 [95% CI, 0.78–0.85]). 
Restricted to the statin users, duration of statin use was measured during follow-up; compared with short-term use (3 months 
to <2 years), there was a stepwise reduction in the risk of incident HF among those with 2 to <4 years of statin use (subdistribu-
tion hazard ratio, 0.86 [95% CI, 0.84–0.88]), 4 to <6 years of statin use (subdistribution hazard ratio, 0.74 [95% CI, 0.72–0.76]), 
and ≥6 years of statin use (subdistribution hazard ratio, 0.71 [95% CI, 0.69–0.74]). Subgroup analysis showed consistent re-
ductions in the risk of HF with statin use.

CONCLUSIONS: Statin use was associated with a decreased risk of incident HF in a duration-dependent manner among patients 
with atrial fibrillation.

Key Words: atrial fibrillation ■ heart failure ■ low-density lipoprotein cholesterol ■ population-based cohort study ■ statins

The aging population, alongside the growing 
prevalence of chronic diseases such as hyper-
tension and diabetes, is driving the epidemic of 

atrial fibrillation (AF) globally.1 Heart failure (HF) is a 
significant complication of AF, regardless of preexist-
ing cardiovascular comorbidities,2,3 with ≈3 times the 
risk compared with those without AF.4–7 Indeed, HF is 
becoming a leading cause of hospitalization and non-
fatal cardiovascular events in patients with AF,8 which 

worsens prognosis in patients with AF.9–11 Thus, there 
is a pressing need for preventive strategies to mitigate 
the burden of HF in patients with AF.

Statin use may reduce the risk of HF rehospitaliza-
tion and improve survival in patients with preexisting HF 
and coronary artery disease (CAD).12,13 Two randomized 
studies, however, failed to show a protective effect of 
statins against HF.14,15 Although the role of statins in pre-
venting HF remains controversial,12–15 1 of the proposed 
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mechanisms by which statins may reduce the develop-
ment of HF is through preventing CAD and myocardial 
infarction (via lowering low-density lipoprotein choles-
terol [LDL-C]).16 The pleiotropic effects of statins, includ-
ing anti-inflammatory, antioxidative,17 and antithrombotic 
properties,18 may play a role in reducing HF.19 These 
mechanisms may modulate the shared pathologic mi-
lieu between HF and AF,20,21 which places statin use as 
a potential preventive strategy to alleviate the HF burden 
in the population with AF.

Using a territory-wide population with well-validated 
and prospectively updated data, the present study 
sought to evaluate the association between statin use 
and the risk of incident HF in the population with AF.

METHODS
For legal reasons, study data cannot be made avail-
able to other researchers.

This retrospective cohort study was conducted with 
data retrieved from the Clinical Data Analysis Reporting 
System (CDARS), a territory-wide database devel-
oped by the Hong Kong Hospital Authority, the sole 
provider of public health care in Hong Kong. CDARS 
documents the clinical records of 87% to 94% of in-
patient and outpatient services of the local population 
of 7.5 million. Diagnoses were determined using the 
International Classification of Diseases, Ninth Revision 
(ICD-9), and previous validation exercises have shown 
a high degree of coding accuracy.22–24 The study has 
been approved by the institutional review board of the 
University of Hong Kong and the West Cluster of the 
Hong Kong Hospital Authority. Informed consent was 
waived because of the anonymized nature of the data.

Study Population
We included all patients, aged ≥18 years, with newly 
diagnosed AF from January 1, 2010, to December 31, 
2018, using the ICD-9 code 427.31.25 Newly diagnosed 
AF was defined as patients without a previous diagnosis 
of AF at any time in CDARS. We used a look-back period 
until January 1, 1993. The index date was defined as the 
date of the first diagnosis of AF. We excluded patients 
with rheumatic heart disease, or previous valve surgery 
at the time of AF diagnosis, as well as those who died 
within 90 days after the index date. We also excluded 
patients who had diagnoses/procedures closely related 
to transient AF (myocarditis, pericarditis, pulmonary em-
bolism, and cardiac surgery) within 90 days before the 
index date. To allow the evaluation of incident HF as our 
primary outcome, we excluded patients with prior HF 
history or HF within 90 days after the index date. The 
study flowchart is shown in Figure S1.

