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A b s t r a c t

Introduction: Numerous epidemiologic studies have investigated the link between nonalcoholic fatty liver disease (NAFLD) and 
long-term atrial fibrillation (AF) risk, but the results are surprisingly conflicting. 

Aim: Therefore, we systematically reviewed all published studies assessing the risk of AF in patients with NAFLD and conducted 
a meta-analysis.

Material and methods: We performed a literature search using PubMed, EMBASE and Cochrane Library databases in February 
2017 with no restrictions. Two cohort studies and two cross-sectional studies were identified, involving a total of 5150 subjects 
(NAFLD: 1655; controls: 3495) in this meta-analysis. Data from selected studies were extracted and a meta-analysis was performed 
using a random effects model. 

Results: Nonalcoholic fatty liver disease patients had a significantly higher risk of AF compared to controls (relative risk (RR): 
2.61; 95% confidence interval (CI): 1.34–5.06, p = 0.00; I2 = 52.5%, p = 0.097). In a further analysis stratified by presence of type 2 
diabetes, the increased risk was present predominantly in patients with type 2 diabetes (RR = 5.10; 95% CI: 2.43–10.7, p < 0.001; 
I2 = 0, p = 0.958). However, subjects without type 2 diabetes were at slightly increased risk of AF but the relative risk did not reach 
statistical significance (RR = 1.68; 95% CI: 0.99–2.82, p = 0.05; I2 = 0, p = 0.461). 

Conclusions: Our meta-analysis suggested that ultrasound-diagnosed NAFLD patients have a significantly higher risk for AF 
after adjustment for numerous important clinical risk factors for AF. These results need to be confirmed in large prospective studies.

Key words: nonalcoholic fatty liver disease, nonalcoholic steatohepatitis, nonalcoholic cirrhosis, atrial arrhythmia, atrial fibril-
lation, atrial flutter.

Introduction
The last three decades have witnessed the prevalence 

of nonalcoholic fatty liver disease (NAFLD) rise with the 
growing epidemic of overweight and diabetes individuals 
in all countries, various age groups, ethnicities and races. 
According to the latest figures, NAFLD affects up to 35% 
of the general population and its prevalence increases to 
approximately 60% to 70% of persons with type 2 diabe-
tes, who are also at increased risk for the development 
of more severe forms of NAFLD, such as nonalcoholic ste-

atohepatitis (NASH), cirrhosis and hepatocellular carcino-
ma, making it a lethal disease [1–6].

Accumulating clinical and epidemiological evidence 
indicates that NAFLD is associated not only with liver-re-
lated morbidity and mortality but also with systematic 
disease, being a well-established risk factor of cardiovas-
cular diseases, coronary heart disease (CHD), abnormal-
ities of cardiac function and structure (e.g., heart failure, 
left ventricular dysfunction and hypertrophy), valvular 
heart disease (e.g., aortic valve sclerosis), arrhythmias 
and stroke [7–12]. Haddad et al. previously reported 
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a  meta-analysis and revealed that NAFLD patients had 
a  significantly higher risk for clinical cardiovascular 
events compared to those without (RR = 1.77) [13, 14].  
Nonalcoholic fatty liver disease and cardiovascular 
disease (CVD) share some risk factors including dys-
lipidemia, insulin resistance, obesity, diabetes, endo-
thelial dysfunction, inflammation and accelerated ath-
erosclerosis [15]. Furthermore, most of the risk factors for  
NAFLD patients are also independent risk factors for the 
development of atrial fibrillation. It has generally been 
assumed that NAFLD women have a  higher risk of AF, 
because they have multiple common risk factors and co-
morbidities described above.

The past few years have seen rapidly growing interest 
in testing this hypothesis. Many epidemiologic studies 
have investigated the link between NAFLD and long-term 
AF risk, but the results are surprisingly conflicting. There-
fore, we systematically reviewed all published studies 
assessing the risk of AF in patients with NAFLD and con-
ducted a meta-analysis.

