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Abstract
Background: Atrial fibrillation (AF) increases heart failure (HF) risk and can eventually 
increase morbidity and mortality. Therefore, recognizing risk factors in AF patients is 
crucial to prevent heart failure. To date, there has been no research on this topic in 
Indonesia.
Objective: To determine risk factors of new-onset HF in AF patients.
Methods: Case–control study was undertaken at Cipto Mangunkusumo Hospital using 
medical record data from January 2018 to May 2023. AF patients aged ≥18 years with 
new-onset HF were included in the case group, and AF patients of similar age without 
HF were included in the control group. Patients with moderate or severe valvular 
heart disease, congenital heart disease, pacemakers, or implantable cardioverter de-
fibrillators (ICD), or incomplete data were excluded. Logistic regression was used to 
identify significant risk factors for new-onset HF in AF patients.
Results: A total of 132 subjects consisting of 44 cases and 88 controls were included. 
Bivariate analysis revealed that the significant risk factors for new-onset HF in AF 
patients were CAD [p = .037; OR 2.34 (95% CI 1.11–4.93)], CKD [p = .000; OR 7.78 
(95% CI 3.45–17.53)], and LAVI [p = .002; OR 3.23 (95% CI 1.52–6.85)]. In multivariate 
analysis, CKD [p = .000; OR 6.31 (95% CI 2.69–14.77)] and LAVI [p = .000; OR 3.49 
(95% CI 1.42–9.97)] retained their statistical significance as risk factors of new-onset 
HF in AF patients.
Conclusions: CKD and increased LAVI may increase the likelihood of new-onset HF 
in AF patients, while hypertension, diabetes, CAD, smoking, and obesity were not 
significant risk factors for new-onset HF in our study.
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1  |  INTRODUC TION

Atrial fibrillation (AF) affects up to 33 million people worldwide, 
while heart failure (HF) affects about 26 million people. AF and 
HF have shared risk factors and can mutually lead to disease pro-
gression. These two conditions frequently coexist; the combination 
has a greater risk of hospitalization and mortality than either does 
alone.1,2 AF causes HF through several mechanisms, including loss 
of atrial contractions, ventricular irregularities, tachycardia, renin 
angiotensin aldosterone system (RAAS) activation, adrenergic over-
drive, and changes in myocardial structure and fibrosis.1

According to worldwide AF registries, the incidence of HF is 33% 
in patients with paroxysmal AF, 44% in patients with persistent AF, 
and 56% in patients with permanent AF.3 HF incidence after new-
onset AF (17.4 cases/1000 person-years) is greater than stroke (9 
cases/1000 person-years) and myocardial infarction (4.4 cases/1000 
person-years) incidence.4 Consequently, specific strategies and 
early diagnosis are required to prevent HF in AF patients.5 However, 
studies concerning strategies for preventing HF occurrence are still 
limited.6 As such, we aimed to determine the risk factors of new-
onset HF in AF patients. We hypothesized that hypertension, dia-
betes, chronic kidney disease (CKD), coronary artery disease (CAD), 
smoking, obesity, and left atrial volume index (LAVI) were risk fac-
tors of new-onset HF in AF patients.

2  |  METHODS

This case–control study used secondary data of AF patients col-
lected from medical records at Cipto Mangunkusumo Hospital from 
January 2018 to May 2023. AF inpatients and outpatients were in-
cluded. The inclusion criteria for the case group were AF patients 
aged ≥18 years with new-onset HF after AF diagnoses. The inclu-
sion criteria for the control group were AF patients aged ≥18 years 
without HF. The exclusion criteria were moderate or severe valvu-
lar heart disease, congenital heart disease, use of a pacemaker or 
implantable cardioverter-defibrillator (ICD), or incomplete medical 
record data.

Of 9110 medical records of AF patients, there were 2645 AF 
patients without HF and 6465 AF patients with HF. We randomly 
selected a total of 132 subjects consisting of 44 cases and 88 con-
trols. Controls were randomly selected using the Integer Generator 
(www.​random.​org). Cases were selected using the purposive sam-
pling method by selecting the first 44 cases because of the limited 
amount of AF with new-onset HF cases in Cipto Mangunkusumo 
Hospital as the tertiary referral hospital, in which most of the 
AF patients that come to our center usually already present with 
preexisting HF as a comorbidity. Logistic regression analysis with 
SPSS IBM 25 software was used to analyze potential risk factors 
for new-onset HF in AF patients including hypertension, diabetes, 
CKD, CAD, smoking, obesity, and increased LAVI. Delta OR was 
defined as the percentage change in OR. Hypertension was de-
fined as systolic blood pressure value ≥140 mmHg and/or diastolic 

