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A B S T R A C T   

Aims: Atrial fibrillation/atrial flutter (AF/AFL) is a critical public health issue worldwide, and its 
epidemiological patterns have changed over the decades. This work aimed to assess the global 
trends of AF/AFL and attributable risks from 1990 to 2019. 
Methods and results: The present study utilized data from the Global Burden of Disease Study 2019 
to examine the temporal trends, attributable risks, and projections of AF/AFL. The estimated 
annual percentage change (EAPC) and age-standardized rate (ASR) were employed for this pur-
pose. The findings revealed that in 2019, AF/AFL accounted for 4.72 million incident cases, 59.70 
million prevalent cases, 0.32 million deaths, and 8.39 million disability-adjusted life years 
(DALYs). Furthermore, the results indicated that males under 70 years of age had a higher 
incidence, prevalence, and DALYs than females, while the rates were similar for both genders 
between 70 and 74 years. However, this pattern was reversed in individuals over the age of 75, 
with females exhibiting a higher total incidence, prevalence, and DALYs than males. The age- 
standardized rates (ASRs) of prevalence, incidence, mortality, and DALYs increased with an in-
crease in the socio-demographic index (SDI). The three primary contributors to AF/AFL were high 
systolic blood pressure, high body-mass index, and smoking. Majority of risk factors exhibited a 
unimodal distribution, with a peak between the ages of 50 and 70. 
Conclusions: The disease burden of AF/AFL is still severe worldwide and getting worse. To 
encourage prevention and treatment, systematic regional surveillance of AF/AFL should be put in 
place.   

1. Introduction 

Atrial fibrillation/atrial flutter (AF/AFL) is the most prevalent type of cardiac arrhythmia [1–3]. Hospitalizations for AF/AFL have 
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increased yearly and are influenced by multiple factors, such as genetics, biological, and environmental variables [4]. Timely estimates 
of future trends, overall burden, and attributable risks are required to guide future health care resource allocation and planning for 
AF/AFL. 

Despite improvements and innovations in AF treatment, including anticoagulation and ablation, the global prevalence and inci-
dence of AF/AFL increased during the past three decades [4,5]. Even on optimal rhythm control and anticoagulation therapy, patients 
with AF are at a high risk of stroke, heart failure, and death, particularly progressive heart failure [6]. Moreover, the mortality and 
morbidity due to AF/AFL are increasing, expected to triple over the next three decades [7,8]. 

Additionally, there were significant differences in the prevalence and incidence of AF/AFL reported in various nations depending 
on several variables, including age, sex, body mass index (BMI), smoking, alcohol use, genetic condition, socioeconomic level, and 
education [5,9]. The reasons for the increase of AF/AFL burden remain incompletely understood [10,11], might include improved 
ability to detection, increased risk factors, and extended life expectancy due to enhanced medical treatment [12]. Comprehending the 
patterns and trends within the context of the evolving risk factors and forecasting future trends for AF/AFL incidence rates is 
imperative for the purposes of prevention, treatment, and resource allocation at the national level. However, there has been a lack of 
comprehensive analyses examining the long-term trend in AF/AFL rates globally. Therefore, we conducted a thorough investigation of 
historical temporal trends (1990–2019) and projected future trends (2019–2040) in AF/AFL incidence, prevalence, mortality, and 
disability-adjusted life years (DALYs) rates. Our objective was to shed light on temporal changes and geographical variations in both 
the past and future scenarios. 

Hence, a systematic understanding of the current epidemiology is required for prevention measures, management, and treatment of 
AF/AFL. Herein, we estimated the global and regional burden of AF/AFL in terms of their incidence, prevalence, death, and DALYs, as 
well as attributable risks from 1990 to 2019, using the updated data derived from the GBD Study. 

2. Methods 

2.1. Data source 

We retrieved data from the Global Burden of Disease (GBD) 2019 database using the Global Health Data Exchange (GHDx) query 
tool (http://ghdx.healthdata.org/gbd-results-tool). The incidence, prevalence, deaths, DALYs, and attributable risk factors of AF/AFL 
were extracted stratified by age, regions, sex, and countries. The GBD (2019) is hierarchically organized by geographic units or lo-
cations, including 204 countries grouped within 27 regions. 

The socio-demographic index (SDI) is a composite indicator of overall development based on fertility, education, and income [13]. 
SDI scores range from 0 (lowest level) to 1 (highest level). Based on SDI values in 2019, countries and territories were categorized into 
Low, Low-middle, Middle, Middle-high, and High SDI regions. Data on the Human Development Index (HDI) were calculated the 
United Nations Development Programme (http://hdr.undp.org/en/countries), which incorporates key dimensions of human devel-
opment: a long and healthy life, being knowledgeable, and having a decent standard of living. Using a cutoff value of 0.88, 21 
high-income countries and 22 middle- and low-income countries were divided into two categories based on HDI. 

2.2. Disease prediction model 

The Nordpred age-period-cohort (APC) model and the Bayesian age-period-cohort (BAPC) model uses integrated nested Laplace 
approximations (INLA) were used to predict the trends of global AF/AFL burden from 2020 to 2044. These two approaches have been 
well-documented and validated in previous studies [14,15]. The R package Nordpred, BAPC, and INLA was used to project AF/AFL 
incidence, prevalence, death, and DALYs. The rates were computed for each 5-year age group and 5-year interval in the calibrated 
age-period-cohort model. The average trend based on all available data was extrapolated out to the year 2044. Age-standardized rates 
per 100,000 person-years were calculated by the World Standard Population (WHO 2000–2005). Moreover, we set the reference range 
to facilitate the comparison of prediction, including the conservative, optimistic, and pessimistic estimates as the previous study 
described [16]. The Age Period Cohort Tool (http://analysistools.nci.nih.gov/apc/) was utilized to conduct the Age-Period-Cohort 
analysis. The BAPC models were constructed using the R packages INLA (www.r-inla.org) and BAPC (http://r-forge.r-project.org/). 

2.3. Statistical analyses 

We used the age-standardized rates (ASRs) to describe the AF/AFL burden, including the age-standardized rate of incidence (ASIR), 
the age-standardized rate of prevalence (ASPR), the age-standardized rate of death (ASDR), and the age-standardized rate of DALY 

(ASDALYR). The formula of ASR (per 100,000 populations) is calculated as: ASR =

∑A
i=1

aiwi
∑A

i=1
ai

× 100, 00. We further calculated the 

estimated annual percentage change (EAPC) to quantify and evaluate the trends in ASR. The EAPC was defined as: EAPC = 100 × (exp 
(β) 1). Its 95 % confidence interval (CI) can also be computed from a similar linear regression model. An upward ASR trend was 
observed when the EAPC and lower CI limit were positive. On the contrary, ASR shows a downward trend when the EAPC and upper CI 
limit are negative. The ASR was deemed to be stable over time. Additionally, the correlation between EAPCs and ASRs as well as SDI in 
different countries was evaluated respectively by a Pearson correlation analysis. Additionally, the population attributable proportion 
fraction (PAF) is the estimated fraction of all cases attributable to exposure to a risk factor [17]. 