Material and methods
Research objectives
The study endpoint was atrial fibrillation (AF). The 

diagnosis of AF was made on the basis of the surface 
standard 12-lead electrocardiogram (ECG) and medical 
history. A 24-h Holter monitor examination was not per-
formed. 

Search strategy
The meta-analysis was performed according to the 

PRISMA guidelines. We searched the PubMed, EMBASE 
and Cochrane Library databases from inception to Janu-
ary 2017 with no restrictions using the following terms in 
combination, as MeSH or Emtree terms and text words: 
“nonalcoholic fatty liver disease”, “nonalcoholic steato-
hepatitis”, “nonalcoholic cirrhosis”, “atrial arrhythmia”, 
“atrial fibrillation”, “atrial flutter”. We searched articles 
published in the English language and the references of 
the relevant studies were also searched.

Inclusion criteria
Cohort studies and cross-sectional studies published 

as original articles (case reports and reviews were exclud-
ed) were considered for inclusion if they met the follow-
ing criteria: (1) They presented estimates of relative risk 
(RR) and 95% confidence intervals (CIs) or reported data 
necessary to calculate these (i.e., variance, standard error 
or p-value of the significance of the estimate). (2) Iden-
tified studies had to be independent. In case of multiple 
reports on the same population or subgroup of popula-
tion, the most recent or comprehensive information was 
used. (3) Included studies were published in the English 
language. Studies without a control group were excluded.

Data abstraction and quality assessment
Two authors (Zhou YQ, Lai CL) independently re-

viewed all potentially eligible studies and extracted the 
data. Any disagreement or uncertainty was resolved by 
discussion and consensus. The following data were ex-
tracted from each study: first author’s name, publication 
year, geographical location, mean age, sample size, study 
design, proportions of women, total number of subjects, 
number of events, summary findings, confounding fac-
tors that were adjusted for in the analysis, and RR or 
hazard ratios with 95% CIs. When multiple effect esti-
mates were reported, we used the most comprehensively 
adjusted risk estimates. The Newcastle-Ottawa quality 
assessment scale (NOS) ranging from 0 to 9 points was 
used to assess the quality of identified studies based on 
the components of selection (0–4 points), comparabili-
ty (0–2 points), and exposure or outcome (0–3 points) 
and a  total score of seven or more was considered as 
a high-quality study [16].

Statistical analysis
When multiple effect estimates were reported, we 

used the most comprehensively adjusted risk estimates 
reported in the original manuscript for the meta-analy-
sis. When the actual RR was not available, we calculat-
ed the RR and 95% CIs using Stata (College Station, TX) 
version 13.0. Summary RRs (95% CI) were calculated by 
pooling the study-specific estimates using a random-ef-
fects model because significance heterogeneity was 
anticipated among studies. Pooled RRs were expressed 
with 95% CIs. Statistical heterogeneity was assessed us-
ing the I2 statistic, applying the following interpretation 
for I2: < 50% = low heterogeneity; 50–75% = moderate 
heterogeneity; > 75% = high heterogeneity. Subgroup 
analyses were conducted to investigate potential sources 
of between-study heterogeneity. An exclusion sensitivi-
ty analysis was included when necessary. The potential 
for publication bias was examined by the funnel plot. We 
used STATA, version 13.0 (Stata Corp, College Station, TX) 
for all analyses. Statistical tests were 2 sided and used 
a significance level of p < 0.05. 

