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Estimating the burden of atrial 
fibrillation and atrial flutter 
with projection to 2050 in Iran
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Mahtab Mashayekhi 1, Pouya Ebrahimi 1, Farzad Masoudkabir 1, Ali Vasheghani‑Farahani 1 & 
Kaveh Hosseini 1

Atrial fibrillation (AF)/atrial flutter (AFL) is the most common cardiac tachyarrhythmia, with an 
increasing trend in its burden in recent years. However, the burden of AF/AFL in Iran remains unclear. 
This study aimed to estimate the burden of AF/AFL and its attributable risk factors from 1990 to 
2019 at national and subnational levels. Using the comparative risk assessment method of the Global 
Burden of Disease (GBD) Study 2019, we extracted data on AF/AFL incidence, prevalence, deaths, 
disability-adjusted life years (DALYs), and their age-standardized rates from 1990 to 2019 and 
analyzed them based on by age, sex, and socio-demographic index (SDI). The percentage contribution 
of AF/AFL major risk factors was calculated. Moreover, the AF/AFL burden in 2050 was projected using 
the United Nations world population prospect data. In 2019, there were 339.1 (259.4–433.7) thousand 
AF/AFL patients in Iran, with 30.2 (23.2–38.5) thousand new cases, 1.7 (1.5–2) thousand deaths and 
48 (37.7–60.5) thousand DALYs. Females and 50–69-year-old patients recorded a higher burden for 
AF/AFL; however, the increasing trend was more pronounced in males and more than 85-year-old 
patients. High systolic blood pressure and elevated body mass index (BMI) were the predominant 
attributable risk factors for AF/AFL-related deaths and DALYs. It is estimated that in 2050, the number 
of AF/AFL patients will increase to 1.1 million people, the incidence of AF/AFL will increase to 91 
thousand patients, and the number of AF/AFL-related deaths and DALYs will surge to 7.2 and 170.8 
thousand, respectively. Despite advancements in prevention and treatment, AF/AFL remains a major 
public health problem in Iran. Given its largely preventable and treatable nature, more cost-effective 
strategies are required to target modifiable risk factors, especially within susceptible age and sex 
groups.
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Atrial fibrillation (AF)/atrial flutter (AFL) stands as the most common type of cardiac tachyarrhythmia, affecting 
more than 33 million people worldwide1. AF/AFL affects patients’ quality of life besides imposing severe compli-
cations such as myocardial infarction, heart failure, and stroke2, leading to AF/AFL-related deaths, which were 
as high as 315,337 people in 2019 (3]. Based on the 2019 Global Burden of Disease (GBD) study, the absolute 
number of AF/AFL patients has more than doubled, and the AF/AFL-related deaths and disability-adjusted life 
years (DALYs) increased significantly, making it one of the leading causes of disability worldwide3.

Population growth and aging are considered the main factors behind the increasing number of AF/AFL 
cases4,5. The prevalent cases of AF/AFL are projected to double by 2050 and 2060 in the USA and Europe, 
respectively6,7. Moreover, estimations indicated that the overall AF burden could surge by over 60% by the year 
2050, making it a serious public health problem around the world8.

Iran, experiencing epidemiological transitions and population aging, is poised to follow this trend, with an 
anticipated 17.6% of the population being 60 years and older by 20359. The burden of AF/AFL in Iran, however, 
remains unclear. It is worth mentioning that Iran’s diverse population encompasses various ethnicities with 
distinct lifestyles and genetic backgrounds, potentially leading to disparities within the country10. Therefore, it 
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would be important to report and evaluate the burden of AF/AFL in this country and compare results among 
its provinces to better understand possible differences and inequalities.