Q. Ma et al.                                                                                                                                                                                                             

http://ghdx.healthdata.org/gbd-results-tool
http://hdr.undp.org/en/countries
http://analysistools.nci.nih.gov/apc/
http://www.r-inla.org
http://r-forge.r-project.org/


Heliyon10(2024)e24052

3

Table 1 
Incidence, deaths, and DALYs ▣for ischemic heart disease in 2019 and age-standardized prevalence rates (ASRS) per 100,000 people and EAPCs from 1990 to 2019.   

Incidence Death DALYs 

2019 1990–2019 2019 1990–2019 2019 1990–2019 

Number, × 103 (95 
% UI) 

ASR/100,000 
(95 % UI) 

Percentage (%) EAPC (95% 
CI) 

Number, × 103 (95 
% UI) 

ASR/100,000 
(95 % UI) 

Percentage (%) EAPC (95% 
CI) 

Number, × 103 (95 
% UI) 

ASR/100,000 
(95 % UI) 

Percentage (%) EAPC (95% 
CI) 

Global 4720.32 
(3644.33–5961.6) 

57.09 
(44.07–71.9) 

104.03 
(100.27–108.76) 

0.05 (− 0.02 
to 0.13) 

8393.64 
(6693.98–10541.46) 

107.13 
(86.18–133.73) 

121.59 
(111.51–131.96) 

− 0.03 
(− 0.06 to 0) 

8393.64 
(6693.98–10541.46) 

107.13 
(86.18–133.73) 

121.59 
(111.51–131.96) 

− 0.03 
(− 0.06 to 0) 

Sex 
Male 2376.46 

(1837.67–3010.75) 
60.82 
(47.14–76.29) 

102.18 
(96.59–108.53) 

0.01 (− 0.07 
to 0.09) 

3956.02 
(3087.37–5050.02) 

114.15 
(90.08–144.12) 

124.3 
(110.27–137.46) 

− 0.02 
(− 0.06 to 
0.02) 

3956.02 
(3087.37–5050.02) 

114.15 
(90.08–144.12) 

124.3 
(110.27–137.46) 

− 0.02 
(− 0.06 to 
0.02) 

Female 2343.86 
(1796.33–2973.62) 

53.5 
(41.09–67.72) 

105.94 
(102.2–110.34) 

0.1 
(0.03–0.08) 

4437.62 
(3574.32–5539.38) 

100.96 
(81.3–125.99) 

119.23 
(105.83–132.27) 

− 0.04 
(− 0.06 to 
− 0.01) 

4437.62 
(3574.32–5539.38) 

100.96 
(81.3–125.99) 

119.23 
(105.83–132.27) 

− 0.04 
(− 0.06 to 
− 0.01) 

Socio-demographic index 
High SDI 1235.2 

(976.18–1518.13) 
69.22 
(55.37–85.18) 

67.11 
(59.85–76.21) 

0.26 
(0.09–0.44) 

2517.23 
(2012.61–3144.01) 

122.64 
(97.3–153.57) 

84.92 
(74.37–94.56) 

0.03 (− 0.05 
to 0.11) 

2517.23 
(2012.61–3144.01) 

122.64 
(97.3–153.57) 

84.92 
(74.37–94.56) 

0.03 (− 0.05 
to 0.11) 

High- 
middle 
SDI 

1194.91 
(912.92–1531.24) 

57.97 
(44.57–74.2) 

82.23 
(77.1–87.67) 

− 0.12 
(− 0.15 to 
− 0.09) 

2214.11 
(1734.63–2823.35) 

110.21 
(86.73–140.14) 

99.7 
(90.71–108.04) 

− 0.25 
(− 0.28 to 
− 0.23) 

2214.11 
(1734.63–2823.35) 

110.21 
(86.73–140.14) 

99.7 
(90.71–108.04) 

− 0.25 
(− 0.28 to 
− 0.23) 

Middle SDI 1347.02 
(1024.38–1717.86) 

54.27 
(41.16–69.05) 

149.1 
(144.12–154.43) 

0.14 
(0.08–0.2) 

2113.47 
(1653.61–2694.93) 

97.9 
(78.07–122.72) 

183.43 
(164.52–202.78) 

0.17 
(0.14–0.2) 

2113.47 
(1653.61–2694.93) 

97.9 
(78.07–122.72) 

183.43 
(164.52–202.78) 

0.17 
(0.14–0.2) 

Low-middle 
SDI 

733.95 
(558–935.19) 

54.72 
(41.51–69.76) 

135.13 
(128.44–143.14) 

0.08 
(0.06–0.09) 

1173.89 
(929.51–1468.08) 

101.01 
(81.22–123.92) 

178.66 
(154.12–208.38) 

0.34 
(0.32–0.37) 

1173.89 
(929.51–1468.08) 

101.01 
(81.22–123.92) 

178.66 
(154.12–208.38) 

0.34 
(0.32–0.37) 

Low SDI 207.39 
(158.05–265.31) 

41.97 
(31.77–53.69) 

116.08 
(111.72–121.25) 

0.12 
(0.11–0.12) 

370.88 
(291.5–456.05) 

91.91 
(71.89–111.57) 

148.71 
(125.67–178.17) 

0.3 
(0.27–0.33) 

370.88 
(291.5–456.05) 

91.91 
(71.89–111.57) 

148.71 
(125.67–178.17) 

0.3 
(0.27–0.33) 

Regions 
Andean 

Latin 
America 

8.08 (6.05–10.36) 14.84 
(11.11–19.17) 

217.7 
(204.89–232.74) 

0.43 
(0.35–0.52) 

33.84 (28.08–40.06) 63.61 
(52.67–75.22) 

200.65 
(151.71–262) 

0.11 
(0.04–0.18) 

33.84 (28.08–40.06) 63.61 
(52.67–75.22) 

200.65 
(151.71–262) 

0.11 
(0.04–0.18) 

Australasia 42.63 (32.4–54.82) 90.39 
(69.71–114.51) 

82.74 
(73.95–91.76) 

− 0.24 
(− 0.3 to 
− 0.19) 

89.7 (71.28–113.67) 168.28 
(132.54–214.32) 

112.46 
(101.43–126.39) 

− 0.36 
(− 0.39 to 
− 0.34) 

89.7 (71.28–113.67) 168.28 
(132.54–214.32) 

112.46 
(101.43–126.39) 

− 0.36 
(− 0.39 to 
− 0.34) 

Caribbean 15.39 (11.49–19.9) 29.72 
(22.18–38.44) 

106.09 
(100.58–112.45) 

0.07 
(0.06–0.08) 

43.2 (36.15–51.75) 83.27 
(69.65–99.83) 

130.31 
(108.67–154.53) 

0.19 
(0.13–0.25) 

43.2 (36.15–51.75) 83.27 
(69.65–99.83) 

130.31 
(108.67–154.53) 

0.19 
(0.13–0.25) 

Central Asia 51 (38.43–65.52) 64.77 
(49.64–82.66) 

69.26 
(62.84–75.91) 

0.1 
(0.09–0.12) 

81.52 
(63.51–104.68) 

138.35 
(109.64–176.31) 

76.95 
(59.5–92.05) 

0.82 
(0.76–0.88) 

81.52 
(63.51–104.68) 

138.35 
(109.64–176.31) 

76.95 
(59.5–92.05) 