Results
Study selection
With the search strategy, 91 citations were initially 

retrieved. After removal of the 6 duplicates, a  total of  
85 references were screened by title and abstracts. After 
screening, 40 studies were identified as potentially eligi-
ble and the full text was retrieved for detailed evaluation. 
Twenty articles with no relevant outcomes were excluded 
and 16 articles were excluded because they were review 
and case report, leaving four studies for final inclusion 
in the meta-analysis [17–21]. The study flow diagram is 
shown in Figure 1.
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Study characteristics
A  total of 5150 subjects (NAFLD: 1655; controls: 

3495) were included in the 4 eligible studies. The sam-
ple sizes ranged from 188 to 937 cases with NAFLD and 
from 119 to 2153 for controls. All studies were based in 
Europe. Two studies recruited subjects with type 2 dia-
betes. There were 2 population-based cohort studies and 
2 cross-sectional studies. Average follow-up duration 
ranged from 10 to 16.3 years. Adjusted RRs could be 
determined for all studies. Most risk estimates were ad-
justed for age, sex, body mass index (BMI), heart failure, 
serum creatinine, obesity, blood pressure (BP), impaired 
fasting glucose, dyslipidemia and so on. Study character-
istics are summarized in Table I.

Association of NAFLD and risk of AF
In the NAFLD group, there were a  total of 138 AF 

(8.34%), and in the non-NAFLD group, there were a  to-
tal of 129 AF (3.70%). Nonalcoholic fatty liver disease 
patients had a significantly higher risk of AF compared 
to controls (RR = 2.61; 95% CI: 1.34–5.06, p = 0.00) 
(Figure 2). Significant heterogeneity was present in the 
identified studies for the outcome of AF (I2 = 52.5%,  
p = 0.097). In a  further analysis stratified by presence 
of type 2 diabetes, the increased risk was present pre-
dominantly in patients with type 2 diabetes (RR = 5.10;  
95% CI: 2.43–10.7, p < 0.001). However, subjects with-
out type 2 diabetes were at slightly increased risk of AF 
but the relative risk did not reach statistical significance 
(RR = 1.68; 95% CI: 0.99–2.82, p = 0.05) (Figure 3). Fur-
thermore, in the subgroup analysis according to presence 

of type 2 diabetes, the significant heterogeneity disap-
peared both in patients with and those without type 2 
diabetes.

Visual inspection of the funnel plot suggested sym-
metry indicating no publication bias (data not shown). 
Publication bias was not assessed because of the pres-
ence of only four studies, which was far below the thresh-
old of ten studies needed for assessment of publication 
bias. Sensitivity analysis excluding one study at a  time 
confirmed, in direction and magnitude of statistical sig-
nificance, the results from the overall analysis, which 
suggested that the results of this study were statistically 
reliable. We did not conduct a meta-regression model to 
explore the source of between-study heterogeneity due 
to the limited number of studies. Fortunately, subgroup 
analysis detected the source of heterogeneity and the 
heterogeneity was removed.

Discussion
This meta-analysis assessed the role of NAFLD as detect-

ed by ultrasonography (which is a more accurate measure 
in sensitivity and specificity for the detection of moderate 
and severe steatosis of liver fat than serum transaminase 
levels) in predicting development of AF [22]. The major find-
ing of our study was that NAFLD patients have a significant-
ly higher risk for AF and the relative risk was extremely high 
in patients with type 2 diabetes even after adjustment for 
numerous clinical risk factors for AF. Six out of 10 deaths 
from cardiovascular disease can be prevented by a healthy 
life style and dealing with preexisting risk factors. Hence it 
is even more important that gastroenterologists who start 
seeing NAFLD especially complicated with diabetes at an 
earlier stage initiate risk mitigation treatments than cardiol-
ogists should be aware of AF.

A  systematic review and meta-analysis of seven 
cross-sectional studies, involving a total of 3497 subjects, 
suggested that NAFLD was strongly associated with in-
creased carotid-artery intimal medial thickness and an in-
creased prevalence of carotid atherosclerotic plaques [23]. 
Two previous meta-analyses from Haddad et al. showed 
that NAFLD was associated with increased risk of clinical 
cardiovascular disease, cardiovascular events and stroke, 
but they did not refer to the association between NAFLD 
and AF [13, 14]. Several studies have suggested that there 
were positive and independent associations between cir-
culating levels of liver enzymes (alanine aminotransferase 
(ALT), aspartate aminotransferase (AST) and g-glutamyl-
transpeptidase (γ-GT)) and the risk of AF in adult individ-
uals [19, 24–27]. A  prior published meta-analysis from 
Minhas et al. [28] indicated that the risk in NAFLD was 
significantly increased for AF (OR = 2.47), although only 
three studies met the inclusion criteria, involving a total 
of 1044 subjects in their meta-analysis. Another caution 
is that all three identified studies reported AF with I2 val-
ues of 60.9% (p = 0.078) for pooled data, indicating signif-