Baseline Information
For each patient, we collected baseline information, 
including age at index date, sex, smoking, CHA2DS2-
VASc (congestive HF, hypertension, age ≥75 years 
[doubled], diabetes, stroke [doubled], vascular dis-
ease, age 65–74 years, and sex category [female]) 
score, AF duration (from the date of first AF diagnosis 
to the follow-up end date), and comorbidities (hyper-
tension, diabetes, ischemic stroke, transient ischemic 
attack, CAD, chronic kidney disease, peripheral vas-
cular diseases, venous thromboembolism, rheumatoid 
arthritis, systemic sclerosis, systemic lupus erythema-
tosus, ankylosing spondylitis, liver cirrhosis, anemia, 
cancer, gastrointestinal bleeding [GIB], dyslipidemia, 
and obesity) at any time before the index date. We 
also collected medication history (baseline use of 
non–vitamin K antagonist oral anticoagulant, warfa-
rin, aspirin, angiotensin-converting enzyme inhibitor/
angiotensin II receptor blocker [ACEI/ARB], β-blocker, 
and statin) within 1 year after the index date, which was 

CLINICAL PERSPECTIVE

What Is New?
•	 Statin therapy is associated with reduced risk of 

heart failure (HF), HF-related death, and all-cause 
mortality among patients with atrial fibrillation.

•	 This inverse association is independent of low-
density lipoprotein cholesterol levels and con-
sistent across all subgroups.

•	 The association between statin use and lower 
risk of HF is duration dependent.

What Are the Clinical Implications?
•	 Our study provides evidence on the relationship 

between statin use and HF in patients with atrial 
fibrillation through thorough consideration of 
potential confounding and biases achieved by 
propensity score analytics.

•	 These findings reveal low-density lipoprotein 
cholesterol control as a potential target and 
provide a crucial rationale for exploring lipid-
lowering therapies in preventing HF in patients 
with atrial fibrillation.

•	 The association between statin use and lower 
all-cause mortality shown in our data, consist-
ent with other observations, may reflect an 
overall beneficial impact on adverse cardiovas-
cular outcomes.

Nonstandard Abbreviations and Acronyms

GIB	 gastrointestinal bleeding
IPTW	 inverse probability of treatment weighting
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defined as >30 days of consecutive use.26 Procedures 
(AF ablation and cardioversion) within 1 year after the 
index date were also collected. Detailed ICD-9 codes 
are summarized in Table S1.

Exposure Definition
Our study adopted an intention-to-treat design, where 
exposure to statin therapy was defined as ≥90 days 
of consecutive statin use beginning within the first 
year of the index date.22 Patients who used statins for 
<90 days within the first year after the index date were 
excluded (n=1026). Statins available during the study 
period include simvastatin, atorvastatin, and rosuv-
astatin. Consequently, 23 239 statin users and 29 251 
statin nonusers were identified (Figure S1). To assess 
duration response, statin use was modeled as a time-
varying exposure. We summed the duration of all filled 
prescriptions (in days) and updated these data at each 
yearly interval of follow-up. For each statin user, we 
confirmed that the number of tablets dispensed in 
each visit is congruent with the period to the next statin 
prescription, with refilling at each visit (when the patient 
has presumably taken all tablets dispensed from the 
last). Moreover, patients who have not been prescribed 
statins for 30 days consecutively are considered to 
have discontinued statin therapy.

Outcome
The primary outcome was incident heart failure (ICD-9 
codes 402, 404, 425, and 428) after the diagnosis of 
AF.22 Secondary outcomes were HF-related death and 
all-cause mortality. HF-related death was defined as pa-
tients with HF as the primary death cause. Follow-up was 
started at 1 year after the index date. Patients were fol-
lowed up until the occurrence of HF, death, or the study 
end date on October 31, 2021, whichever was sooner.

Data Validation
Because patient information is anonymous in CDARS, 
we validated 200 patients with diagnosis of HF using 
the electronic medical record system at our center 
(Queen Mary Hospital), of whom 197 (98.5%) had a 
confirmed diagnosis. This high degree of accuracy of 
using ICD-9 diagnosis codes in CDARS has been ex-
tensively validated.22–24

Statistical Analysis
Continuous variables were presented as means with 
SD, and categorical variables were presented as 
counts with proportion. Differences between groups 
were compared using the t test for continuous varia-
bles and the χ2 test for categorical variables. Incidence 
rates were calculated as the number of events per 100 
person-years of follow-up.

To avoid bias attributable to treatment selection 
caused by a lack of randomization, a propensity score 
approach was used. All aforementioned covariates 
were logistically regressed to the probability of receiving 
treatment. An inverse probability of treatment weight-
ing (IPTW) was used to generate a pseudopopulation 
in which individuals were assigned weights that corre-
sponded to the inverse of their probability of receiving 
treatment given observed covariates.27 Covariates were 
considered balanced between statin users and nonus-
ers if the standardized mean difference was ≤0.10.