blood pressure value ≥90 mmHg within two measurements, pre-
viously diagnosed hypertension, or currently taking antihyper-
tensive medication.7 Diabetes was defined as a clinical syndrome 
along with Random Blood Glucose (RBG) value ≥200 mg/dL or 
Fasting Blood Glucose (FBG) value ≥126 mg/dL; RBS or 2-hour 
Oral Glucose Tolerance Test (OGTT) value ≥200 mg/dL; HbA1c 
value ≥6.5; previously diagnosed diabetes mellitus; or currently 
taking insulin therapy or antidiabetic medication.8 Chronic kidney 
disease was defined as eGFR <60 mL/min/1.73 m2 at ≥2 visits.9 
Coronary artery disease was defined as the evidence of coronary 
stenosis based on coronary angiography or imaging results.10 The 
occurrence of each potential risk factor (hypertension, diabetes, 
CKD, and CAD) was collected from the age of 18 years until the 
date of a HF incident for cases or the date of the most recent 
hospital visit for controls. We specified a minimum duration of 
all comorbidities to be 6 months. Smoking was defined as having 
ever smoked or still smoking at the time of data collection, and 
a total of at least 100 cigarettes smoked.11 Obesity was defined 
as a body mass index (BMI) of 25 kg/m2 or greater based on the 
Asian population standard from WHO.12,13 LAVI was defined 
as the value at the first echocardiography examination after AF 
diagnosis. Increased LAVI was defined as an LAVI of more than 
34 mL/m2.14 This research was approved by the Health Research 
Ethics Committee, Faculty of Medicine, Universitas Indonesia.

3  |  RESULTS

From a total of 9110 AF patients, 88 patients were included in the 
control group and 44 patients were included in the case group 
(Figure 1). Baseline characteristics of the subjects are presented in 
Table 1. Both the case and control groups were predominantly male 
(56.8% vs. 54.6%, respectively). This result was in accordance with 
other studies, which stated that AF patients comprise a greater pro-
portion of males than females. More than half of both groups were 
aged ≥60 years. The most common type of AF was long-standing 

F I G U R E  1 Flowchart of subject recruitment.
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persistent AF (43.2%) in the case group and paroxysmal AF (50%) in 
the control group. The median duration of AF in the case group was 
10 months, whereas in the control group, the median was more than 
twofold of it (22 months). The case and control groups had median 
heart rates during AF of 81 and 85.5 beats per minute, respectively. 
More than half of the case subjects had comorbidities such as hy-
pertension (77.3%), CAD (52.3%), and CKD (68.2%). The majority of 
case subjects were not diabetics (72.7%); the majority of the case 
and control subjects were nonsmoking (63.6% vs. 79.6%, respec-
tively). Body mass indexes (BMIs) were similar between groups, with 
a median BMI of 28.5 kg/m2. The majority of case subjects had in-
creased LAVI (77.3%), while 56.8% of the control group had normal 
values. The median values for EF baseline were similar for case and 
control groups (61.3% vs 61.0%, respectively).

Bivariate analysis revealed that CAD, CKD, and increased LAVI 
were statistically significant risk factors of new-onset HF [OR 2.34; 
(95% CI 1.11–4.93); OR 7.78 (95% CI 3.45–17.53)], and OR 4.47 (95% 
CI 1.96–10.17), respectively (p < .05) (Table 2). The result of multi-
variate logistic regression analysis revealed that CKD and increased 
LAVI retained their statistical significance as risk factors of new-
onset HF with OR 6.31 (95% CI 2.69–14.77) and OR 3.49 (95% CI 
1.42–9.97), respectively (Table 3).

Interestingly, we found that the hypertension OR changed from 
1.76 (95% CI 0.77–4.04) to 0.66 (95% CI 0.22–1.94) between the two 
analyses. Therefore, we did an additional multivariate analysis to 
determine the confounding factors of hypertension. We discovered 
that CKD was a confounding factor, with a percentage change in OR 
of 44.89% (Table 4). This finding may have occurred because 26 of 
34 (76.5%) hypertensive patients in the case group also had comor-
bid CKD. This condition potentially caused the hypertension variable 
to lose its statistical significance after multivariate analysis.

4  |  DISCUSSION

Consistent with previous studies,15,16 we had more male than female 
AF patients at a ratio of 1.2:1. The majority of subjects were aged 
more than 60 years. This finding was in agreement with reported 
AF population prevalences increasing with age, i.e., 0.12%–0.16% in 
people aged <49 years, 3.7–4.2% in people aged 60–70 years, and 
reaching 10%–17% in those aged >80 years. The most common type 
of AF was long-standing persistent in the case group and paroxysmal 

TA B L E  1 Baseline characteristics of case and control subjects.

