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Abstract 

Background Heart failure is a leading cause of mortality and morbidity worldwide, and Atrial fibrillation (AF) 
is among many modifiable risk factors for heart failure. No estimates are available on the magnitude of the bur-
den of heart failure associated with AF, and this study estimated the global, regional, and national burdens associ-
ated with AF.

Methods We used the comparative risk assessment method to estimate the disease burden in terms of prevalence 
and years lived with disability (YLD). The population-attributable fraction for heart failure and AF was calculated 
from prevalence estimates of AF and the recalculated relative risks of heart failure associated with AF from a sys-
tematic review summarising the longitudinal association between AF and outcomes. The burden of heart failure 
was retrieved from the Global Burden of Disease database.

Results Globally, 2.6% (95% uncertainty interval 1.3 to 4.7%) of the burden of heart failure is associated with AF. 
This was 1.5 (95% UI 0.6 to 3.2) million people in 2019, a 49.8% increase from 1990. The highest prevalence 
was from South-East Asia, East Asia and Oceania. The highest YLD was estimated for Central Europe, Eastern Europe 
and Central Asia. High-income countries showed a sharp decline in the age standardised prevalence and YLD rates 
from 1990 to 2019.

Conclusion The burden of heart failure associated with AF has increased substantially over the past two decades 
despite the advances in AF management. However, falling prevalence and YLD rates of heart failure associated 
with AF in high-income countries over time indicate that reducing this burden is possible.

Keywords Heart failure, Atrial fibrillation, Global burden, Regional burden, National burden, Population attributable 
fraction

Background
Heart failure and atrial fibrillation (AF) emerged as two 
epidemics of cardiovascular disease during the last two 
decades [1]. In heart failure, a structural and/or func-
tional abnormality of the heart results in elevated intra-
cardiac pressures and/or inadequate cardiac output at 
rest and/or during exercise [2]. In 2019, approximately 
60 million people were living with heart failure globally, 
a 53% rise from 1990 [3]. Atrial fibrillation is a costly dis-
ease. In the United States alone, the annual number of 
hospitalisations with heart failure as a primary diagnosis 
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increased from 800,000 to more than 1 million from 1990 
to 1999 [4]. In 2007 alone, nearly $33 billion was spent 
on heart failure management in 2007 [5]. This steady 
increase in the number of patients with heart failure is 
mostly attributed to better management and survival of 
patients with myocardial infarction. However, it is impor-
tant to lessen the increasing burden of heart failure by 
controlling the risk factors.

Atrial fibrillation (AF), a supraventricular tachyar-
rhythmia with uncoordinated atrial electrical activation 
and, consequently, ineffective atrial contraction [6], is a 
condition associated with AF [7]. Although the causative 
relationship between AF and heart failure is not yet fully 
understood, a plausible rationale describing how AF may 
facilitate the progression of heart failure has been pro-
posed [8]. In AF, the increase in resting heart rate results 
in shorter diastolic filling time, reducing cardiac output 
and progressive heart failure. Tachycardia-related myo-
pathy induced by AF can contribute to this further. The 
first experimental model to examine heart failure and AF 
demonstrated that rapid atrial pacing led to low output 
heart failure [9]. Subsequent investigations proved that 
restoration of sinus rhythm could reverse heart failure 
[10–13]. More recent reviews also present evidence that 
AF precedes the later development of heart failure [14, 15]. 
Collectively, this evidence points out that AF could be con-
sidered as a risk factor for heart failure.

Atrial fibrillation negatively influences the prognosis 
with established heart failure [16] where some AF treat-
ment options are constrained. For example, anti-arrhyth-
mic drugs may be contraindicated or poorly tolerated [6]. 
Therefore, the co-existence of heart failure and AF pre-
sent a challenge to clinicians and often results in poor 
outcomes. This makes prevention of the occurrence or 
worsening of heart failure a critical goal in the manage-
ment of AF to improve clinical outcomes and, quality of 
life and reduce hospital-related costs for these patients. 
Although the two conditions have been well studied 
separately, there is a paucity of evidence regarding the 
epidemiology of heart failure associated with AF. Under-
standing the magnitude of the burden associated with 
this dual pathology could provide useful epidemiologi-
cal evidence on this potentially preventable global public 
health concern.