Herein, we aimed to analyze and report the GBD 2019 estimations regarding AF/AFL to demonstrate and 
compare their incidence, prevalence, attributable deaths, years of lost life (YLLs), years lived with disability 
(YLDs), and DALYs among 31 provinces of Iran from 1990 to 2019 for the first time. Moreover, we provided an 
estimation for the epidemiology and burden metrics of AF/AFL through 2050. The results of the present study 
could offer valuable insights to health authorities and policymakers by providing a clearer perspective, guiding 
them toward more effective strategies and proper allocation of resources among the population to mitigate the 
burden of AF/AFL and related disorders in the future.

Materials and methods
Data sources
This study was conducted according to the Global Burden of Diseases, Injuries, and Risk Factors Study 2019 
investigation, a multinational collaborative research project by the Institute for Health Metrics and Evaluation 
with the goal of producing consistent estimates of health loss due to various diseases and injuries. The outcomes 
were reported based on the Guidelines for Accurate and Transparent Health Estimates Reporting (the GATHER 
statement)11. Details of the GBD framework, methodology, and data estimation for the burden of diseases, 
injuries, and risk factors have been described previously12,13. The entry data for the present study were obtained 
from the publicly accessible GBD database14. In this investigation, thirty-one provinces of Iran were used on a 
subnational scale to report epidemiologic measures and investigate disparities of the burden metrics attribut-
able to AF/AFL.

Definitions
In the study, AF/AFL was identified using the International Classification of Diseases and Injuries (ICD-9 and 
ICD-10). Specifically, any cardiovascular disease falling under the ICD-9 codes 427.3–427.32 or the ICD-10 
codes I48–I48.92 were classified as instances of AF/AFL. YLLs were calculated by multiplying the number of 
deaths and the standard life expectancy at the age of demise. YLDs were computed by assessing the number of 
YLLs attributed to health conditions, considering the severity-based disability weight. The sum of YLDs and 
YLLs arising from premature mortality within the population was considered DALYs.

The Socio-Demographic Index (SDI) was deployed as an analytical tool for positioning each geographical 
region at a subnational level along the development spectrum. It represents the geometric average of an index 
ranging from 0 to 1, encompassing factors such as the total fertility rate for individuals under 25, the average 
educational attainment of those aged 15 and above, and the distribution of income per capita with a lag effect12,15. 
When considering this composite measure, an SDI value of 0 signifies the lowest conceivable level of development 
related to health, while an SDI of 1 indicates the highest feasible level. This categorization entailed the division of 
provinces of Iran into five distinct quintiles, specifically, low, low-middle, middle, high-middle, and high SDI12,15.

In the GBD 2019 study, six risk factors (namely, alcohol use, diet high in sodium, high body-mass index 
(BMI), high systolic blood pressure, lead exposure, and smoking) were associated with AF/AFL based on the 
following criteria: adequate evidence for the cause of AF/AFL, availability of exposure data, and the possibility 
of modification3. The exact definition of these risk factors and methods for quantifying the contribution percent-
age of these risk factors to AF/AFL-related death and DALY have been demonstrated in previous studies13,15.

Statistical analysis
We calculated the epidemiology and burden metrics of AF/AFL such as incidence, prevalence, DALYs, YLLs, 
YLDs, and AF/AFL-related deaths beside their age-standardized rate (ASR) per 100,000 people stratified by sex 
and age groups at both national and subnational levels. Moreover, the age-standardized mortality-to-incidence 
ratio (MIR), DALY-to-prevalence ratio, YLL-to-YLD ratio, and prevalence-to-incidence ratio were assessed as 
secondary outcomes for further AF/AFL burden statistics16. The ASR of AF/AFL-related mortality and DALY 
were calculated to compare its burden in different SDI quantiles. Further decomposition analysis was conducted 
based on two scenarios to assess the impact of population aging and population growth on the absolute change 
in AF/AFL incidence. In the first scenario, the age structure, sex structure, and age-specific rates from 1990 were 
applied to model the total population in 2019. The difference between the total number of cases in 1990 and 
the hypothetical scenario was attributed to population growth. In the second hypothetical scenario, we applied 
the age-specific rates from 1990 to the age structure, sex structure, and population size of 2019. Differences 
between the second and first hypothetical scenarios were attributed to population aging. Furthermore, given no 
alterations in age-standardized epidemiology, burden metrics, and risk factors of AF/AFL in the future, we used 
the age and sex-specified ASR of the aforementioned indices between 1990 and 2019 on United Nations world 
population prospect data to project the incidence, prevalence, DAYs, and deaths attributed to AF/AFL in 205017.