Cox proportional hazards models were used to eval-
uate the association between statin use and the risk of 
HF. Fine-Gray regression was applied to account for 
competing risks, with all-cause mortality defined as the 
competing event. To evaluate the duration-dependent 
association between statin use and study outcomes, 
we further entered the use of statins during follow-up 
into the Fine-Gray model as a time-varying variable to 
minimize the risk of immortal time bias.

To evaluate the associations between LDL-C levels 
and HF risk, the time-weighted mean of LDL-C was 
calculated on the basis of LDL-C levels measured at 
least 3 months following statin initiation for statin users 
and LDL-C levels measured after the index date for sta-
tin nonusers until study end point.22 Restricted cubic 
splines were used to characterize the association be-
tween LDL-C (as a continuous variable) and incident 
HF. Patients were subsequently categorized into 3 
groups based on the time-weighted mean of LDL-C: 
<1.8, 1.8 to 2.6, and >2.6 mmol/L. Subgroup analysis 
was performed according to age (<75 and ≥75 years), 
sex, hypertension, diabetes, CAD, smoking, LDL-C lev-
els (<1.8, 1.8–2.6, and >2.6 mmol/L), and use of antico-
agulants, aspirin, ACEI/ARB, and β-blockers. Tests for 
interaction were also conducted.

We conducted various sensitivity analyses to assess 
the robustness of our study findings as follows: (1) con-
ventional Cox regression analyses without competing 
risk or IPTW were performed to allow comparison with 
previous studies12,21; (2) adopting an alternative 1:1 pro-
pensity score–matched design; (3) excluding patients 
with a history of statin use (n=19 369); and (4) analyses 
of the association between statin use and incident GIB 
(excluding those who with previous GIB history) as a 
falsification end point. The E-value, which provides in-
formation on the strength of unmeasured confounders 
required to invalidate results, was also reported.28 A 
2-tailed P<0.05 was considered statistically significant. 
Data management was performed using R, version 
3.2.2 (R Foundation).

RESULTS
We identified 52 490 newly diagnosed patients with 
AF (mean [SD] age, 74.7 [12.2] years; 47.3% women) 
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between 2010 and 2018, of whom 29 251 were statin 
nonusers and 23 239 were statin users. Over a median 
follow-up of 5.06 (interquartile range, 5.01–5.10) years, 
incident HF occurred in 9268 (17.7%) patients: 3673 
(15.8%) and 5595 (19.1%) in statin users and statin non-
users, respectively (Table S2). The proportions with dia-
betes, hypertension, ischemic stroke, transient ischemic 
attack, CAD, chronic kidney disease, peripheral vascular 
disease, dyslipidemia, obesity, and baseline medica-
tions, including non–vitamin K antagonist oral anticoag-
ulant, warfarin, aspirin, β-blockers, and ACEI/ARB were 
consistently higher in statin users compared with statin 

nonusers (Table  1). Baseline characteristics were well 
balanced after matching on IPTW (Table S3).

Use of Statin and HF
The incidence rate of HF in the entire study pop-

ulation was 3.75 per 100 person-years, whereas the 
rates in statin users and statin nonusers were 3.40 and 
4.03, respectively. The cumulative incidence curves for 
statin users versus nonusers are shown in Figure  1. 
After IPTW, statin users had a 19% lower risk of inci-
dent HF compared with the nonusers (subdistribution 

Table 1.  Baseline Characteristics

Characteristic

Overall Statin nonusers Statin users Standardized mean  
difference before  
IPTW

Standardized mean  
difference after  
IPTW(N=52 490) (n=29 251) (n=23 239)

Age, mean (SD), y 74.74 (12.21) 74.77 (13.25) 74.71 (10.75) 0.005 0.005

Female sex, N (%) 24 833 (47.3) 13 956 (47.7) 10 877 (46.8) 0.018 0.002

Smoking, N (%) 3650 (7.0) 2304 (7.9) 1346 (5.8) 0.083 0.004

CHA2DS2-VASc score, 
mean (SD)

2.82 (1.62) 2.58 (1.53) 3.12 (1.67) 0.333 0.006

AF duration, mean (SD), y 4.70 (3.12) 4.75 (3.27) 4.65 (2.92) 0.033 <0.001

Medical conditions, N (%)