0.82 
(0.76–0.88) 

Central 
Europe 

142.51 
(108.56–183.04) 

70.59 
(54.18–89.82) 

29.5 
(23.1–35.84) 

0.02 (− 0.06 
to 0.11) 

302.86 
(237.3–385.69) 

136.04 
(106.47–173.32) 

60.79 
(50.19–71.63) 

0.07 
(0.01–0.12) 

302.86 
(237.3–385.69) 

136.04 
(106.47–173.32) 

60.79 
(50.19–71.63) 

0.07 
(0.01–0.12) 

Central 
Latin 
America 

73.69 
(55.67–95.27) 

31.77 
(23.84–41.21) 

194.49 
(187.24–203.42) 

0.01 
(0–0.02) 

185.65 
(152.66–228.15) 

82.84 
(68.32–101.95) 

230.92 
(201.51–260.23) 

− 0.01 
(− 0.05 to 
0.04) 

185.65 
(152.66–228.15) 

82.84 
(68.32–101.95) 

230.92 
(201.51–260.23) 

− 0.01 
(− 0.05 to 
0.04) 

Central Sub- 
Saharan 
Africa 

16.18 
(12.34–20.97) 

32.22 
(24.45–41.46) 

130.74 
(118.99–144.75) 

− 0.1 
(− 0.12 to 
− 0.09) 

40.76 (28.8–53.88) 104.25 
(72.95–138.1) 

150.09 
(100.07–203.36) 

0.14 
(0.07–0.2) 

40.76 (28.8–53.88) 104.25 
(72.95–138.1) 

150.09 
(100.07–203.36) 

0.14 
(0.07–0.2) 

East Asia 1202.91 
(907.84–1545.47) 

57.4 
(43.67–72.99) 

159.55 
(152.97–167.51) 

0.16 
(0.04–0.28) 

1793.19 
(1356.4–2304.89) 

96.78 
(75.08–122.56) 

173.95 
(148.95–198.48) 

− 0.05 
(− 0.13 to 
0.03) 

1793.19 
(1356.4–2304.89) 

96.78 
(75.08–122.56) 

173.95 
(148.95–198.48) 

− 0.05 
(− 0.13 to 
0.03) 

Eastern 
Europe 

253.92 
(193.15–325.65) 

74.4 
(57.18–95.28) 

31.02 
(27.33–35.04) 

0.35 
(0.32–0.38) 

481.41 
(368.86–621.28) 

136.59 
(104.82–177.07) 

52.07 
(43.7–60.86) 

0.36 
(0.28–0.43) 

481.41 
(368.86–621.28) 

136.59 
(104.82–177.07) 

52.07 
(43.7–60.86) 

0.36 
(0.28–0.43) 

(continued on next page) 
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Table 1 (continued )  

Incidence Death DALYs 

2019 1990–2019 2019 1990–2019 2019 1990–2019 

Number, × 103 (95 
% UI) 

ASR/100,000 
(95 % UI) 

Percentage (%) EAPC (95% 
CI) 

Number, × 103 (95 
% UI) 

ASR/100,000 
(95 % UI) 

Percentage (%) EAPC (95% 
CI) 

Number, × 103 (95 
% UI) 

ASR/100,000 
(95 % UI) 

Percentage (%) EAPC (95% 
CI) 

Eastern Sub- 
Saharan 
Africa 

30.35 
(23.23–38.67) 

19.89 
(15.18–25.61) 

126.4 
(120.92–133.08) 

0.16 
(0.1–0.23) 

94.3 (66.63–115.07) 77.09 
(53.33–94.33) 

131.25 
(94.07–179.12) 

0.18 
(0.1–0.27) 

94.3 (66.63–115.07) 77.09 
(53.33–94.33) 

131.25 
(94.07–179.12) 

0.18 
(0.1–0.27) 

High- 
income 
Asia 
Pacific 

77.9 (59.59–99.92) 21.12 
(16.28–27.19) 

41.58 
(33.08–53.61) 

− 1.58 
(− 1.91 to 
− 1.24) 

265.23 
(212.78–329.1) 

53.53 
(43.1–66.58) 

112.54 
(93.78–131.87) 

− 1.06 
(− 1.22 to 
− 0.91) 

265.23 
(212.78–329.1) 

53.53 
(43.1–66.58) 

112.54 
(93.78–131.87) 

− 1.06 
(− 1.22 to 
− 0.91) 

High- 
income 
North 
America 

675.44 
(539.47–822.53) 

108.53 
(87.59–131.44) 

100.72 
(84.39–120.48) 

1.33 
(0.95–1.72) 

1059.27 
(837.81–1336.17) 

160.18 
(125.7–202.67) 

105.83 
(92.46–117.79) 

0.89 
(0.71–1.07) 

1059.27 
(837.81–1336.17) 

160.18 
(125.7–202.67) 

105.83 
(92.46–117.79) 

0.89 
(0.71–1.07) 

North Africa 
and 
Middle 
East 

173.92 
(133–221.69) 

41.93 
(31.66–53.56) 

158.63 
(152.79–166.11) 

− 0.08 
(− 0.11 to 
− 0.05) 

290 (229.1–361.79) 81.61 
(65.1–100.78) 

171.11 
(148.36–207.34) 

0.01 (− 0.01 
to 0.04) 

290 (229.1–361.79) 81.61 
(65.1–100.78) 

171.11 
(148.36–207.34) 

0.01 (− 0.01 
to 0.04) 

Oceania 3.97 (3–5.1) 59.26 
(44.94–75.2) 

144.18 
(134.03–155.14) 

0.07 
(0.05–0.09) 

6.58 (5.07–8.43) 116.58 
(91.06–148.01) 

159.14 
(131.64–190.33) 

0.23 
(0.22–0.25) 

6.58 (5.07–8.43) 116.58 
(91.06–148.01) 

159.14 
(131.64–190.33) 

0.23 
(0.22–0.25) 

South Asia 851.08 
(645.14–1089.23) 

61.37 
(46.53–78) 

160.6 
(150.97–170.86) 

0.06 
(0.06–0.07) 

1257.58 
(971.3–1609.1) 

106.05 
(82.89–132.86) 

208.62 
(173.69–248.48) 

0.26 
(0.22–0.31) 

1257.58 
(971.3–1609.1) 

106.05 
(82.89–132.86) 

208.62 
(173.69–248.48) 

0.26 
(0.22–0.31) 

Southeast 
Asia 

378.09 
(288.27–482.01) 

62.77 
(47.54–79.6) 

150.92 
(147.4–155.2) 

0.09 
(0.08–0.1) 

544.42 
(417.74–695.21) 

105.7 
(82.22–133.52) 

178.9 
(159.19–201.73) 

0.37 
(0.34–0.4) 

544.42 
(417.74–695.21) 

105.7 
(82.22–133.52) 

178.9 
(159.19–201.73) 

0.37 
(0.34–0.4) 

Southern 
Latin 
America 

34.68 
(26.26–44.62) 

41.8 
(31.8–53.39) 

83.47 
(76.44–91.15) 

0.07 
(0–0.14) 

86.62 (71.63–107.6) 100.95 
(83.35–125.77) 

113.53 
(100.39–129.23) 