The reported values in this article were represented in point estimation accompanied by the 95% uncertainty 
intervals (95% UI) extracted using the 25th and 975th ranked draws of the uncertainty distribution by taking 
1,000 samples from the posterior distribution. Percent change between 1990 and 2019 was calculated and rep-
resented only the change between the beginning and ending years of the period. It’s noteworthy that AF/AFL 
cannot lead to death directly, but it can increase the risk of mortality by complications including stroke or heart 
failure. Therefore, the crude case fatality rate in patients with AF/AFL does not seem appropriate, and mortality 
due to AF/AFL is preferred. All for this study statistical analyses, data visualization, and numerical calculations 
were carried out using R Programming language (R for Windows, version 4.1.3, Vienna, Austria) and R Studio 
version 1.1.463 (Posit PBC, Boston, MA, United States).



3

Vol.:(0123456789)

Scientific Reports |        (2024) 14:20264  | https://doi.org/10.1038/s41598-024-71296-4

www.nature.com/scientificreports/

Results
National epidemiology and burden metrics of AF/AFL
The disease burden of AF/AFL increased significantly over the 30 years. The number of incidences increased from 
10,318 (7743–13,431) people in 1990 to 30,246 (23,219–38,550) in 2019, with a 193.1% (174.7–219.6) increase. 
The age-standardized incidence, however, remained steady. The number of AF/AFL cases escalated from 105,860 
(79,863–137,492) people in 1990 to 339,164 (259,425–433,714) in 2019, with a 220.4% (204.7–240.9) increase. 
The age-standardized prevalence, however, slightly decreased from 518.8 per 100,000 (394.6–666.6) in 1990 to 
514 per 100,000 (391.9–659). The number of AF/AFL-related deaths surged from 371 (262–449) in 1990 to 1,766 
(1509–2003) in 2019, showing a 375.4% (283.3–587.7) increase. The standardized death slightly increased from 
3.1 per 100,000 (2.1–3.8) in 1990 to 3.2 per 100,000 (2.7–3.6). DALY increased from 13,783 (10,574–17,796) 
in 1990 to 47,997 (37,710–60,548) in 2019, reflecting a 248.2% (216.7–301.7) increase. From 1990 to 2019, the 
study found an interesting trend: the ASR of incidence, prevalence, and DALYs exhibited a gradual decrease from 
1996, reaching a minimum in 2009, followed by a gradual increase after 2009. However, the phenomenon was 
less pronounced in the ASR of AF/AFL-related deaths, and the parameter didn’t decrease much in the mentioned 
years (Fig. 1). The epidemiology and burden metrics of AF/AFL are presented in Table 1.

Subnational epidemiology and burden metrics of AF/AFL
At the subnational level, three of Iran’s most populous provinces, namely Tehran, Khorasan Razavi, and Fars, 
recorded the highest AF/AFL incidence and prevalence in 2019, accounting for 33% of the total number. Moreo-
ver, the provinces of Alborz, Tehran, and Qom experienced the most significant increase in AF/AFL incidence 
[365.3% (337.1–395.7); 255.4% (229.2–288.1); and 254.4% (225.9–285.2), respectively] and prevalence [390.2% 
(364.8–420.3); 290.3% (262.5–319.1); and 280.6% (257.4–303.6), respectively] over the study period. After 
age standardization, Fars province recorded the highest incidence [53.1 (39.9–68,9)] and prevalence [644.3 
(482.6–837)] rates of AF/AFL in 2019. The detailed results of subnational metrics are presented in Supplemen-
tary Tables 1 and 2.