Diabetes 21 551 (41.1) 9861 (33.7) 11 690 (50.3) 0.341 0.007

Hypertension 13 529 (25.8) 6298 (21.5) 7231 (31.1) 0.219 0.004

Ischemic stroke 6052 (11.5) 1957 (6.7) 4095 (17.6) 0.339 0.004

TIA 1215 (2.3) 395 (1.4) 820 (3.5) 0.142 0.005

CAD 6858 (13.1) 2393 (8.2) 4465 (19.2) 0.325 0.022

CKD 1908 (3.6) 873 (3.0) 1035 (4.5) 0.078 0.004

PVD 1944 (3.7) 722 (2.5) 1222 (5.3) 0.145 0.003

VTE 470 (0.9) 255 (0.9) 215 (0.9) 0.006 <0.001

Autoimmune diseases* 7188 (13.7) 4092 (14.0) 3096 (13.3) 0.015 0.003

Liver cirrhosis 318 (0.6) 246 (0.8) 72 (0.3) 0.070 <0.001

Anemia 4718 (9.0) 2801 (9.6) 1917 (8.3) 0.047 0.004

Cancer 8054 (15.4) 4589 (15.7) 3465 (14.9) 0.022 0.001

GIB 5763 (11.0) 3360 (11.5) 2403 (10.3) 0.037 0.003

Dyslipidemia 4656 (8.9) 1263 (4.3) 3393 (14.6) 0.357 0.018

Obesity 407 (0.8) 150 (0.5) 257 (1.1) 0.066 0.002

Medication use, N (%)

NOAC 22 198 (42.3) 10 276 (35.1) 11 922 (51.3) 0.331 0.006

Warfarin 11 047 (21.0) 5451 (18.6) 5596 (24.1) 0.133 0.006

Aspirin 23 039 (43.9) 9933 (34.0) 13 106 (56.4) 0.463 0.003

β-Blockers 15 807 (30.1) 7879 (26.9) 7928 (34.1) 0.156 0.002

ACEI/ARB 24 137 (46.0) 10 656 (36.4) 13 481 (58.0) 0.443 0.004

Procedure, N (%)

Ablation 307 (0.6) 185 (0.6) 122 (0.5) 0.014 <0.001

Cardioversion 204 (0.4) 129 (0.4) 75 (0.3) 0.019 0.001

A variable is considered balanced between users and nonusers where the standardized mean difference is ≤0.1. ACEI/ARB indicates angiotensin-converting 
enzyme inhibitor/angiotensin II receptor blocker; AF, atrial fibrillation; CAD, coronary artery disease; CHA2DS2-VASc, (congestive HF, hypertension, age ≥75 years 
[doubled], diabetes, stroke [doubled], vascular disease, age 65–74 years, and sex category [female]) score; CKD, chronic kidney disease; GIB, gastrointestinal 
bleeding; IPTW, inverse probability of treatment weighting; NOAC, non–vitamin K antagonist oral anticoagulant; PVD, peripheral vascular disease; TIA, transient 
ischemic attack; and VTE, venous thromboembolism.

*Autoimmune diseases include rheumatoid arthritis, systemic sclerosis, systemic lupus erythematosus, and ankylosing spondylitis.
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hazard ratio [SHR], 0.81 [95% CI, 0.78–0.85]; P<0.001) 
(Table 2). The incidence rate of HF-related death was 
0.66 per 100 person-years, corresponding to 0.61 and 

0.69 in statin users and statin nonusers, respectively 
(Table S2). Statin users had a 16% lower risk of HF-
related death compared with nonusers (SHR, 0.84 

Figure 1.  Cumulative incidence of heart failure between statin users and nonusers.
We calculated the P value using log-rank test for equality of the cumulative functions between each exposure group after inverse 
probability of treatment weighting, accounting for competing risks of all-cause mortality. The inset shows the same data on an 
expanded y axis.

Table 2.  Effect of Statin Use on the Risk of Incident HF and HF-Related Death

Variable Events, N (%) Incident rate Unadjusted SHR (96% CI) P value Adjusted SHR (96% CI) P value*

Incident HF

Statin nonusers (N=29 251) 5595 (19.1) 4.03 1.00 (Reference) 1.00 (Reference)

Statin users (N=23 239)† 3673 (15.8) 3.40 0.84 (0.81–0.87)
<0.001

0.81 (0.78–0.85)
<0.001

HF-related death

Statin nonusers (N=29 251) 959 (3.3) 0.69 1.00 (Reference) 1.00 (Reference)

Statin users (N=23 239) 661 (2.8) 0.61 0.85 (0.76–0.95)
0.003

0.84 (0.74–0.94)
<0.001

HF indicates heart failure; and SHR, subdistribution hazard ratio.
*A multivariable-adjusted model further accounted for the following prognostic covariates: age at index date, sex, smoking, CHA2DS2-VASc score (congestive 

HF, hypertension, age ≥75 years [doubled], diabetes, stroke [doubled], vascular disease, age 65–74 years, and sex category [female]) score, atrial fibrillation 
duration, comorbidities, including diabetes, hypertension, ischemic stroke, transient ischemic attack, coronary artery disease, chronic kidney disease, 
peripheral vascular disease, venous thromboembolism, rheumatoid arthritis, systemic sclerosis, systemic lupus erythematosus, ankylosing spondylitis, liver 
cirrhosis, anemia, cancer, gastrointestinal bleeding, dyslipidemia, and obesity, and baseline use of non–vitamin K antagonist oral anticoagulant, warfarin, 
aspirin, β-blockers, angiotensin-converting enzyme inhibitors/angiotensin receptor blockers, ablation, and cardioversion.