The burden of heart failure associated with AF has not 
been quantified in the Global Burden of Disease (GBD) 
or other national burdens of disease studies. This knowl-
edge gap prevents prioritised planning and resource 
allocation for heart failure associated with AF at global, 
regional, and national levels.

The first aim of our study was to summarise the lon-
gitudinal evidence of an association between AF and the 
later development of heart failure by redistributing study 

weights according to the quality of studies included in 
previous systematic reviews and meta-analyses [14]. The 
second aim was to estimate the burden of heart failure 
attributable to AF at global, regional, and national levels 
based on the estimates from the global burden of disease 
database [17].

Methods
We used the comparative risk assessment method previ-
ously used to estimate ischemic heart disease and stroke 
burdens attributable to exposure to long working hours 
[18]. Atrial fibrillation was treated as a risk factor for 
heart failure using counterfactual estimation and com-
parative risk assessment methods [19]. This involved 
comparing the current global health status with the 
theoretical minimum risk exposure level, assumed to be 
zero prevalence of AF. Population attributable fractions 
(PAFs) were estimated for global, regional, and national 
levels determined by the respective prevalence of AF and 
the relative risks (RRs) for AF and heart failure.

Estimation of the population‑attributable fraction
Prevalence of atrial fibrillation
The prevalence of AF was required as an input param-
eter in estimating the population-attributable fraction. 
We retrieved prevalence estimates from the Global Bur-
den of Disease 2019 study [3]. The GBD study estimated 
the age-standardised prevalence of atrial fibrillation of 
0.7 (95% UI 0.6 to 0.9) per 100 000 population using data 
from systematic reviews and DisMod-MR 2.1, a Bayesian 
meta-regression tool [20].

Relative risk estimates for AF and heart failure
Relative risk (RR) estimates were required as input 
parameters to calculate the population-attributable frac-
tion. Based on an existing systematic review and meta-
analysis [14], we recalculated the RR using a quality 
effects model [21, 22]. Relative risk estimates from eli-
gible studies published up to June 2016 were included. 
This existing systematic search identified retrospective 
(n = 1) and prospective (n = 5) cohort studies that exam-
ined the association between AF and heart failure. Stud-
ies reported effect sizes and 95% uncertainty intervals 
(UIs) comparing those with and without AF. The follow-
ing details were extracted for each study: study design, 
country, sample size, gender, method of AF ascertain-
ment, median follow-up period, and measurement of 
heart failure, as well as effect sizes and 95% UI, which are 
presented in s1 in the Supplementary material available 
online.

A quality effects meta-analytic model was used to 
pool the RR estimates for heart failure. This model is a 
modified version of the fixed-effects inverse variance 
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method, which gives greater weight to studies of higher 
quality and lower weight to studies of lower quality. This 
is achieved by calculating quality scores for each study 
[21, 22]. Heterogeneity was quantitatively assessed using 
Cochran’s Q and  I2 statistics to evaluate whether the 
pooled studies represent a homogeneous distribution of 
effect sizes.

The quality of studies was assessed using the Joanna 
Briggs Institute critical appraisal checklist for cohort 
studies [23]. This tool has been used in a previous sys-
tematic review and meta-analysis [24] and described in 
more detail in s2 in the Supplementary material. The 
quality assessment for each study is presented in Table 
S3 of the supplementary material. Weighted summary 
measures were computed using MetaXL version 5.3, a 
plugin package for Microsoft Excel [25]. Relative risks 
were chosen as the principal summary measure and the 
meta-analysis was then carried out using adjusted RR 
estimates. The final pooled RR was presented in tabular 
format in Table  1 for the RR estimate for AF and heart 
failure. In further analyses, pooled RR estimates were 
based on adjusted models, and quality effects models 
were used to calculate PAFs.