0.18 
(0.13–0.22) 

86.62 (71.63–107.6) 100.95 
(83.35–125.77) 

113.53 
(100.39–129.23) 

0.18 
(0.13–0.22) 

Southern 
Sub- 
Saharan 
Africa 

20.37 
(15.61–26.06) 

37.09 
(28.17–47.62) 

104.61 
(100.79–108.38) 

− 0.02 
(− 0.03 to 
− 0.01) 

36.88 (30.13–45.19) 79.24 
(65.78–95.69) 

120.02 
(106.49–134.44) 

0.36 
(0.24–0.48) 

36.88 (30.13–45.19) 79.24 
(65.78–95.69) 

120.02 
(106.49–134.44) 

0.36 
(0.24–0.48) 

Tropical 
Latin 
America 

107.86 
(81.58–138.99) 

44.8 
(33.81–57.84) 

184.22 
(175.54–196.28) 

0.55 
(0.39–0.7) 

235.08 
(193.67–285.76) 

102.34 
(84.28–124.34) 

221.32 
(191.27–238.41) 

0.52 
(0.4–0.64) 

235.08 
(193.67–285.76) 

102.34 
(84.28–124.34) 

221.32 
(191.27–238.41) 

0.52 
(0.4–0.64) 

Western 
Europe 

495.12 
(378.48–631.5) 

63.01 
(48.37–79.79) 

22.91 
(20.34–25.85) 

− 0.36 
(− 0.39 to 
− 0.32) 

1347.22 
(1087.69–1676.38) 

132.81 
(105.93–168.11) 

56.51 
(43.58–67.42) 

− 0.19 
(− 0.22 to 
− 0.16) 

1347.22 
(1087.69–1676.38) 

132.81 
(105.93–168.11) 

56.51 
(43.58–67.42) 

− 0.19 
(− 0.22 to 
− 0.16) 

Western 
Sub- 
Saharan 
Africa 

65.22 
(49.91–83.72) 

36.01 
(27.33–46.19) 

117.32 
(111.71–123.8) 

0.05 
(0.01–0.08) 

118.34 
(94.72–145.56) 

86.19 
(70–103.25) 

119.3 
(80.73–147.37) 

0.08 
(0.05–0.1) 

118.34 
(94.72–145.56) 

86.19 
(70–103.25) 

119.3 
(80.73–147.37) 

0.08 
(0.05–0.1)  
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The R-statistical software was used for data analysis and visualization (R version 4.2.0). A two-sided P value of less than 0.05 was 
considered statistically significant. 

3. Results 

3.1. Trends in incidence of AF/AFL 

Globally, the incident number of AF/AFL in 2019 had a progressive increase of 104.03 % since 1990 with an estimated 4.72 million 
(95 % UI, 3.64 to 5.96). There were 2.38 million males (95 % UI, 1.84 to 3.01) and 2.34 million females (95 % UI, 1.80 to 2.97) 
(Table 1). In 2019, the incident cases increased with age, peaked at 65–69 years. Notably, compared with females, males had more 
incident cases under 65 years, similar at 65–69 years and less above 70 years (Fig. 1A). After standardized for age, the age-standardized 
incident rate (ASIR) increased globally and showed an upward trend from 1990 to 2019, with an EAPC of 0.05 (95 % UI, − 0.02 to 0.13) 
(Table 1). Compared with females, males had higher ASIR (males:60.82; 95 % UI, 47.14 to 76.29; females:53.5; 95 % UI, 41.09 to 
67.72) but significantly lower EAPC (males:0.01; 95 % UI, − 0.07 to 0.09; females:0.1; 95 % UI, 0.03 to 0.08) (Table 1). 

Regarding SDI level analysis, in 2019, the Middle SDI region displayed the highest number of cases (1.35 million; 95 % UI, 1.02 to 
1.72). The High SDI region displayed the highest ASIR in 2019 (69.22; 95 % UI, 55.37 to 85.18), and presented the largest upward 
trend of ASIR (EAPC, 0.26; 95 % UI, 0.09 to 0.44). However, the Low SDI region had the lowest ASIR of 41.97 (95 % UI, 31.77 to 53.69) 
and High-middle SDI region presented a declining trend (EAPC, − 0.12; 95 % UI, − 0.15 to − 0.09) (Table 1; Supplementary Fig. 1A). 

In regions, the incident number was most in East Asia (1.2 million; 95 % UI, 0.91 to 1.55) and least in Oceania (0.004 million; 95 % 
UI, 0.003 to 0.005 million). High-income North America displayed the highest ASIR of 108.53 (95 % UI, 87.59 to 131.44), with the 
largest increase trend by an EAPC of 1.33 (95 % UI, 0.95 to 1.72). From 1990 to 2019, only six regions (Australasia, Central Sub- 
Saharan Africa, North Africa and the Middle East, High-income Asia Pacific, Southern Sub-Saharan Africa, and Western Europe) 
showed declining trends of ASIR (Table 1). 

At the national level, China had the highest number of incident cases of AF/AFL (1.17 million), followed by India (0.70 million) and 
the USA (0.61 million) (Supplementary Table 2). However, the United Arab Emirates had the highest increased percentage of cases 
(840.96 %), while Georgia had the highest percentage of cases with a decrease (− 6.33 %) (Fig. 2A). United States of America had the 

Fig. 1. The numbers and ASRs of incidence (A), prevalence(B) death (C), and DALYs (D) of AF/AFL by age and sex in 2019. Shading indicates the 
upper and lower limits of the 95 % uncertainty intervals (95 % UI). Male (blue), female (yellow), AF/AFL, atrial fibrillation/atrial flutter; DALYs, 
disability-adjusted life-year; ASRs, age-standardized rates (per100,000 population). (For interpretation of the references to colour in this figure 
legend, the reader is referred to the Web version of this article.) 
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Fig. 2. The percentage changes (A), ASRs (B), and EAPCs (C) of AF/AFL incidence at the national level between 1990 and 2019. AF/AFL, atrial 
fibrillation/atrial flutter; ASR, age-standardized rate. EAPC, estimated annual percentage change. 
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Fig. 3. The association between EAPCs and ASRs of incidence (A), prevalence (B), death (C), and DALYs (D) of AF/AFL in 1990 at the national level. 
The association between EAPCs and HDI of incidence (E), prevalence (F), death (G) and DALYs (H) of AF/AFL in 2019 at the national level. The 
circles represent countries that were available on SDI and HDI data. The size of the circle represents the number of AF/AFL patients. AF/AFL, atrial 
fibrillation/atrial flutter; DALYs, disability-adjusted life-year; ASRs, age-standardized rates (per100,000 population); SDI, socio-demographic index; 
HDI, human development index; EAPC, estimated annual percentage change. 
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highest ASIR (109.5; 95 % UI, 89 to 131.9), while Bolivia had the lowest ASIR (14.4, 95 % UI: 10.70 to 18.7) (Fig. 2B). Additionally, 
ASIR rose more quickly in the United States than in any other nation (EAPC, 1.51, 95 % CI: 1.07 to 1.95) and fell most quickly in Japan 
(EAPC, − 2.01; 95 % CI, − 1.6 to-2.42) (Fig. 2C; Supplementary Table 2). 