Moreover, three of Iran’s most populous provinces, namely Tehran, Khorasan Razavi, and Isfahan, had the 
highest AF/AFL-related deaths and DALYs in 2019, accounting for 31% of the national number. Interestingly, 
the northwestern provinces of Iran (East and West Azarbayejan) recorded the highest age-standardized death 
[4.5 (3.7–5.4) and 4.6 (3.8–5.5), respectively] and DALY [87.9 (70.8–108.8) and 85.9 (69.3–104.6), respectively] 
rates attributed to AF/AFL in 2019 (Fig. 2).

Age distribution of AF/AFL epidemiology and burden metrics
Through age stratification, 50–69 individuals had the highest AF/AFL incidence and prevalence in 2019 
[14,823 (9925–20,778) and 131,838 (92,387–181,414), respectively]. Additionally, both 50–69-year-old and 
70–74-year-old groups had the highest AF/AFL attributed DALY in 2019 [15,164 (10,789–20,773) and 14,252 
(11,321–17,842), respectively]. Notably, elderly patients (+ 85 years old) had the highest AF/AFL-related deaths 
in 2019 [887 (710–1021)] and experienced the most prominent increase in the epidemiology and morbidity 
metrics compared to other age groups (Fig. 3).
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Fig. 1.   Age-standardized incidence, prevalence, death, and disability-adjusted life-year (DALY) rates (per 
100,000 people) of AF/AFL in Iran, 1990–2019.
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Gender distribution of AF/AFL epidemiology and burden metrics
From 1990 to 2019, there was a notable increase in the incidence, prevalence, deaths, and DALYs for both males 
and females. The rise in incidence and prevalence was more noticeable in females [204.9% (189.9–226.8) vs. 
180.3% (158.3–212.2); and 232.7% (218.9–249.5) vs. 207% (190.3–234.5), respectively]. On the other hand, the 
increase in AF/AFL-related deaths and DALY was more prominent in males [505.3% (299.3–691.8) vs. 310.9% 
(222.5–607.6); and 251.6% (194.6–302.9) vs. 245.5% (209.2–338.2), respectively]. The standardized incidence 
and prevalence in females decreased from 47.3 (35.6–60.9) and 551.8 (419.2–707.9) in 1990 to 46.8 (35.1–60.3) 
and 546.1 (415.4–700.6) in 2019, respectively. Conversely, the standardized incidence and prevalence in males 
increased from 38.4 (29.3–49.1) and 478.3 (366.5–615.7) to 38.6 (29.4–49.8) and 482.3 (367.3–617.9) in 2019, 
respectively. Similarly, the standardized AF/AFL attributed deaths and DALY decreased in females over the 
30 years [3.9 (2.4–4.9) vs. 3.8 (3.2–4.5); and 87 (63.1–111.4) vs. 84.5 (67.7–106.3), respectively]. However, the 
aforementioned metrics increased in males in the same period (2.1 (1.4–2.8) vs. 2.6 (1.8–3) and 61.5 (47–79.5) 
vs. 66.5 (51.3–84.2), respectively]. Our analysis revealed a higher number and ASR of AF/AFL epidemiological 
and burden metrics in females in both 1990 and 2019; however, the gap between females and males decreased 
over the 30 years. The epidemiology and burden metrics of AF/AFL in males and females are presented in Table 1.

In females, the incidence and prevalence of AF/AFL were highest in 50–69-year-old patients both in 1990 
[3,057 (2023–4276) and 25,122 (17,542–34,511), respectively] and 2019 [8,102 (5390–11,327); and 66,422 
(46,609–91,099), respectively]. AF/AFL-related death was highest in + 85 years old patients both in 1990 [107 
(65–136)] and 2019 [486 (389–596]. DALY was highest in 50–69-year-old females in 1990 [3059 (2200–4197.7)], 
whereas 75–84 years old patients recorded the highest DALY in 2019 [8317 (6619–10,466)]. The rate of all burden 
metrics of AF/AFL was highest in + 85 years participants both in 1990 and 2019.