†Statin user was defined by filled prescription for at least 90 consecutive days of statin use after the index date. Hazard estimates were obtained with the 
use of a proportional subdistribution hazards regression model fit to the inverse probability of treatment weighted cohort that accounted for competing risk; 
the model was conditioned on age at index date.
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[95% CI, 0.74–0.94]; P<0.001) after multivariable ad-
justment (Table 2).

LDL-C Levels and HF
Among the entire cohort, 48 558 (92.5%) patients had 
time-weighted mean of LDL-C, in which 9424 (19.4%) 
were categorized as LDL-C <1.8 mmol/L, 19 045 
(39.2%) as LDL-C 1.8 to 2.6 mmol/L, and 20 089 (41.4%) 
as LDL-C >2.6 mmol/L. When LDL-C was treated as a 
continuous variable, every 1-mmol/L increase in LDL-C 
was associated with a 7% increased risk of incident HF 
(SHR, 1.07 [95% CI, 1.05–1.09]; P<0.001); and the re-
stricted cubic splines analysis showed a similar pattern 
(Figure  S2). Compared with an LDL-C <1.8 mmol/L, 
LDL-C 1.8 to 2.6 mmol/L had a similar risk of HF (SHR, 
1.03 [95% CI, 0.98–1.08]; P=0.15), whereas LDL-C 
>2.6 mmol/L had an 11% increased risk of HF (SHR, 
1.11 [95% CI, 1.07–1.17]; P<0.001) (Table S4). Notably, 
across all strata of LDL-C levels, the crude incidence 

rates of HF were consistently lower in statin users com-
pared with statin nonusers (LDL-C <1.8 mmol/L: 3.77 
versus 4.80; LDL-C 1.8–2.6 mmol/L: 3.05 versus 4.38; 
and LDL-C >2.6 mmol/L: 3.34 versus 3.69; all P<0.001).

The reduced risk of HF in statin users across LDL-C 
groups remained consistent following multivariate 
adjustment (LDL-C <1.8 mmol/L: SHR, 0.66 [95% CI, 
0.60–0.71]; LDL-C 1.8–2.6 mmol/L: SHR, 0.73 [95% CI, 
0.69–0.77]; and LDL-C >2.6 mmol/L: SHR, 0.85 [95% 
CI, 0.79–0.90]; all P<0.001) (Figure 2).

Duration of Statin Use
To evaluate the duration-dependent relationship, we 
modeled statin use as a time-varying exposure. Among 
23 239 statin users, 1972 (8.5%) patients discontinued 
statin use before the outcome, death, or study end. The 
incidence rate of HF declined with an increasing dura-
tion of statin use (Table 3). The duration of statin use 
was calculated during the follow-up period; compared 

Figure 2.  Multivariable stratified analysis of the association between statin use and risk of incident heart failure.
ACEI/ARB indicates angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; CAD, coronary artery disease; DM, 
diabetes; HTN, hypertension; LDL-C, low-density lipoprotein cholesterol; and SHR, subdistribution hazard ratio.
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with short-term statin use (3 months to <2 years), there 
was a stepwise reduction in risk of incident HF among 
those with 2 to <4 years of statin use (SHR, 0.86 [95% 
CI, 0.84–0.88]; P<0.001), 4 to <6 years of statin use 
(SHR, 0.74 [95% CI, 0.72–0.76]; P<0.001), and ≥6 years 
of statin use (SHR, 0.71 [95% CI, 0.69–0.74]; P<0.001).

A similar duration-dependent relationship was also 
found in the association between statin use and HF-
related death. Compared with short-term statin use 
(3 months to <2 years), 4 to <6 years of statin use and 
≥6 years of statin use were associated with a 15% 
(SHR, 0.85 [95% CI, 0.82–0.87]; P<0.001) and a 23% 
reduction (SHR, 0.77 [95% CI, 0.74–0.80]; P<0.001) in 
HF-related death, respectively.