EAPCs had a non-significant correlation with the ASIRs in 1990 (ρ = − 0.08, p = 0.22; Fig. 3A), and had a negative association with 
HDI (ρ = − 0.17, p = 0.02; Fig. 3E). 

3.2. Trends in prevalence of AF/AFL 

From 1990 to 2019, the global AF/AFL prevalence increased by 111.04 % and reached 59.70 million (95 % UI, 45.73 to 75.29). 
Globally, the ASR of prevalence (ASPR) on AF/AFL was 743.47 (95 % UI, 571.16 to 938.34) and displayed an increasing trend from 
1990 to 2019, with the EAPC of 0.01 (95 % UI, − 0.06 to 0.08). In 2019, the prevalent cases increased with age, peaked at 70–74 years. 
Notably, compared with females, males had more prevalent cases under 70 years, similar cases at 70–74 years and less cases above 74 
years (Fig. 1B). From 1990 to 2019, despite the total prevalent number was similar between males (30.28 million; 95 % UI, 23.42 to 
38.33) and females (29.41 million; 95 % UI, 22.42 to 37.34), the trend of ASPR increased in females (EAPC, 0.05; 95 % CI, − 0.02 to 
0.12), but decreased in males (EAPC, − 0.05; 95 % CI, − 0.12 to 0.03) (Supplementary Table 1). 

In 2019, the highest ASPR was observed in High SDI regions (895.72; 95 % CI, 707.83 to 1104.92). In contrast, the lowest 
prevalence was observed in the Low SDI region (514.2; 95%CI, 390.12 to 658.39) (Supplementary Table 1; Supplementary Fig. 1B). 
The EAPC of ASPR was largest in the Middle SDI region (0.19, 95 % UI, 0.13 to 0.25), but lowest in High-middle SDI region (− 0.14, 95 
% UI, − 0.16 to − 0.12 %) (Supplementary Table 1). 

In terms of regions, High-income North America showed the highest ASPR (1322.15; 95 % CI, 1074.86 to 1600.72) and the 
increasing trend of ASPR (EAPC, 1.21; 95 % UI, 0.86 to 1.55). Conversely, Andean Latin America displayed the lowest ASPR (158.15, 
95 % UI, 119.61 to 202.13), and High-income Asia Pacific displayed the most significant decline with an EAPC of − 1.31 (95 % UI, 
− 1.62 to − 1) (Supplementary Table 1). 

Nationally, China had the highest number of prevalent cases of AF/AFL (13.88 million), followed by India (8 million) and the USA 
(7.73 million). However, Georgia experienced the largest declining prevalence (− 1.52 %), and the United Arab Emirates had the 
largest increasing prevalence cases (796.17 %). The United States of America had the highest ASPR (1331.4; 95%UI, 1088.7 to 1608), 
whereas Bolivia had the lowest ASPR (151.8, 95 % UI, 115 to 197.6). In addition, ASPR rose more quickly in the United States than in 
other countries (EAPC,1.35, 95 % CI, 0.96 to 1.74) and fell most rapidly in Japan (EAPC, − 1.62; 95 % CI, − 1.25 to − 1.98) (Sup-
plementary Table 3). 

EAPCs had a non-significant correlation with the ASPR s in 1990 (ρ = − 0.11, p = 0.1; Fig. 3B), and had a negative association with 
HDI (ρ = − 0.12, p = 0.09; Fig. 3F). 

3.3. Trends in death due to AF/AFL 

With an increase of 169.43 % from 1990, there were 0.32 million deaths (95 % UI 0.37 to 0.36) attributable to AF/AFL in 2019 
(Table 1). The overall age-standardized death rate (ASDR) was 4.38 (95 % UI, 3.7 to 5.05) in 2019, and presented an upward tendency 
from 1990 to 2019 (EAPC, 0.04; 95%CI, 0.02 to 0.06) (Table 1). In 2019, the deaths steadily rose with age, peaked at above 85 years 
old, and females had more deaths than males (Fig. 1C). From 1990 to 2019, females (4.4; 95 % UI, 3.65 to 5.11) had similar ASDR with 
males (4.13; 95 % UI, 3.23 to 5.37), but the trend of ASDR decreased in females (EAPC, − 0.01; 95 % UI, − 0.03 to 0.02) and increased in 
males (EAPC, 0.15; 95 % UI, − 0.13 to 0.17) (Table 1). 

All five SDI regions had a rise in the number of AF/AFL-related deaths, but the Low-Middle SDI region saw the highest increase, by 
264.46 %. The ASDR was highest in High SDI region (4.61, 95 % UI, 3.67 to 5.52) and lowest in Middle SDI region (4.11,95 % UI, 3.5 to 
4.75) (Table 1; Supplementary Fig. 1C). Increasing trends of ASDR were seen in most SDI regions, particularly in the Low-middle SDI 
region (EAPC, 0.61; 95 % UI, 0.55 to 0.67). Only the High-middle SDI region displayed a declining ASDR trend (EAPC, − 0.25; 95 % UI, 
− 0.32 to − 0.18) (Table 1). 

Regionally, South Asia experienced the most significant increase in AF/AFL (318.37 %) and an increasing trend of ASDR (EAPC, 
0.59; 95 % UI, 0.47 to 0.71). In addition, most GBD regions had increasing trends of ASDR, only four regions—Australasia, Central 
Latin America, East Asia, and High-Income Asia Pacific—displayed a decreasing trend (Table 1). 

Nationally, China had the largest number of death cases (0.05 million) and the largest increase (218.43 %), followed by the USA 
(0.03 million). When standardized for age, Montenegro had the highest ASDR (14.4; 95%UI, 11.3 to 19.4), whereas Singapore had the 
lowest ASDR (2, 95 % UI, 1.4 to 2.4). Besides, ASDR rose more quickly in Uzbekistan than other countries (EAPC, 4.58, 95 % CI: 4.23 to 
4.94) and fell most rapidly in Guam (EAPC, − 2.37; 95 % CI, − 1.87 to − 2.87) (Supplementary Table 4). 

EAPCs had a negative relationship with the ASDR s in 1990 (ρ = − 0.31, p < 0.001; Fig. 3C) and had a negative association with HDI 
(ρ = − 0.26, p < 0.001; Fig. 3G). 

3.4. Trends in DALYs due to AF/AFL 

In 2019, there were 8.39 million (95 % UI 6.69 to 10.54) DALYs due to AF/AFL, with an increase of 121.59 % since 1990 (Table 1). 
The overall age-standardized ASR of DALYs (ASDALYR) was 107.13 (95 % UI, 86.18 to 133.73) in 2019, and presented a downward 
tendency during 1990–2019 (EAPC, − 0.03; 95%CI, − 0.06 to 0) (Table 1). The DALYs numbers increased both in males (3.96 million; 
95 % UI, 3.09 to 5.05) and females (4.44 million; 95 % UI, 3.57 to 5.54), but with the decreased trend of ASDALYR (male: EAPC, − 0.02; 
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95%CI, − 0.06 to 0.02; female: EAPC, − 0.04; 95%CI, − 0.06 to − 0.01) (Table 1). In 2019, the DALYs increased with age for both 
genders, Notably, males had more DALYs than females under 70 years, similar DALYs at 70–74 years and less DALYs above 74 years 
compared to females (Fig. 1D). 