Calculation of population attributable fraction
The following formula was used to calculate PAFs [32].

Where “P” is the prevalence of AF and “RR” is the 
pooled relative risk of heart failure associated with AF 
from meta-analyses, adjusted for demographics, lifestyle 
risk factors and baseline cardiovascular problems or 
outcome measures at baseline. Population-attributable 
fractions for heart failure associated with AF at global, 
regional, and national levels for 1990 and 2019 were cal-
culated using the age-standardised AF prevalence for the 
respective levels and year. Thus, calculated population-
attributable fractions were used to estimate the burden of 
heart failure associated with AF at corresponding levels 
and years.

Computation of the burden of heart failure associated 
with AF
Population attributable fractions calculated as described 
above were then applied to estimate the burden of heart 
failure associated with AF at respective global, regional, 
and national levels, measured in terms of prevalence 
and years lived with disability (YLD). All estimates are 
reported at the global, regional, and national level, by all 
ages, for both sexes and the year 2019.

We estimated the global burden for heart failure asso-
ciated with AF for all ages and both sexes for 1990 and 
2019, as well as their percentage change for this period. 

PAF = P(RR − 1)/P(RR − 1)+ 1

These findings are presented as absolute counts with 95% 
uncertainty intervals for prevalence and YLDs and fur-
ther stratified 2019 global burden for heart failure asso-
ciated with AF by age groups and sex. These results are 
presented in age-sex pyramids for absolute counts and 
age-standardised rates for YLDs.

In assessing the regional burden, we calculated the 
age-standardised prevalence and YLD rates for the bur-
den of heart failure associated with AF, for both sexes, 
for 2019 and presented in a bar graph for the GBD super 
regions. In addition, we also analysed the time trends 
for prevalence and YLDs between 1990 and 2019 for 
each region, and these are presented in line graphs. The 
national burden was calculated using the country-level 
population attributable fraction to the burden of heart 
failure in terms of absolute counts and age-standardised 
YLD rated for each individual country and are presented 
in a world map.

Macro simulation-modelling techniques using MS 
Excel software were used to calculate uncertainty ranges 
around point estimates. In this technique, we produced 
10,000 iterations of AF prevalence and relative risk for 
AF and heart failure. This pair-wise distribution yielded 
a distribution of 10,000 iterations of respective burden 
values. We used the 2.5th and 97.5th values of this distri-
bution to reflect the lower and upper limits for the 95% 
uncertainty interval, respectively. This interval reflects 
the main sources of sampling uncertainty prevalence of 
AF and relative risks, in the calculations used. All input 
data and burden are provided in the Supplementary 
material.

Results
The pooled RR estimate based on quality effects model
The result of the meta-analysis for RR estimates for AF 
and heart failure is presented in Table 1. Individuals with 
AF had approximately four folds risk [RR = 4.45 (95% 
UI) 3.28 to 6.04] of developing heart failure compared to 
individuals without AF.

Population attributable fraction for heart failure associated 
with AF
For individuals with AF, the calculated PAF for heart fail-
ure for both sexes of all ages were 2.6% (95% UI 1.3 to 
4.7%). Overall, the burden of heart failure associated with 
AF accounted for 0.015% of all-cause YLD (95% UI 0.007 
to 0.031%) for both sexes and all ages globally in 2019.

Global burden of heart failure associated with AF
Despite the reductions in age-standardised rates for 
prevalence and YLDs, the absolute numbers for heart 
failure associated with AF have increased from 1990 to 
2019 (Table  2). In 2019, 1.5 million (95% UI 0.6 to 3.2) 
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people had developed heart failure associated with AF, 
and a 51.4% rise compared with 1990. Similarly, the 
YLD for AF-associated heart failure increased by 53.8% 
between 1990 and 2019.