In males, the number of incidence, prevalence, and DALY were highest in 50–69-year-old patients both 
in 1990 [2965 (1987–4,151); 29,286 (20,909–39,998); and 3,192 (2,184–4,492), respectively] and 2019 [6721 
(4503–9445); 65,416 (46,557–89,455); and 7241 (5,044–10,102), respectively]. AF/AFL-related death was highest 
in + 85 years old patients both in 1990 [45 (28–60)] and 2019 [401 (253–474)]. The rate of all burden metrics of 
AF/AFL was highest in + 85 years participants both in 1990 and 2019.

Socio‑demographic distribution of AF/AFL epidemiology and burden metrics
The incidence and prevalence of AF/AFL were higher in high-SDI provinces. Nevertheless, after standardiza-
tion, there was no difference between different SDI groups regarding the AF/AFL burden both in 1990 and 2019 
(Supplementary Fig. 1).

Secondary outcomes
At the national level, the age-standardized MIR remained steady in 2019 compared to 1990 (0.074 vs. 0.072). 
Moreover, MIR remained steady in females (0.081 vs. 0.082); however, MIR increased in males (0.067 vs. 0.054) 
(Fig. 4). At the West Azarbayejan subnational level, province reported the highest MIR (0.107), while MIR was 
the lowest in Chahar Mahaal and Bakhtiari province (0.056) (Supplementary Fig. 2).

Other secondary outcomes, namely, the DALY-to-prevalence ratio, YLL-to-YLD ratio, and prevalence-to-
incidence ratio, remained unchanged over the 30 years (0.14 vs. 0.14; 0.91 vs. 0.9; and 12.1 vs. 12, respectively). 
The secondary outcomes of females didn’t change significantly in 2019 compared to 1990; however, the YLL-to-
YLD ratio increased in males in 2019 compared to 1990 (0.78 vs. 0.67).

Table 1.   Counts and age-standardized incidence, prevalence deaths, and DALYs rates of AF/AFL in 1990, 
2019, and their percentage change from 1990 to 2019. AF/AFL, atrial fibrillation and atrial flutter; CI, 
Confidence interval; DALYs, disability-adjusted life years; UI, uncertainty interval.

Incidence   Prevalence  Deaths  DALYs

1990  2019

Rate of 
change % 
(95% CI) 1990  2019

Rate of 
change % 
(95% CI) 1990  2019

Rate of 
change % 
(95% CI) 1990   2019

 Rate of 
change % 
(95% CI)

Counts 
No. × 103 
(95% UI)

Total 10.3 
(7.7–13.4)

30.2 
(23.2–38.5)

193.1 
(174.7–
219.6)

105.8 
(79.8–
137.4)

339.1 
(259.4–
433.7)

220.4 
(204.7–
240.9)

0.37 
(0.26–0.44) 1.7 (1.5–2)

375.4 
(283.3–
587.7)

13.78 
(10.5–
17.7)

47.9 (37.7–
60.5)

248.2 
(216.7–
301.7)

Females 5.3 (4–7) 16.3 
(12.4–20.9)

204.9 
(189.9–
226.8)

53.3 
(40–68.9)

177.4 
(134.3–
227.4)

232.7 
(218.9–
249.5)

0.24 
(0.15–0.3)

1 
(0.86–1.2)

310.9 
(222.5–
607.6)

7.6 
(5.6––9.9)

26.3 
(21–33.2)

245.5 
(209.2–
338.2)

Males 4.9 
(3.6–6.4)

13.8 
(10.7–17.7)

180.3 ( 
158.3–
212.2)

52.5 
(39.5–68.2)

161.6 
(125.2–
205.4)

207.9 
(190.3–
234.5)

0.12 
(0.08–0.16)

0.7 (0.51–
0.85)

505.3 
(299.3–
691.8)

6.1 
(4.5–8.1)

21.6 (16.7–
27.6)