Use of Statin and Mortality
The incidence rates of all-cause mortality per 100 
person-years of follow-up were 9.89 and 8.83 in sta-
tin nonusers and statin users, respectively (Table S2). 
Cox regression analysis showed that statin users had a 
lower risk of all-cause mortality (hazard ratio [HR], 0.85 
[95% CI, 0.82–0.87]; P<0.001) compared with statin 
nonusers (Table S5).

Subgroup Analysis
Results of subgroup analyses are shown in Figure 2. 
Compared with nonusers, statin users were associated 
with a lower risk of incident HF across all subgroups, in-
cluding age, sex, hypertension, diabetes, CAD, smok-
ing, and baseline use of anticoagulants, aspirin, ACEI/
ARB, and β-blockers. There was no interaction for all 

subgroups, except for those categorized by baseline 
status of anticoagulant treatment (Pinteraction<0.001), 
where the benefit of statin use appeared to be greater 
in the subgroup of patients without anticoagulant use 
compared with those with anticoagulant use.

Sensitivity Analyses
To allow comparisons with previous studies, we also 
conducted competing risk without propensity score 
matching (adjusted SHR, 0.74 [95% CI, 0.70–0.77]; 
P<0.001) and conventional multivariable Cox regres-
sion without considering competing risk (HR, 0.75 [95% 
CI, 0.71–0.78]; P<0.001) (Table S6), which showed con-
sistent results with our primary analysis. When 1:1 pro-
pensity score matching was used (Table S7) instead 
of IPTW, the multivariate-adjusted SHR after account-
ing for competing risk was 0.75 (95% CI, 0.71–0.79; 
P<0.001) (Table S6).

In addition, we identified 3870 new statin users 
who started statin treatment after the index date by 
excluding patients with baseline statin use. A 1:1 pro-
pensity score matching approach was used to create 
a cohort to compare the risk of HF between statin new 
users and statin nonusers; after accounting for com-
peting risk, the multivariable-adjusted SHR for incident 
HF was 0.70 (95% CI, 0.64–0.77; P<0.001) and the 
multivariable-adjusted SHR for HF-related death was 
0.75 (95% CI, 0.68–0.82; P<0.001) for statin new users 
(Table S8). The E-value was 1.6 for the upper limit of 
the CI, suggesting that for an unmeasured confounder 
to render the results statistically insignificant, it would 

Table 3.  Effect of Duration of Statin Use on the Risk of Incident HF and HF-Related Death Among Statin Users

Duration of statin use Incident rate of 100 person-years

SHR (95% CI) P value

Total/events Unadjusted Adjusted*

HF

3 mo to <2 y 23 239/315 4.79 1.00 (Reference) 1.00 (Reference)

2 to <4 y 19 870/393 4.69 0.84 (0.83–0.86) <0.001 0.86 (0.84–0.88) <0.001

4 to <6 y 17 445/516 3.76 0.72 (0.70–0.74) <0.001 0.74 (0.72–0.76) <0.001

≥6 y 14 168/2449 3.07 0.70 (0.67–0.73) <0.001 0.71 (0.69–0.74) <0.001

HF-related death

3 mo to <2 y 23 239/75 0.61 1.00 (Reference) 1.00 (Reference)

2 to <4 y 19 870/83 0.62 1.09 (1.07–1.13) <0.001 1.06 (1.03–1.09) <0.001

4 to <6 y 17 445/111 0.48 0.84 (0.81–0.87) <0.001 0.85 (0.82–0.87) <0.001

≥6 y 14 168/392 0.44 0.76 (0.73–0.79) <0.001 0.77 (0.74–0.80) <0.001

Statin user was defined by filled prescription for at least 90 consecutive days of statin use after the index date. The cumulative duration of statin use was 
modeled as a time-varying exposure. Hazard estimates were obtained with the use of a proportional subdistribution hazards regression model fit to the inverse 
probability of treatment weighted cohort that accounted for competing risk; the model was conditioned on age at index date. HF indicates heart failure; and 
SHR, subdistribution hazard ratio.

*A multivariable-adjusted model further accounted for the following prognostic covariates: age at index date, sex, smoking, CHA2DS2-VASc score (congestive 
HF, hypertension, age ≥75 years [doubled], diabetes, stroke [doubled], vascular disease, age 65–74 years, and sex category [female]) score, atrial fibrillation 
duration, comorbidities, including diabetes, hypertension, ischemic stroke, transient ischemic attack, coronary artery disease, chronic kidney disease, 
peripheral vascular disease, venous thromboembolism, rheumatoid arthritis, systemic sclerosis, systemic lupus erythematosus, ankylosing spondylitis, liver 
cirrhosis, anemia, cancer, gastrointestinal bleeding, dyslipidemia, and obesity, and baseline use of non–vitamin K antagonist oral anticoagulant, warfarin, 
aspirin, β-blockers, angiotensin-converting enzyme inhibitors/angiotensin receptor blockers, ablation, and cardioversion.
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need to be strongly associated with both statin use 
and HF (>60% difference in prevalence among users 
and nonusers and an HR >1.6/<0.6 on HF).