The age standardised YLD rates for heart failure asso-
ciated with AF increased with age and peaked at the 
age of 90–94  years for both men and women (Fig.  1). 
The largest burden of YLDs in absolute numbers was in 
the age groups of 70–74  years for both sexes. This was 
10,426  years for males and 9,676  years for females. The 
supplementary material (Table S4) provides data under-
pinning these estimates.

Regional burden of heart failure associated with AF
Age-standardised prevalence and YLDs for heart failure 
associated with AF varied substantially between the GBD 
super regions (Fig. 2). For 2019, the highest age-standard-
ised prevalence rates per 100,000 population (24.9; 10.3 
to 56.3) was estimated for the region of Southeast Asia, 
East Asia, and Oceania. The lowest prevalence rate of 
7.2 (2.9 to 16.6) was estimated for Latin America and the 
Caribbean. The highest and lowest age standardised YLD 
rates per 100,000 population were from regions of Cen-
tral Europe, Eastern Europe and Central Asia (3.1; 1.0 to 
8.2) and South Asia (0.62; 0.2 to 1.7). The supplementary 
material (Table S5) provides data underpinning these 
estimates.

We also evaluated the time trends for age-stand-
ardised rates for prevalence and YLD for heart failure 
associated with AF per 100,000 population from 1990 
to 2019 for GBD super regions. High-income countries 
have been able to reduce both the prevalence (from 29.7 
to 23.2 per 100,000 population) and YLD (from 2.7 to 

2.1 per 100,000 population) during this period, while 
all other regions show either an increase or a marginal 
reduction for both prevalence and YLD for heart failure 
associated with AF (Fig.  3). Data underpinning these 
estimates are provided in the supplementary material 
(Tables S6 and S7).

National burden of heart failure associated with AF 
by country
We calculated the national burden for heart failure asso-
ciated with AF in terms of age standardised YLD rates 
per 100,000 population (Fig.  4). In 2019, United States 
had the highest YLD rates of 5.1 (1.9 to 12.2) per 100,000 
population, followed by Sweden (4.1; 1.4 to 10.9) and 
Canada (3.3; 1.1 to 8.6). Lowest rates were estimated for 
three Latin American countries-Bolivia (0.18; 0.06 to 
0.50), Peru (0.22; 0.07 to 0.61), and Ecuador (0.24; 0.08 to 
0.62). All relevant data are provided in the supplementary 
material (Table S8).

Discussion
The GBD study estimated that approximately 5 million 
YLDs for both sexes and all ages were globally attribut-
able to heart failure in 2019 [17]. We estimated the bur-
den of heart failure associated with AF at global, regional, 
and national levels. Our findings estimate 2.6% (95% UI 
1.3 to 4.7) of heart failure is associated with AF and that 
of all YLD for heart failure, 130,000 (40,000 to 340,000) 
YLD is associated with AF. This finding highlights the 
importance of appropriate allocation of healthcare and 
health research resources to mitigate the disease burden 
of heart failure and concomitant AF among people with 
heart failure.

Table 2 Absolute numbers and age-standardised rates of prevalence and years lived with disability (YLD) due to heart failure 
associated with atrial fibrillation in 1990, 2019, and percentage change globally for 1990–2019

ASR age-standardised rate, YLD years lived with disability
a Retrieved from the Global Burden of Diseases database
b Calculated within this study

Prevalence YLD

1990 2019 Percentage 
change 
1990–2019

1990 2019 Percentage 
change 
1990–2019

Atrial Fibrillationa

 absolute number, millions 28.3 (21.5 to 36.2) 59.7 (45.7 to 75.3) 52.6% 2.2 (1.4 to 3.2) 4.6 (2.9 to 6.7) 52.2%

 ASR per 100,000 population 775.9 (592.4 to 990.8) 743.5 (571.2 to 938.3) -4.3% 59.63 (37.3 to 87.4) 57.2 (36.1 to 83.0) -4.3%