251.6 
(194.6–
302.9)

Age 
Standard-
ized Rate 
per 100,000 
No. (95% 
UI)

Total 42.8 
(32.6–54.9)

42.8 
(32.4–55.1)

 − 0.2 (− 1.6 
to 1.3)

518.1 
(394.6–
666.6)

514 
(391.9–
659)

 − 0.8 (− 2.2 
to 0.6)

3.1 
(2.1–3.8)

3.2 
(2.7–3.6 )

1.9 (− 18.7 
to 51.5)

75.3 (57.3–
95.6 )

75.3 (59.9–
94.6)

0 (− 10.4 to 
19.1 )

Females 47.3 
(35.6–60.9)

46.8 
(35.1–60.3)

 − 1.2 (− 2.9 
to 0.5)

551.8 
(419.2–
707.9)

546.1 
(415.4–
700.6)

 − 1 (− 2.7 
to 0.8)

3.9 
(2.4–4.9)

3.8 
(3.2–4.5)

 − 3.3 
(− 25.2 to 
70.6)

87 (63.1–
111.4 )

84.5 (67.7–
106.3)

 − 2.9 
(− 14.9 to 
26.8 )

Males 38.4 
(29.3–49.1)

38.6 
(29.4–49.8)

0.6 (− 1 to 
2.3)

478.3 
(366.5–
615.7)

482.3 
(367.3–
617.9)

0.8 (− 0.9 
to 2.5)

2.1 
(1.4–2.8) 2.6 (1.8–3) 23.5 (− 14.7 

to 59.1)
61.5 
(47–79.5 )

66.5 (51.3–
84.2)

8 (− 8.7 to 
21.6 )
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AF/AFL DALY and death rates attributable to risk factors
A substantial proportion of AF/AFL-related deaths in males and females were attributable to high systolic blood 
pressure (46% and 47.9%, respectively) and elevated BMI (33.6% and 43.4%, respectively) in 2019. Furthermore, 
the majority of AF/AFL attributed DALY in males and females were linked to high systolic blood pressure (45.1% 
and 50.7%, respectively) and high BMI (29.3% and 39.7%, respectively). Of note, the impact of high BMI on 
AF/AFL-related death and DALY became more pronounced in 2019. Additionally, the effect of elevated BMI 
on AF/AFL-related death and DALY was more pronounced in females (43.4% vs. 33.6% and 39.7% vs. 29.3%, 
respectively). In comparison, smoking had a more prominent effect in males (8.6% vs. 1.2%, and 14.2% vs. 2.4%, 
respectively). (Figs. 5 and 6).

Decomposition analysis
Overall, the increase in AF/AFL cases at the national level was mainly attributed to population aging. This trend 
held for most provinces, and the effect of population aging was more prominent in Alborz province. On the 
other hand, in Hormozgan, Sistan, and Baluchistan provinces, the upsurge in AF/AFL cases was primarily due 
to population growth. The decomposition analysis of new AF/AFL cases at the national and subnational levels 
is presented in Supplementary Table 3.

Future projections
In 2050 projections of AF/AFL, the incidence will surge to 91,510 people, with a 202.55% increase compared 
to 2019. Moreover, the prevalence will increase to 1,154,116 people with a 240.28% increase compared to 2019. 
The rise in AF/AFL incidence and prevalence was more pronounced in females (227% vs. 172% and 275% vs. 
201%, respectively). Furthermore, the projected AF/AFL-related death and DALY escalated by 312% and 255% to 

Fig. 2.   Age-standardized death and disability-adjusted life-year (DALY) rates (per 100,000 people) of AF/AFL 
at sub-national level in 1990 and 2019.
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7,286 and 170,820 in 2050, respectively. Similar to previous indices, the increase in AF/AFL DALY and mortality 
was more noticeable in females (298% vs. 203%, and 386% vs. 211%, respectively). Of note, the rise in AF/AFL-
related deaths and DALY was more pronounced compared to the increase in incidence and prevalence. Future 
projections of the epidemiology and burden metrics of AF/AFL are shown in Table 2.