The percentage of DALYs increased in all five SDI regions, while the Middle SDI region showed the biggest increase by 183.43 % 
(Table 1; Supplementary Fig. 1D). The ASDALYR was highest in High-Middle SDI region (122.64, 95 % UI, 97.3 to 153.57), and lowest 
in Low SDI (91.91, 95 % UI, 71.89 to 111.57) (Table 1). Most SDI regions, especially the Low-Middle SDI region, showed rising 
ASDALYR trends (EAPC, 0.34; 95 % UI, 0.32 to 0.37). Only the High-Middle SDI region showed a declining trend (EAPC, − 0.25; 95 % 
UI, − 0.28 to − 0.23) (Table 1). 

Regionally, Central Latin America showed the biggest increasing change in DALYs of AF/AFL (230.92 %; 95 % UI, 201.51 to 
260.23), but a declining trend of ASDALYR (EAPC, − 0.01; 95 % UI, − 0.05 to 0.04). Moreover, most GBD regions showed rising 
ASDALYR trends, whereas only five regions (Australasia, Central Latin America, East Asia, High-Income Asia Pacific, and Western 
Europe) displayed declining ASDALYR trends (Table 1). 

At the national level, China had the highest number of DALY cases (1.73 million), followed by India (1.02 million) and the USA 
(0.96 million). However, the United Arab Emirates had the greatest increase (793.33 %), while Niue showed biggest reduction (− 6.73 
%). The ASDALYR was lowest in Singapore (51.9, 95 % UI, 40.1 to 67) and highest in Montenegro (250.6; 95 % UI, 205.8 to 313.7). 
Additionally, ASDALYR grew more quickly in Bahrain than in other nations (EAPC, 2.71; 95 % CI, 2.27 to 3.14) and reduced more 
quickly in Japan than in any other nation (EAPC, − 1.15; 95 % CI, − 1.32 to − 0.97) (Supplementary Table 5). 

EAPCs had a negative relationship with the ASDALYR in 1990 (ρ = − 0.27, p < 0.001; Fig. 3D), and had a negative relationship with 
HDI (ρ = − 0.27, p < 0.001; Fig. 3H). 

3.5. The burden of AF/AFL by SDI 

Generally, during 1990–2019, positive relationships existed between the ASIR and SDI values (ρ = 0.44, p < 0.001; Fig. 4A). ASIR 
showed a steady upward trend in most regions but a downward trend in Australasia, Western Europe, and the high-income Asia Pacific. 
Moreover, similar positive relationships were also seen between SDI and ASPR (ρ = 0.49, p < 0.001; Supplementary Fig. 2A). There was a 
significant positive correlation between SDI and ASDR (ρ = 0.27, p < 0.001; Supplementary Fig. 2B). ASDR showed a steady upward 
trend in most regions but a downward trend in Australasia and the high-income Asia Pacific. Additionally, ASDALYR was also positively 
associated with the SDI across the world (ρ = 0.45, p < 0.001; Supplementary Fig. 2C). Most regions displayed increases in ASDALYR as 
SDI increased. High-income Asia Pacific is the exception, with high SDI but the lowest DALYs rate and a continuous downward trend. 

Fig. 4. The association between SDI and ASRs of incidence for AF/AFL by region between 1990 and 2019. The blue line represents the expected 
value based on SDI. AF/AFL, atrial fibrillation/atrial flutter; DALYs, disability-adjusted life-year; ASRs, age-standardized rates (per100,000 popu-
lation), SDI, Socio-Demographic Index; EAPC, estimated annual percentage change. (For interpretation of the references to colour in this figure 
legend, the reader is referred to the Web version of this article.) 
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The national-level analysis found a positive association between SDI and ASIR (ρ = 0.50, p < 0.001; Supplementary Fig. 3A), ASPR 
(ρ = 0.54, p < 0.001; Supplementary Fig. 3B), ASDR (ρ = 0.20, p < 0.001; Supplementary Fig. 4A) as well as ASDALYR (ρ = 0.47, p <
0.001; Supplementary Fig. 4B). 

Fig. 5. Trends in attributable risk-related DALYs due to AF/AFL (A) The EAPC of DALYs due to attributable risks at the global and region level. (B) 
Proportions attributable fractions for risk factors attributed for DALYs by sex from 1990 to 2019. (C) Proportions of DALYs attributable to risk 
factors by age and sex. AF/AFL, atrial fibrillation/atrial flutter; DALYs, disability-adjusted life-year; ASRs, age-standardized rates (per100,000 
population), EAPC, estimated annual percentage change. 
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3.6. Trends in attributable risk-related death and DALYs due to AF/AFL 

Globally, high systolic blood pressure was considered as the major contributor to ASDR of AF/AFL in both males and females (male: 
34 %; female: 34 %), with decreasing trends (EAPC, − 0.30; 95 % CI, − 0.34 to − 0.26). In SDI regions, the High SDI region displayed the 
highest declining trend (EAPC, − 0.85; 95 % CI, − 0.94 to − 0.75), followed by the High-middle SDI region (EAPC, − 0.55; 95 % CI, 
− 0.64 to − 0.46). Regionally, we noticed that High systolic blood pressure-related ASDR showed an increasing trend in most regions, 
especially in Andean Latin America (EAPC, 2.00; 95 % CI, 1.73 to 2.27). Conversely, only four regions (High-income Asia Pacific, 
Australasia, Western Europe, and Central Europe) showed declining trend. Similar declining trends were observed in alcohol use, 
smoking, and a diet high in sodium. In most countries, smoking and alcohol consumption were more strongly linked to AF/AFL in 
males than in females (Supplementary Fig. 10A; Supplementary Fig. 11A). 

The second contributor was the high body-mass index, which was moderately higher in females than in males in all regions (male: 
18 %; female: 22 %). ASDR of AF/AFL from high body-mass index had a growing tendency in all SDI regions, especially in the Low- 
middle SDI (EAPC, 2.95; 95 % CI, 2.87 to 3.03). Regionally, the high body-mass index had the highest increasing trend in Southeast 
Asia with an EAPC of 4.02 (95 % CI, 3.97 to 4.08), and only the High-income Asia Pacific displayed a decreasing trend (EAPC, − 0.38; 
95 % CI, − 0.45 to − 0.30). Similar increasing trend were observed in lead exposure. (Supplementary Fig. 5A; Supplementary Fig. 6A). 

Similarly, the leading cause of the ASDALYR in both genders was high systolic blood pressure (male: 40 %; female: 39 %), with 
decreasing trends (EAPC, − 0.26; 95 % CI, − 0.29 to − 0.23). In SDI regions, the High SDI region displayed the highest downward trend 
(EAPC, − 0.90; 95 % CI, − 1.00 to − 0.79), followed by the High-middle SDI region (EAPC, − 0.39; 95 % CI, − 0.43 to − 0.35). Regionally, 
we noticed that High systolic blood pressure-related ASDALYR showed an increasing trend in most regions, except of Central Europe, 
Australasia, High-income Asia Pacific, High-income North America, Western Europe, and Central Sub-Saharan Africa. Besides, except 
for Central Sub-Saharan Africa, the high body mass index for females appeared to have higher correlations with ASDALYR of AF/AFL 
than it did for males. Similar declining trends were observed in alcohol use, smoking, and a diet high in sodium (Fig. 5A; Supple-
mentary Fig. 5B). 