PubMed
N = 21

Embase 
N = 70

Figure 1. Study flow diagram. The flow diagram 
documents the flow of relevant study identifica-
tion and the selection process for review and final 
inclusion in the meta-analysis

A total of 91 citations were obtained for 
review of title and abstract

45 were not relevant  
and 5 were duplicates

36 studies were excluded:  
21 not relevant outcomes;  

16 review/case report/only abstract

Full text of the remaining 41 studies was 
retrieved for review

Our group had perfect agreement in 
selecting the 4 studies using the stated 

eligibility criteria

Cochrane library
N = 0
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Figure 2. Forest plot showing the association of NAFLD and risk of AF. The NAFLD patients had a significantly 
higher risk of AF compared to controls

Author	 Counts	 Location	 Sample	 RR (95% CI)	 Weight (%)

Karajamaki 2015	 37/249.56/709	 Finland	 958	 1.88 (1.03–3.44)	 34.63

Markus 2016	 23/937.23/2153	 Germany	 3090	 1.20 (0.43–3.36)	 22.42

Dauriz 2013	 40/188.46/514	 Italy	 702	 5.17 (2.05–13.02)	 25.05

Targher 2013	 38/281.4/119	 Italy 	 400	 4.96 (1.42–17.28)	 17.90

Overall (I2 = 52.5%, p = 0.097)			   2.61 (1.34–5.06)	 100.00
Note: weights are from random effects analysis.

	 0.1	 0.5	 1	 2	 5

Figure 3. Forest plot showing the subgroup analysis. In a further analysis stratified by presence of type 2 diabe-
tes, the increased risk was present predominantly in patients with type 2 diabetes. However, subjects without 
type 2 diabetes were at slightly increased risk of AF but the relative risk did not reach statistical significance

Author	 Counts	 Location	 Sample	 RR (95% CI)	 Weight (%)

No diabetes

Karajamaki 2015	 37/249.56/709	 Finland	 958	 1.88 (1.03–3.44)	 49.82

Markus 2016	 23/937.23/2153	 Germany	 3090	 1.20 (0.43–3.36)	 17.17

Subtotal (I2 = 0%, p = 0.461)			   1.68 (0.99–2.82)	 66.99

Diabetes

Dauriz 2013	 40/188.46/514	 Italy	 702	 5.17 (2.05–13.02)	 21.34

Targher 2013	 38/281.4/119	 Italy	 400	 4.96 (1.42–17.28)	 11.68

Subtotal (I2 = 0%, p = 0.958)			   5.09 (2.42–10.70)	 33.01

Heterogeneity between groups: p = 0.016

Overall (I2 = 52.5%, p = 0.097)			   2.42 (1.58–3.71)	 100.00

	 0.1	 0.5	 1	 2	 5
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Figure 4. Possible pathological mechanisms responsible for the association between NAFLD and increased risk 
of AF
HDL-C – high-density lipoprotein cholesterol, LDL – low-density lipoprotein, CRP – C-reactive protein, IL – interleukin, TNF – tumor necrosis factor,  
PAI-1 – plasminogen activator inhibitor-1.