As a falsification analysis, we used GIB as a neg-
ative control, of which 10 220 patients with GIB diag-
nosis were identified. After excluding 6274 patients 
with previous GIB history before the index date, 3946 
patients with GIB were included. The association be-
tween statin use and GIB was insignificant after mul-
tivariable adjustment (SHR, 1.01 [95% CI, 0.94–1.08]; 
P=0.77) (Table S9).

DISCUSSION
This territory-wide cohort study of newly diagnosed 
patients with AF who started statin treatment within 1 
year demonstrated that statin use was independently 
associated with a 19% reduced risk of HF, a 16% re-
duced risk of HF-related death, and a 15% reduced 
risk of all-cause mortality. Second, there was a sig-
nificant duration-dependent association between sta-
tin use and the risk of HF and HF-related death. This 
inverse association was consistent across subgroups 
of age, sex, comorbidities, anticoagulation use, and 
LDL-C levels.

HF, surpassing stroke and thromboembolism,29 
has emerged as the major complication of AF, afflict-
ing 11% to 34% of the population.30 Its substantial 
individual and societal burden31 is underlined by the 
increased mortality and rehospitalization risk among 
patients with AF who have HF,8 with HF after AF (as in 
our study) carrying the highest risk of all-cause mor-
tality (compared with concurrent AF and HF or HF 
before AF).32 Our study, using a large contemporary 
population with AF, corroborates with previous stud-
ies to highlight the profoundly high HF and related 
mortality risk in patients with AF. These observations 
highlight the need to develop effective strategies to 
prevent HF to improve outcome in newly diagnosed 
patients with AF.

Although the precise mechanisms involved in HF 
development in patients with AF are not well under-
stood, increased LDL-C levels, comorbidities (hyper-
tension, diabetes, and CAD), thromboembolic effects, 
cardiac remodeling and dysfunction, neurohumoral 
activation, inflammation, and oxidative stress are likely 
to contribute to HF pathogenesis.21 Notably, accumu-
lating evidence illustrates that epicardial fat, which is 
closely linked to LDL-C, is associated with HF33 as well 
as AF progression, emphasizing the potential role of 
dyslipidemia in mediating the inextricable link between 
HF and AF.34,35 Supporting this notion, our study, 
which includes a large cohort of newly diagnosed pa-
tients with AF who started statin treatment within 1 
year following diagnosis of AF, demonstrated that an 

elevated time-weighted LDL-C level >2.6 mmol/L (ver-
sus <1.8 mmol/L) had an 11% increased risk of incident 
HF. These findings unveil LDL-C control as a potential 
target and provide a crucial rationale for exploring lip-
id-lowering therapies in preventing HF in patients with 
AF. Correspondingly, prior evidence has demonstrated 
that LDL-C reduction was associated with a 13% lower 
risk of major cardiovascular events in patients with HF36 
and that statins could reduce the risk of new-onset HF 
or HF hospitalization.18,37 Our study, extending previ-
ous literature, provides evidence on the relationship 
between statin use and HF in patients with AF through 
thorough consideration of potential sources of con-
founding and biases achieved by propensity score 
analytics.