Discussion
Our study provides a comprehensive analysis of the epidemiological and burden metrics of AF/AFL in Iran. 
We evaluated the incidence, prevalence, deaths, and DALYs of AF/AFL from 1990 to 2019 using high-quality 
data. Although the age-standardized incidence and prevalence rates of AF/ AFL remained stable during the 
study period, the absolute number of new cases increased by 193.1% to 30 thousand people, and the prevalence 
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surged by 220.4% to approximately 339 thousand people in 2019. Projections based on United Nations world 
population data indicate that, in the absence of effective interventions, the annual incidence of AF/AFL will reach 
about 91 thousand people, and the prevalence will exceed 1 million people by 2050. These increases are notably 
higher than the global trends, which show a 103.9% rise in incidence and a 111% rise in prevalence over the 30 
years18. The findings are in line with previous studies demonstrating that the increase in AF/AFL incidence and 
prevalence are higher in the Middle East region, which can attributed to many factors, including population 
aging, rapid economic developments in recent years, and the shift toward westernized diets, despite the slower 
progress in education and medical care19,20.

Furthermore, our analyses showed that AF/AFL burden is progressively rising, with a 375.4% increase in AF/
AFL-related deaths and a 248.2% increase in DALYs. These numbers are higher than global figures, which show 
a 169.2% increase in AF/AFL-related deaths and a 121.6% increase in DALYs18. Projections suggest that by 2050, 
AF/AFL-related deaths and DALYs could reach about 7 and 170 thousand annually. Notably, we found that the 
number of AF/AFL-related deaths and DALY increased faster than the prevalent and incident cases. These trends 
highlight the urgent need for early detection of AF/AFL beside developing more effective treatment strategies. 
Global observations showed that the European nations have been more successful in managing the burden of 
AF/AFL18. Therefore, Iran could benefit from increasing investments in education and medical care alongside 
employing the public health strategies of European countries to mitigate the following trend.
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Disparities in the disease burden of AF/AFL were evident in different gender groups, with overall incidence, 
prevalence, and AF/AFL-attributed deaths and DALYs higher in females than in males both in 1990 and 2019. 
The higher incidence and prevalence in females can be explained through two hypotheses. Previous studies 
have reported that females presented more symptoms for AF/AFL21, which showed that higher amounts of AF/
AFL are undetectable in males. Besides that, males may be more prone to neglecting their symptoms and not 
approaching medical services for further investigations. Moreover, the studies suggested that females are less 
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Fig. 6.   The proportion of age-standardized AF/AFL-attributed death rate due to the risk factors.

Table 2.   Future projections of AF/AFL changes incidence, prevalence deaths, and DALYs in 2050 based on 
United Nations world population prospect data. DALYs, disability-adjusted life years.

Incidence Prevalence Deaths DALYs

2019 2050 Rate of change % 2019 2050 Rate of change % 2019 2050 Rate of change % 2019 2050 Rate of change %

Total 30,246 91,510 202.55 339,164 1,154,116 240.28 1766 7286 312.51 47,997 170,820 255.90

Females 13,879 53,648 172.80 177,487 666,402 275.47 1019 4961 386.54 26,356 105,114 298.81

Males 16,367 37,861 227.78 161,677 487,714 201.66 746 2325 211.50 21,640 65,706 203.63
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likely to use rhythm control strategies such as electrical cardioversion, catheter ablation, or surgical ablation22,23, 
which leads to higher deaths and DALYs. It is noteworthy that the observed gender gap has exhibited a dimin-
ishing trend over 30 years. Nevertheless, further research and resource allocation are needed to eliminate the 
remaining gender inequality.