Insulin resistance/ 
dysglycemia

Cardiac autonomic 
dysfunction

Structural and electrical 
remodeling

Inflammation oxidative 
stress

Hypertension

Thrombophilia
Atherogenic  
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↑ Inflammatory cytokines
↑ Insulin resistance
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↑ Glucose production
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↑ IL-6
↑ TNF-α

LV dysfunction
LV hypertrophy

Atrial arrhythmias

↑ Fibrinogen
↑ Factor VIII
↑ PAI-1

↑ Angiotensinogen
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↑ TGF-β

↑ Triglycerides
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Myocardial steatosis 
increased  
pericardial fat

icant between-study heterogeneity. However, the authors 
did not explore the source of heterogeneity. 

The increased risk was present predominantly in the 
diabetes group. What are the implications of the results? 
As a high-prevalence health problem, diabetes mellitus 
has long been recognized as a risk factor for AF as well as 
advancing age, hypertension and congestive heart fail-
ure in the Framingham study [29, 30]. Moreover, recent 
evidence points toward increased prevalence of AF in 
patients with diabetes. Potential reasons for this associ-
ation could be some shared pathogenic factors such as 
insulin resistance and hypertension. It has been previ-
ously shown that traditional risk factors for AF such as 
dyslipidemia, hypertension, and insulin resistance are 
more prevalent in NAFLD patients with diabetes than 
those without diabetes.

The underlying pathological mechanisms responsible 
for the association between NAFLD and increased risk of 
AF require further research. Whether this association is 
a causative one or whether these two entities just share 
common pathophysiologic mechanisms is unclear. Aside 
from shared traditional risk factors, experimental evi-

dence suggests that NAFLD itself, especially nonalcoholic 
cirrhosis, exacerbates systemic (or hepatic) insulin re-
sistance, causes atherogenic dyslipidemia, and releases 
a variety of pro-inflammatory, pro-coagulant and pro-fi-
brogenic mediators, e.g. C-reactive protein (CRP), inter-
leukin-6 (IL-6), tumor necrosis factor α (TNF-α), and oth-
er inflammatory cytokines that may play important roles 
in the pathophysiology of cardiac and arrhythmic com-
plications [8, 31–34]. Furthermore, NAFLD is a marker of 
ectopic fat accumulation in other tissues, especially in 
the myocardium and pericardium, which were associated 
with both increased left atrial dimensions and increased 
prevalence of AF [35–37] (Figure 4). 

The present meta-analysis has several limitations. 
First, our diagnosis of NAFLD was defined by ultraso-
nography (a method not able to detect fatty infiltration 
below 33%), but was not confirmed by liver biopsy or 
magnetic resonance imaging [38, 39]. This could have re-
sulted in misclassification bias where subjects with mild 
NAFLD could be classified as normal, which should have 
resulted in underestimation rather than overestimation 
of the risk of AF in NAFLD. Second, the included studies 
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did not report more precise data concerning atrial fibrilla-
tion (paroxysmal, persistent, chronic AF?). The diagnosis 
of AF was made on the basis of the surface standard 12-
lead electrocardiogram (ECG), and a 24-h Holter monitor 
examination was not performed, so it was not possible 
to detect all the AF cases, a fact that may indicate latent 
bias in this meta-analysis. Third, we observed significant 
heterogeneity in our meta-analysis and, due to the lim-
ited number of studies, a meta-regression model could 
not be conducted to explore heterogeneity. Fortunately, 
the heterogeneity disappeared in the subgroup analysis 
of diabetes.

Conclusions
Our meta-analysis suggested that ultrasound-diag-

nosed NAFLD patients have a  significantly higher risk 
for AF and the increased risk was present predominant-
ly in patients with type 2 diabetes after adjustment for 
numerous important clinical risk factors for AF. Further 
large prospective studies are needed to clarify which 
subgroups of subjects with NAFLD are at higher risk for 
AF and should focus on understanding the exact mech-
anisms for AF risk, on developing reliable tools for risk 
stratification, and ultimately on devising strategies to 
prevent AF event in subjects with NAFLD. During the in-
terim, it is even more important that gastroenterologists 
who start seeing NAFLD especially complicated with di-
abetes at an earlier stage initiate risk mitigation treat-
ments than cardiologists should be aware of AF.
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