Although one may be inclined to perceive LDL-C 
control as the sole mechanism for statins’ benefit, our 
study demonstrates that statin use is associated with 
reduced HF incidence across all LDL-C strata, point-
ing to the potential pleiotropic effect of statin use in 
reducing HF burden in patients with AF. Previous fun-
damental research has revealed several pleiotropic 
effects, including anti-inflammatory and antioxidant 
effects,17 endothelial function improvement,38 cardiac 
remodeling,39 and autonomic nervous system modu-
lation, that may reduce HF incidence.40 Clinical data 
have further solidified these mechanisms in reducing 
the risk of HF.41–43 A substudy of the Controlled rosu-
vastatin multinational study in heart failure (CORONA) 
trial demonstrated that inflammatory biomarkers, in-
cluding high-sensitivity CRP (C-reactive protein), that 
could be reduced by statin were associated with lower 
risk of cardiovascular mortality and HF rehospitaliza-
tion in patients with chronic HF.44 The consistent risk 
reduction among patients with and without CAD fur-
ther confirms that statins provided additional protective 
mechanisms against HF beyond its ability to attenuate 
atherosclerotic burden.12 The potential of statins to re-
duce tachycardia-induced structural remodeling45 and 
chamber-specific selectivity to minimize atrial fibrosis 
through the stain reductase pathway46 may provide 
complementary mechanisms to reduce HF specifically 
in patients with AF. Indeed, the favorable association 
between statins and study outcomes in all LDL-C sub-
groups further justified the pleiotropic benefit in ame-
liorating the burden of HF by statin use in patients with 
AF. Nevertheless, there is a trend of higher risk of HF in 
those with LDL-C control of <1.8 mmol/L in our study 
(including both patients with and without statin use), 
and this observation is consistent with prior studies 
that indicated that LDL-C <1.8 mmol/L was associated 
with a higher risk of cardiovascular mortality.47,48 The 
potential adverse association with low LDL-C in relation 
to HF, perhaps related to malnutrition status in partic-
ular to those at risk of HF,49 deserves verification by 
future prospective studies.
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Despite the apparent effect of statins to protect 
HF in prior studies19,50 and the present study, 2 ran-
domized studies (CORONA and Gruppo Italiano per lo 
Studio della Sopravvivenza nell’Insufficienza Cardiaca-
Heart Failure) failed to demonstrate a reduction of 
major adverse outcome in subjects with New York 
Heart Association class II to IV; in addition, presence 
of AF did not affect the neutral effects of statins on 
HF.14,51 However, a post hoc analysis of the CORONA 
trial did show that rosuvastatin led to fewer HF hos-
pitalizations when repeated events were included.15 
Nonetheless, only ≈20% of patients enrolled in these 
2 trials had underlying AF, and the failure to include 
important confounding factors, such as anticoagula-
tion and AF ablation, indicated that the neutral effect 
of statins to protect from HF cannot be extended to 
our study population. In both trials, ≈30% died within 
the study trial, of which adverse events should be ad-
justed with competing risk for mortality, yet were not 
considered. Furthermore, like all randomized studies, 
strict inclusion criteria and a restricted number of par-
ticipants may not be able to mimic real-life treatment 
situations. These constraints were well addressed by 
our study design, which includes the use of a territo-
ry-wide, well-validated electronic health care database 
(CDARS) with records of all diagnoses, laboratory re-
sults, and details of drug dispenses, allowing the col-
lection of the relevant information required to preclude 
selection and recall biases. The validity of the current 
result is further enhanced by extensive adjustments for 
medications/procedures, such as ACEI/ARB and AF 
ablation, which may modify the risk of HF. The applica-
tion of IPTW to an unselected population with AF with 
detailed clinical and medication history also provided 
convincing evidence on the potential benefits of statins 
in preventing HF and HF-related mortality. In addition, 
using a time-varying model, we demonstrated a dura-
tion-dependent reduction of HF by statin use, sugges-
tive of a potential causal relationship. The association 
between statins and lower risk of all-cause mortality, 
as shown in our data, consistent with other observa-
tions,52,53 may reflect an overall beneficial impact on 
adverse cardiovascular outcomes. Pragmatic random-
ized controlled trials in patients with AF are needed to 
confirm the role of statins in preventing incident HF.

Limitations
The current study did not distinguish AF types (parox-
ysmal, persistent, and permanent) and treatment strat-
egies (rhythm and rate control). Echocardiographic 
data were not available in CDARS; thus, the differential 
impact of left ventricular filling pressure/function could 
not be evaluated in the present study. Previous studies 
have indicated similar rates of adverse events across 
different left ventricular systolic grades in patients with 
AF54; however, the impact of statin use (different types 

and intensity) on different HF subtypes (HF with pre-
served ejection fraction and HF with reduced eject 
fraction) within the context of AF remains unclear, and 
future studies are needed to investigate these associa-
tions. The present study assessed the association be-
tween HF and statin use in patients who started statin 
treatment within 1 year following diagnosis of AF. As 
such, our findings cannot be generalized to those pa-
tients who initiate statins >1 year after newly diagnosed 
AF. Residual confounders remain possible despite 
propensity score analytics; however, such confound-
ers need to be of great significance to invalidate the 
present results based on our reported E-value. Finally, 
the study was conducted in an Asian cohort, and fur-
ther studies in other racial groups may be required to 
confirm our observations.

CONCLUSIONS
In this large population-based cohort of patients with 
AF, statin use was significantly associated with a re-
duced risk of HF incidence and HF-related mortality, 
independent of LDL-C levels. The negative associa-
tion was duration dependent and consistent across all 
subgroups.
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