Heart Failurea

 absolute number, millions 27.2 (22.2 to 33.3) 56.2 (46.4 to 67.8) 51.6% 2.4 (1.6 to 3.5) 5.0 (3.3 to 7.3) 52.0%

 ASR per 100,000 population 765.9 (626.3 to 936.0) 711.9 (591.1 to 858.3) -7.6% 68.6 (44.3 to 98.7) 63.9 (41.5 to 91.9) -7.3%

Heart Failure associated with Atrial Fibrillationb

 absolute number, millions 0.7 (0.3 to 1.6) 1.5 (0.6 to 3.2) 49.8% 0.06 (0.02 to 0.17) 0.1 (0.04 to 0.34) 49.8%

 ASR per 100,000 population 20.6 (12.8 to 30.7) 18.5 (11.6 to 27.9) -11.3% 1.8 (1.3 to 2.1) 1.7 (1.2 to 1.9) -9.9%
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The present study’s findings also indicate that the 
YLD due to heart failure associated with AF has 
increased by 49.8% from 1990 to 2019. The increase in 
these estimates may be attributable to genuine societal 
health changes, namely, more people living with heart 
failure and AF. This increase in estimates may also be 
attributable, in part, to better identification and diagno-
sis of concomitant AF and heart failure. These findings 
highlight the potential for reducing the overall disease 
burden of people living with heart failure through bet-
ter management of AF. Age-standardised rates were 
higher among males than females, and rates for both 
sexes progress with age, consistent with prior studies in 
the field [33].

Regional estimates for the burden of heart failure asso-
ciated with AF indicated substantial variation in terms 
of its prevalence and YLD. Southeast Asia, East Asia 

and Oceania have the highest prevalence of heart fail-
ure associated with AF, even though the burden of AF 
in this region is much lower than in high-income coun-
tries or Central Europe, Eastern Europe and Central Asia 
[34]. The mechanistic relationship between AF and heart 
failure is intricate and still not fully comprehended [8]. 
While some demographic factors such as age and associ-
ated comorbidities were accounted for in the analysis, it 
is likely that there are residual latent traits or unmeasured 
factors such as the duration, detection, and management 
of AF that could not be controlled for or explored within 
the scope of the present study. It is plausible that these 
unmeasured factors contribute, at least partially, to the 
inconsistent association between the prevalence of AF 
and the burden of AF-associated heart failure observed 
across different regions.

Fig. 1 Global YLD (a) absolute counts and (b) rates for heart failure associated with atrial fibrillation, by age group, by sex, for 2019

Fig. 2 Age standardised prevalence and YLD rates per 100,000 population due to heart failure associated with atrial fibrillation for both sexes, 
by GBD super region, for 2019
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Only high-income countries have been able to 
reduce the prevalence of heart failure associated with 
AF between 1990 and 2019. Greater awareness, early 

detection, improved access to specialist medical care 
and treatment, and increased investment are likely key 
factors that have contributed to the reduction in heart 

Fig. 3 Time trends for age-standardised (a) prevalence and (b) YLD rates for heart failure associated with atrial fibrillation per 100,000 population 
in GBD super regions, for both sexes and all ages, 1990–2019. YLD- years lived with disability, GBD—Global Burden of Diseases, Injuries, and Risk 
Factors Study

Fig. 4 Age-standardised YLD rates for heart failure associated with atrial fibrillation per 100,000 population, for both sexes, by country, for 2019
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failure prevalence, despite the higher prevalence of AF 
in high-income countries. Gaining a better understand-
ing of the underlying factors behind this reduction in AF-
associated heart failure would provide valuable insights 
and inform the potential for similar improvements to be 
achieved in other regions.

