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Although the prevalence of cardiovascular comorbidities and associated risk factors such as

diabetes mellitus, chronic kidney disease, and obesity increase with age, lipid levels may go

through several changes over the course of a lifetime, associated with sex, ethnicity, and meta-

bolic profile [1]. The association between lipid levels and atherosclerotic disease is well estab-

lished [2], but the association between lipid levels and incidence of atrial fibrillation (AF) has

not been fully elucidated.

Despite the association between high lipoprotein levels and the increased risk of atheroscle-

rosis and coronary artery disease (CAD), which, in turn, may lead to an increased risk of AF

[3], several studies have suggested that high levels of low-density lipoprotein cholesterol

(LDL-C), total cholesterol (TC), and high-density lipoprotein cholesterol (HDL-C) are

associated with a lower risk of AF [4]. The clinical significance and pathophysiological mecha-

nisms of this paradoxical inverse association between lipid levels and AF risk remain unclear

[4].

In an accompanying study in PLOS Medicine, Mozhu Ding and colleagues conducted a

large population-based study of>65,000 adults aged 45 to 60 years without any history of car-

diovascular disease, using data from the Swedish National Patient Register and Cause of Death

Register [5]. Using International Classification of Diseases (ICD) codes from discharge diag-

noses of hospital visits and causes of death captured in these registries, participants were fol-

lowed up for up to 35 years for incident AF. Higher levels of TC and LDL-C were associated

with lower risk of AF within the first 5 years (hazard ratios [HRs]: 0.61, 95% confidence inter-

vals [CIs]: 0.41 to –0.99; HR: 0.64, 95% CI: 0.45 to 0.92), but the effect was attenuated after 5

years of follow-up. Conversely, lower levels of HDL-C, high triglyceride (TGAU : PleasenotethatTGhasbeenfullydefinedastriglycerideatitsfirstmentioninthesentenceConversely; lowerlevelsofHDL � C; hightriglyceridesðTGÞlevels:::Pleasecorrectifnecessary:) levels and high

TG/HDL-C ratio were consistently associated with a higher risk of AF over 3 decades of fol-

low-up (HRs ranging from 1.13 [95% CI: 1.07 to 1.19, p< 0.001] to 1.53 [95% CI: 1.12 to

2.00]).

Previous longitudinal studies have demonstrated that levels of the majority of lipoproteins

increase significantly between the ages of 20 to 50 years before plateauing in older age; this pat-

tern is observed mainly in men, while in women, increasing lipoproteins are associated with

menopause [6]. These early findings were recently confirmed in a cross-sectional study in a

Chinese population, in which TC and LDL-C were found to plateau between the ages of 40

and 60 in men and 60 years of age in women, before declining markedly [7]. Considering the

inverse association of TC and LDL-C with aging, and the association between aging and higher

prevalence of AF, this may partially explain the inverse association of TC and LDL-C with AF.

PLOS MEDICINE

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004067 August 11, 2022 1 / 3

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Sagris D, Harrison SL, Lip GYH (2022)

Lipids and atrial fibrillation: New insights into a

paradox. PLoS Med 19(8): e1004067. https://doi.

org/10.1371/journal.pmed.1004067

Published: August 11, 2022

Copyright: © 2022 Sagris et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Funding: The author(s) received no specific

funding for this work.

Competing interests: I have read the journal’s

policy and the authors of this manuscript have the

following competing interests: DS: has declared

that no competing interests exist SLH: Received a

grant from Bristol Myers Squibb, outside of the

submitted work. GYHL: Consultant and speaker for

BMS/Pfizer, Medtronic Boehringer Ingelheim and

Daiichi-Sankyo. No fees are directly received

personally.

Abbreviations: AU : Anabbreviationlisthasbeencompiledforthoseusedthroughoutthetext:Pleaseverifythatallentriesarecorrect:AF, atrial fibrillation; CAD, coronary

artery disease; CI, confidence interval; HDL-C,

high-density lipoprotein cholesterol; HF, heart

failure; HR, hazard ratio; ICD, International

Classification of Diseases; LDL-C, low-density

lipoprotein cholesterol; TC, total cholesterol; TG,

triglyceride.

https://orcid.org/0000-0001-6657-5665
https://orcid.org/0000-0002-8846-0946
https://orcid.org/0000-0002-7566-1626
https://doi.org/10.1371/journal.pmed.1004067
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1004067&domain=pdf&date_stamp=2022-08-11
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1004067&domain=pdf&date_stamp=2022-08-11
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1004067&domain=pdf&date_stamp=2022-08-11
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1004067&domain=pdf&date_stamp=2022-08-11
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1004067&domain=pdf&date_stamp=2022-08-11
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1004067&domain=pdf&date_stamp=2022-08-11
https://doi.org/10.1371/journal.pmed.1004067
https://doi.org/10.1371/journal.pmed.1004067
http://creativecommons.org/licenses/by/4.0/