Conversely, ASDALYR of AF/AFL from high body-mass index had a growing tendency globally (EAPC, 0.92; 95 % CI, 0.88 to 0.97) 
and in all SDI regions, especially in the Low-middle SDI (EAPC, 3.06; 95 % CI, 2.99 to 3.13). Regionally, the high body-mass index had 
the highest increasing trend in Southeast Asia with an EAPC of 3.69 (95 % CI, 3.64 to 3.74), and only High-income Asia Pacific 
displayed a decreasing trend (EAPC, − 0.48; 95 % CI, − 0.65 to − 0.31). Similar increasing trend was also found in lead exposure (EAPC, 
0.17; 95 % CI, 0.09 to 0.25) (Fig. 5A; Supplementary Fig. 5B). 

In general, we found that high systolic blood pressure was the most prominent risk factor contributing to ASDR and ASDALYR in all 
age groups, without difference between genders, and gradually decreased from 1990 to 2019. Additionally, the proportions of ASDR 
and ASDALYR attributed to smoking also displayed a slight reduction since 1990 for both genders. (Fig. 5B; Supplementary Fig. 6B). 
High body-mass index was found to be a risk factor for AF/AFL burden that cannot be ignored—even counteracting or exceeding the 
reduction of other factors induced-disease burden in all age groups. Moreover, most risk factors induced deaths and DALYs displayed a 
unimodal distribution, peaking at age 50–70 (Fig. 5C; Supplementary Fig. 6C). 

3.7. Predictions of AF/AFL trends 

Based on GBD of AF/AFL data from 1990 to 2019, the Nordpred age-period-cohort (APC) model and the Bayesian APC-INLA model 
were used to predict the trends of global AF/AFL burden from 2020 to 2044. Both prediction methods yielded very consistent results. 

From 2020 to 2044, the ASR of incidence were projected to slight growth in male and in female, respectively. The number of 
incidences would continue to rise from 2020 to 2044, particularly for females (Male incidence number in 2044: 4.01 million predicted 
by NORDPRED or 4.49 million predicted by BAPC-INLA; Female incidence number in 2044: 4.30 million predicted by NORDPRED or 
4.67 million predicted by BAPC-INLA; Fig. 6A and E; Supplementary Figs. 7A and 7E). Similar results were observed in the projection 
analysis for prevalence of AF/AFL (Male prevalence number in 2044: 5.72 million predicted by NORDPRED or 5.63 million predicted 
by BAPC-INLA; Female prevalence number in 2044: 6.04 million predicted by NORDPRED or 5.95 million predicted by BAPC-INLA; 
Fig. 6B and F; Supplementary Figs. 7B and 7F). 

The trends for the ASDALYR and ASDR were stable over the projection period. The numbers of AF/AFL deaths and DALYs would be 
expected to continue to increase during the next 25 years (Deaths in 2044: 0.83 million predicted by NORDPRED or 0.78 million 
predicted by BAPC-INLA; DALYs in 2044: 17.58 million predicted by NORDPRED or 17.31 million predicted by BAPC-INLA) with 
stationary ASRs of deaths and DALYs. This increase might be driven by both population aging and population growth. Additionally, we 
predicted the death number in female would be significantly higher than that in male from 2020 to 2044, whereas ASDR would not 
differ between males and females (Male death number in 2044: 0.31 million predicted by NORDPRED or 0.32 million predicted by 

Fig. 6. Predictions of AF/AFL trends was projected by BAPC-INLA model 
The projected ASRs of incidence (A), prevalence (B), death (C), and DALYs (D) for AF/AFL by sex from 1990 to 2044, The dots represent the 
observed values, and the fan shape represent the predictive distribution between the 2.5 and 97.5 % quantiles. The solid line represents the pre-
dicted ASRs during 2020–2044. The projected number of incidence (A), prevalence (B), death (C), and DALYs (D) for AF/AFL by sex from 1990 to 
2044. The solid line represents the predicted numbers during 2020–2044. The dashed line and related area represent the reference if the rate 
remained stable (baseline reference, middle dash line), decreased by 1 % per year (optimistic reference, lower dash line), and increased by 1 % per 
year (pessimistic reference, upper dash line) based on the observed rate in 2019. AF/AFL, atrial fibrillation/atrial flutter; DALYs, disability-adjusted 
life-year; ASRs, age-standardized rates (per100,000 population). 
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BAPC-INLA; Female deaths number in 2044: 0.47 million predicted by NORDPRED or 0.52 million predicted by BAPC-INLA; Fig. 6C 
and G; Supplementary Figs. 7C and 7G). It might be due to a longer life expectancy in females than in males. Moreover, we predicted 
higher DALYs number in females than in males in the next 25 years, albeit the estimated ASDALYR in females was persistently lower 
than in males (Male DALYs number in 2044: 8.08 million predicted by NORDPRED or 7.92 million predicted by BAPC-INLA; Female 
DALYs number in 2044: 9.63 million predicted by NORDPRED or 9.64 million predicted by BAPC-INLA; Fig. 6D and H; Supplementary 
Figs. 7D and 7H). 

4. Discussion 

In this paper, we used the GBD database to present the prevalence, incidence, death, DALYs, and ASRs in 204 countries from 1990 
to 2019. 

Globally, the burden of AF/AFL was increasing with an estimated 4.72 million incident cases, 59.70 million prevalent cases, 0.32 
million death cases, and 8.39 million DALYs. From 1990 to 2019, the ASIR, ASPR, and ASDALYR rate increased varied by region, while 
the ASDR fluctuated within a small range. Most regions carried the increasing burden of AF/AFL, with a steady upward trend. The 
distribution of the disease burden of AF/AFL varies significantly across regions and countries. Generally, ASIR, ASPR, ASDR, and 
ASDALYR in most regions rose when SDI increased. However, the High or High-Middle SDI regions experienced the biggest growth and 
the most significant fall in the ASR from 1990 to 2019. Nationally, China carried the largest burden of AF/AFL, followed by the United 
States and India. When adjusted for age, the United States had the highest ASIR and increased more quickly than other countries. 