Regarding the burden of heart failure associated with 
AF in terms of YLD, high-income countries and Cen-
tral Europe, Eastern Asia and Central Asia region have 
the highest estimates. This is consistent with the higher 
AF prevalence in these regions, but also may reflect the 
longevity of patients with AF and heart failure in these 
regions. On the other hand, a reduction in YLD rates from 
1990 to 2019 was seen only in high-income countries. This 
reduction, considered with their similar reduction of prev-
alence for heart failure associated with AF, is most likely 
to be due to lowering the occurrence of heart failure in 
patients with AF, rather than a rise in their mortality rates. 
However, the burden of fatal cases for heart failure associ-
ated with AF could not be estimated as the independent 
parameter for years of life lost, which reflects fatal out-
comes of a disease, are not available for heart failure in the 
GBD database. The increase in the YLD for other regions 
could also be due to higher rate of AF diagnosis.

As AF is episodic and often asymptomatic, undi-
agnosed episodes of AF are common and can remain 
undiagnosed until or even after the development of com-
plications such as stroke, ischaemic heart disease and 
heart failure. It is estimated that approximately 10-40% 
of AF patients remained asymptomatic and undiagnosed 
even in developed countries such as Japan and the US 
[35, 36]. Asymptomatic patients with AF carry a higher 
risk of complications than those with recognised AF who 
are more likely to receive guideline-directed therapies. 
Therefore, it is likely that the estimates presented in this 
paper are conservative, and we are underestimating the 
true burden of heart failure associated with AF. Screen-
ing studies report varying rates of newly diagnosed AF, 
depending on the screening method and population risk 
factors [37]. However, research in this field has not yet 
demonstrated whether people with AF identified from 
screening practices have the same cardiovascular risks or 
benefits from standard treatments as people diagnosed 
with AF through conventional clinical encounters [37].

Strengths and limitations
There are several strengths of this study. The quality 
effects model allows quantifying studies according to 
sample size and by study quality, giving greater weight to 
studies of high quality. Furthermore, this study controlled 
for pre-existing cardiovascular disease problems using 
pooled RRs adjusted for baseline cardiovascular out-
comes to quantify PAFs. This protected against the risk 

of overestimating the disease burden as the continuation 
of pre-existing cardiovascular disease was adjusted for in 
the estimates. Finally, PAF estimates provide an oppor-
tunity to quantify the burden of heart failure that could 
be avoided by reducing AF prevalence through effective 
interventions designed to prevent and treat AF.

The current study also has limitations, which should 
be considered when interpreting the findings. Firstly, the 
pathophysiological relationship between AF and heart 
failure has been only partially elucidated [8], and no 
firm conclusions have yet been made. Therefore, further 
exploration of causal mechanisms of action between AF 
and heart failure remains an important topic for further 
research. Although this was an important consideration 
when deciding whether to apply the Comparative Risk 
Assessment method to estimate the disease burden of 
heart failure associated with AF, we relied on recent evi-
dence that supports the categorisation of heart failure as 
a complication of AF [10–15].

Being an episodic disease, a substantial proportion of AF 
remains undiagnosed [35, 36]. This is associated with dif-
ficulty in obtaining reliable epidemiological data and has 
implications for the use of PAF which may be impacted by 
underestimates of disease prevalence. Furthermore, epide-
miological data reported in prior literature vary depending 
on the location, study population and method of diagnosis. 
Therefore, use of PAF most likely underestimates the over-
all attributable burden of AF, resulting in underestimations 
of the disease burden from heart failure associated with 
AF. We tried to minimise the effect of this limitation by 
performing a meta-analysis of available studies to calculate 
the relative risk (RR) for AF and heart failure, and by using 
the pooled RR to calculate the PAF. However, we acknowl-
edge this limitation contributes to noteworthy uncertainty 
regarding the disease burden estimates.

Conclusion
Atrial fibrillation poses a significant burden to patients 
with heart failure and healthcare systems globally. By 
highlighting the extent of the disease burden of heart 
failure associated with AF, the present study illustrates 
the potential for health benefits that could arise from 
implementing effective programmes to prevent com-
plications of AF. In this study we examined disease 
burden using YLD; however, healthcare resource use 
and costs are another important element of societal 
burden that was beyond the scope of the present study 
but remains a priority for future research.
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