Another interesting finding reported by Mozhu Ding and colleagues is the inverse associa-

tion of HDL-C levels with AF incidence and the association of high TG levels and high TG/

HDL-C ratio with increased risk of AF [8]. This association remained consistent for more than

10 years, suggesting a potentially strong association of HDL-C and TG with incident AF. Since

HDL-C and high TG levels are important components of metabolic syndrome, this finding

may demonstrate a role of metabolic syndrome and its components in the risk of AF. A recent

meta-analysis of 6 cohort studies, including 30,810,460 patients, showed that metabolic syn-

drome and low HDL-C were associated with a significantly higher risk of AF (HR: 1.57; 95%

CI: 1.40 to 1.77, and HR: 1.18; 95% CI: 1.06 to 1.32, respectively) [9]. Based on this evidence,

we can speculate that a combination of low HDL-C and high non-HDL-C (i.e., TC excluding

HDL-C) may have a potential association with AF risk. Nonetheless, a nationwide cross-sec-

tional survey suggested that non-HDL-C may also be associated with a lower risk of AF [10].

The associations observed in the study by Mozhu Ding and colleagues may have been

related to lipid treatment therapies, but as the authors highlight, lipid-lowering medicines

were uncommonly used in the first few years of the study period and it is unlikely that these

could have influenced the associations observed at the beginning of the follow-up period.

The association of lipid levels with incident AF remained consistent both in patients with

and without heart failure (HF) or CAD. However, in the sensitivity analysis including only

patients for whom data on use of medications were available, among those with HF or CAD

being treated with lipid-lowering medication, the risk of AF was lower compared to those who

were not treated [8]. It seems that although lipid levels are correlated with incident AF irre-

spective of the presence of HF or CAD, in this high-risk population, the use of lipid-lowering

medication reduces the risk of AF, as was previously suggested [11].

Mozhu Ding and colleagues have been able to conduct a large-scale study with a long fol-

low-up period, and the findings agree with previous observational evidence. As with all obser-

vational studies, residual confounding may be present. In this study, baseline lipid levels were

assessed, but variability over time was not examined. A previous nationwide study in Korea

has suggested high variability in lipid levels is associated with a higher risk of AF development

[12]. Additionally, smoking or physical activity, which represent important cardiovascular

parameters, were not accounted for, which may have partially influenced the observed

associations.

Although the natural progression of vascular aging, chronic inflammation, and dynamic

changes in cardiovascular risk factors, including dyslipidemia, may play an essential role in

cardiovascular diseases and the risk of AF [13,14], the exact mechanisms of the potential

inverse correlation of hyperlipidemia to AF remain elusive. The accompanying study of

Mozhu Ding and colleagues supports the existing evidence on the paradoxical inverse correla-

tion of TC, LDL-C, and HDL-C levels with the risk of future AF, providing further insights in

the role of TG levels and their correlation to HDL-C levels. New insights may improve under-

standing of the pathophysiology behind this paradoxical observation [15]. Until then, hyper-

lipidemia should be assessed as part of the overall cardiovascular risk [16], and the AF paradox

should not outweigh this risk.
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tion and the impact of age: Results from the LIPIDOGRAM2015 study. Atherosclerosis. 2020; 312:16–

22. https://doi.org/10.1016/j.atherosclerosis.2020.08.026 PMID: 32947222

11. Hanna IR, Heeke B, Bush H, Brosius L, King-Hageman D, Dudley SC Jr., et al. Lipid-lowering drug use

is associated with reduced prevalence of atrial fibrillation in patients with left ventricular systolic dysfunc-

tion. Heart Rhythm. 2006; 3(8):881–6. https://doi.org/10.1016/j.hrthm.2006.05.010 PMID: 16876733

12. Lee HJ, Lee SR, Choi EK, Han KD, Oh S. Low Lipid Levels and High Variability are Associated With the

Risk of New-Onset Atrial Fibrillation. J Am Heart Assoc. 2019; 8(23):e012771. https://doi.org/10.1161/

JAHA.119.012771 PMID: 31771440

13. Louka A-M, Sagris D, Ntaios G. Immunity, Vascular Aging and Stroke. Curr Med Chem. 2022; 29:1–12.

14. Lip GYH, Tran G, Genaidy A, Marroquin P, Estes C. Revisiting the dynamic risk profile of cardiovascu-

lar/non-cardiovascular multimorbidity in incident atrial fibrillation patients and five cardiovascular/non-

cardiovascular outcomes: A machine-learning approach. J Arrhythm. 2021; 37(4):931–41. https://doi.

org/10.1002/joa3.12555 PMID: 34386119

15. Tham YK, Jayawardana KS, Alshehry ZH, Giles C, Huynh K, Smith AAT, et al. Novel Lipid Species for

Detecting and Predicting Atrial Fibrillation in Patients With Type 2 Diabetes. Diabetes. 2020; 70(1):255–

61. https://doi.org/10.2337/db20-0653 PMID: 33115826

16. Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas KC, Bäck M, et al. 2021 ESC Guidelines on
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