The current study has demonstrated a reduction in the age-standardized estimated annual percentage change (EAPC) for AF/AFL 
incidence, prevalence, and disability-adjusted life years (DALY) in High-income Asia Pacific, Australasia, and Western European 
countries from 1990 to 2019. This trend can be attributed to the probability that regions or countries with greater economic resources 
are more likely to have access to superior medical care, increased health awareness among their population, and effective public health 
services, including health education and intervention. Besides, we found High SDI regions compared to other regions with pro-
nouncedly higher ASIR. The regional variation of this disease could be attributed to bigger aging populations and lower overall fertility 
rates [18]. The types demographic profiles of populations included (e.g., hospital, primary-care, community-based), and methods used 
to ascertain AF/AFL [e.g., screening ECG, health claims data] may vary considerably in different countries, making substantially 
impact the incidence and prevalence of AF/AFL [19]. The paroxysmal and unpredictable nature of atrial fibrillation episodes implies 
that longer recording durations increase the likelihood of detecting asymptomatic episodes of AF/AFL. Additionally, it should be noted 
that the detection rates of atrial fibrillation may vary across different devices [20]. For instance, wearable devices such as smart-
watches utilizing photoplethysmography have expanded the screening capacity for atrial fibrillation. However, they may be sus-
ceptible to noise interference, necessitating the need for ECG verification [20,21]. This may have an impact on the incidence rate of 
atrial fibrillation. A thorough collection of potential differentiating features worldwide and a direct comparison of AF/AFL burden 
between regions with a similar demographic profile using similar methods of AF/AFL ascertainment could strengthen the available 
evidence and yield valuable additional information [4,8,22–24]. The present evidence could be strengthened by an entire global 
inventory of potential differentiating characteristics and a direct comparison of AF/AFL burden between regions with comparable 
demographics using comparable techniques for AF ascertainment. 

We also identified sex and age-specific differences in the global prevalence of AF/AFL. Female sex is an age-dependent risk modifier 
for AF/AFL -related ischemic strokes [25–27]. The Framingham Heart study showed that in AF/AFL patients, women have lower 
prevalence and incidence but higher stroke and mortality than men between 1958–67 and 1998–2007 [28]. Moreover, women with 
other CHA2DS2-CASc factors had a higher risk of ischemic stroke than men [29]. As expected, we observed an increased prevalence, 
incidence, death, and DALY cases in both genders across all time points. Besides, males had a higher incidence and prevalence rate of 
AF/AFL than females, whereas females had higher ASDR and ASDALYR. The PINNACLE Registry study showed that females with atrial 
fibrillation had a lower rate of anticoagulant use than males, despite a higher risk of thromboembolism [30]. More effective and 
targeted interventions will be needed to address the sex difference in AF/AFL burden. Globally, the disease burden was low under the 
age of 30 and increased with age, reaching a peak among 60–69 for incidence, 70–74 for prevalence, 85 for death, and 80-for DALYs, 
respectively. Under 70 years of age, males had more incidence, prevalence, and DALYs than females, and they were similar for both 
genders between 70 and 74 years. However, this trend was reversed over 75 years, that females had higher total incidence, prevalence, 
and DALYs than males. These findings point toward sex-specific, age-related targets for preventing and managing AF/AFL. 

In the future decades, the disease burden of AF/AFL will continue to rise due to the rise in high-risk factors and the aged population 
globally. According to our projection analysis, the incidence, prevalence, and DALY cases will continue to rise in both genders over the 
next 25 years. Even though the estimated death rates showed a decline trend globally, the disease burden of AF/AFL is still severe, with 
substantially new cases. Hence, the disease burden will remain severe if no effective interventions are implemented. 

Although aging is a critical AF risk factor [31], recent studies showed metabolic risk plays a vital role in AF burden, particularly 
hypertension, diabetes mellitus, and obesity [32]. Behavior risk factors like smoking and alcohol use are also potent contributors to AF 
pathogenesis [33]. Additionally, approximately 22 % of AF in the UK biobank has genetic heritability [34]. This study found that high 
systolic blood pressure was the most prominent risk factor for ASDR and ASDALYR in all age groups and did not differ between males 
and females. The behavior risk factors, including smoking and alcohol use, rank second and third in males, which could be the primary 
cause of variations between males and females. 

It is well known that high systolic blood pressure is a major modifiable risk factor for cardiovascular morbidity and mortality across 
different age categories [35–37]. The data demonstrated that the proportion of DALYs attributable to high systolic blood pressure 
gradually decreased from 1990 to 2019. In most nations, high systolic blood pressure showed an upward tendency but a downward 
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trend in high-income nations. Rich countries experienced an increased rate of hypertension detection and timely treatment in the early 
stage [38]. 

Additionally, the proportion of DALYs attributable to smoking was observed to display a slight downward trend. The reduction in 
the number of smoking probably due to the support and promotion of smoking cessation. The sixth WHO report suggested that over 3.5 
billion people benefited from the considerable reduction in global cigarette sales [39]. For instance, there was a reduction of 2.5 % in 
smoking rates across 126 countries, and smoking cessation reduced cardiovascular disease incidence and mortality. 

The high body-mass index has become a risk factor for AF/AFL burden that cannot be ignored and even counteracted or exceed the 
reduction of other factors induced-disease burden. Globally, there was an increasing adult population’s BMI over the past 30 years 
[40], with 1.5 billion overweight and 500 million obese adults according to the WHO report [41]. The risk is more significant in High 
and High-Middle regions in 2019 but has accelerated in Low and Low-middle regions. The data was consistent with the previous study 
[42]. Moreover, the proportion of DALYs attributable to the high body-mass index was increasing in most regions, except for 
High-income Asia Pacific. This trend is particularly strong in Low and Low-middle SDI regions, which might be due to the disad-
vantages experienced in Low and Low-middle SDI regions: lower income and education, a lack of availability and higher price of 
healthy foods, and fewer leisure and sports facilities. 

We did not analyze the data for those aged 0–30 years because this group’s mortality attributed to AF was negligible. At age onset, 
most risk factors induced DALYs displayed a unimodal distribution, peaking at age 50–70 years, which could possibly explain why the 
highest incident number of AF/AFL was observed in the age group of 65–69 years. Hence, as the most common arrhythmia, AF/AFL 
remains a substantial global impact on public health with an increasing incidence and prevalence rate. Moving forward, more effort is 
needed to improve preventive care and treatment for AF/AFL. Aggressive management and modification of risk factors are warranted. 
People with these AF modifiable risk factors may benefit from positive lifestyle changes (e.g., moderate alcohol consumption, weight 
control, and smoking cessation) that may aid in reducing the burden of AF [43]. Additionally, a STROKESTOP trial [44] has shown that 
large-scale screening of AF in 75- and 76-year-olds living for anticoagulant therapy was associated with a significant reduction in 
stroke and risk of ischemic stroke or systemic thromboembolism. 

4.1. Limitation 

First, the data provided by GBD 2019 Study originated from various sources; the quality of individual studies providing data could 
influence the accuracy and robustness of estimates. Second, levels of AF/AFL surveillance vary among countries and are inadequate in 
less developed countries, which may represent an underestimate of the AF/AFL burden. Third, considerable evidence is that coronary 
artery disease, heart failure, and obstructive sleep apnea are important risk factors for AF/AFL. The GBD 2019 database currently does 
not have the corresponding data. At last, AF has two main subtypes valvular AF and non-valvular AF, the current GBD databases do not 
classify the subtype of AF in detail. 

5. Conclusion 

In summary, we found that the ASRs of incidence and prevalence decreased, but the absolute number of individuals with AF/AFL 
increased yearly. The decreases are less pronounced in the High and High-middle SDI region, contributed to the decreases, and even 
counteracted the reduction of Middle, Low and Low-middle SDI regions. There is pronounced variation in AF/AFL burden between 
males and females. In addition to controlling hypertension and reducing smoking, we should pay close attention to the education and 
prevention of obesity, particularly in deprived economic groups. The findings offer insightful information that can be used to create 
increasingly integrated solutions to tackle the AF/AFL concerns. 
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