This study also showed that 50–69-year-old patients exhibited the highest incidence, prevalence, and DALY 
for AF/AFL. Nonetheless, patients aged 85 years and above had the highest AF/AFL-related mortality with the 
highest increase in epidemiological and burden metrics. Likewise, previous studies demonstrated that more than 
90% of AF/AFL-related mortality occurs above the age of 6524. Even though the underlying mechanisms are still 
unknown, aging may increase the risk of AF/AFL through several ways, including the myocardial remodeling 
caused by aging-related underlying diseases, myocardial fibrosis, or age-dependent left atrial dilation (senile 
amyloidosis)25. Considering the substantial impact of population aging on the increase of AF/AFL burden, the 
results suggest that the management of AF/AFL in the elderly is insufficient and requires more attention. It is 
worth mentioning that in contrast to previous studies18, we found no discernible difference between AF/AFL 
burden metrics among SDI groups after age standardization. This finding highlights the need for further invest-
ment in AF/AFL prognosis and treatment without considering the SDI of provinces.

We found that a substantial portion of the disease burden of AF/AFL (including deaths and DALYs) can 
be traced back to modifiable factors such as high systolic blood pressure, elevated BMI, smoking, and diet. 
Therefore, diverse strategies are needed to prevent and treat these risk factors. Similar to previous studies, high 
systolic blood pressure emerged as the leading risk factor in the disease burden of AF/AFL26,27. Therefore, a 
more aggressive approach to hypertension prevention and treatment is recommended. On the other hand, the 
impact of elevated BMI on the disease burden of AF/AFL is on the rise, making it a risk factor that cannot be 
ignored. Studies have shown that, as an independent risk factor, each unit increase in BMI corresponds to a 
4–5% increase in the risk of AF/AFL28. Moreover, elevated BMI contributes to the increased risk of AF/AFL 
by increasing the risk of hypertension29. It is necessary for today’s national and regional health departments to 
actively seek health, education, and economic-based approaches to mitigate the aforementioned risk factors 
through healthy lifestyle behaviors like smoking and alcohol cessation programs, encouraging low-salt and 
low-fat diets, and appropriate exercise.

Limitations
Our study comes with some shortcomings that should be taken into account. First, despite the advancements in 
AF/AFL diagnosis, a large number of AF/AFL cases are asymptomatic or have paroxysmal attacks and remain 
undiagnosed with electrocardiogram assessments, leading to underestimating the true burden of AF/AFL. Sec-
ond, AF/AFL is categorized into different types, including paroxysmal AF/AFL, persistent AF/AFL, and perma-
nent AF/AFL. However, the GBD database failed to distinguish between these variations and recognized all of 
them as AF/AFL. Therefore, further analyses on AF/AFL types were not possible. Third, the GBD database was 
unable to specify the specific cause of AF/AFL-related deaths and DALYs in this study. However, it employed 
various methods to enhance the comparability of the outcomes reported. Fourth, the GBD database was unable 
to provide the specific treatment strategies for AF/AFL throughout the study period. Nevertheless, we reported 
ASRs of epidemiological and burden metrics to provide a more robust measure for comparing the effect of old 
prevention and treatment strategies with newer ones. Fifth, our predictions regarding the future burden of AF/
AFL relied on the United Nations world population prospect data by using the age-standardized metrics from 
2019. This approach did not consider other influencing factors, which add a degree of uncertainty to the results 
and should be weighed carefully.

Conclusions
This study showed that despite noticeable advancements, AF/AFL remains a major public health problem in 
Iran. Over the past 30 years, the epidemiological and burden metrics of AF/AFL have increased significantly, 
mostly due to population aging and population growth. The burden of AF/AFL varies between different age and 
gender groups and is more pronounced in over 50–69-year-old patients and females. Moreover, the prevention 
of AF/AFL is largely achievable through the adoption of healthier lifestyle behaviors.

Data availability
The datasets generated and analyzed during the current study are available on the GBD Study 2019 and the 
“GBD Compare” web pages. (https://​ghdx.​healt​hdata.​org/​gbd-​resul​ts-​tool and https://​vizhub.​healt​hdata.​org/​
gbd-​compa​re/ respectively).
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