Characteristics Cases (n = 44) Controls (n = 88)

Gender, n (%)

Male 25 (56.8) 48 (54.6)

Female 19 (43.2) 40 (45.5)

Age, n (%)

<60 years 16 (36.4) 25 (28.4)

≥60 years 28 (63.6) 63 (71.6)

Age, years (median, IQR) 64 (52.5–75.8) 66 (58.3–72)

Heart rate during AF, 
bpm (median, IQR)

81 (68.3–98.8) 85.5 (71.5–104.5)

Type of AF, n (%)

Paroxysmal 18 (40.9) 44 (50)

Persistent 4 (9.1) 16 (18.2)

Long-standing 
persistent

19 (43.2) 23 (26.1)

Permanent 3 (6.8) 5 (5.7)

Duration of AF, months 
(median, IQR)

10 (2.3–24) 22 (7.3–45)

Rhythm control on AF patients, n (%)

Yes 4 (9.1) 11 (12.5)

No 40 (90.9) 77 (87.5)

Hypertension, n (%)

Yes 34 (77.3) 58 (65.9)

No 10 (22.7) 30 (34.1)

Diabetes, n (%)

Yes 12 (27.3) 16 (18.2)

No 32 (72.7) 72 (81.8)

CAD, n (%)

Yes 23 (52.3) 28 (31.8)

No 21 (47.7) 60 (68.2)

CKD, eGFR <60 mL/min/1.73 m2 at ≥2 visits, n (%)

Yes 30 (68.2) 19 (21.6)

No 14 (31.8) 69 (78.4)

CKD, mL/min/1.73 m2 
(median, IQR)

50.4 (33.5–55.3) 49.5 (37.6–55.3)

Smoking, n (%)

Yes 16 (36.4) 18 (20.5)

No 28 (63.6) 70 (79.6)

Duration of smoking, 
years (median, IQR)

30 (20–40) 21.5 (18.8–30)

BMI, n (%)

<25 kg/m2 20 (45.5) 52 (59.1)

≥25 kg/m2 24 (54.6) 36 (40.9)

BMI, kg/m2 (median, 
IQR)

28.5 (26–31.5) 28.5 (26.8–30.4)

LAVI, n (%)

>34 mL/m2 34 (77.3) 38 (43.2)

≤34 mL/m2 10 (22.7) 50 (56.8)

(Continues)

Characteristics Cases (n = 44) Controls (n = 88)

LAVI, mL/m2 (median, 
IQR)

47.7 (40.8–65.2) 48.2 (41.5–60.6)

LVEF baseline (median, 
IQR)

61.3 (50.0–77.1) 61.0 (50.1–85.0)

Abbreviations: BMI, body mass index; bpm, beat per minute; CAD, 
coronary artery disease; CKD, chronic kidney disease; IQR, interquartile 
range; LAVI, left atrium volume index; LVEF, left ventricular ejection 
fraction.

TA B L E  1 (Continued)
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in the control group, in contrast with an observational study report-
ing that permanent AF was the most commonly diagnosed.16

AF patients with CKD had a 6.84-fold higher risk of new-onset 
HF compared to those without CKD [OR 6.31 (95% CI 2.69–14.77); 
p = .000], similar to results from previous studies.1,4,17 This higher 
risk may have been owing to overactivation of the renin-angiotensin-
aldosterone system (RAAS), vascular changes that can cause arterial 
stiffness and hypertension, and systemic inflammation in CKD pa-
tients. These conditions, along with decreased cardiac output be-
cause of the loss of atrial contraction and heartbeat irregularity in 
AF, can lead to HF.1,18

We also found that AF patients with increased LAVI had a greater 
risk of new-onset HF compared to those with normal LAVI [OR 3.49 
(95% CI 1.42–9.97); p = .005]. This result was consistent with pre-
vious studies, which stated that increased LAVI was a risk factor 

TA B L E  2 Bivariate analysis of risk factors for new-onset HF in AF patients.

Variable Cases n (%) Controls n (%) p OR (95% CI)

Hypertension .183 1.76 (0.77–4.04)

Yes 34 (77.3) 58 (65.9)

No 10 (22.7) 30 (34.1)

Diabetes .228 1.68 (0.71–3.97)

Yes 12 (27.3) 16 (18.2)

No 32 (72.7) 72 (81.8)

Coronary artery disease
Yes

23 (52.3) 28 (31.8) .023* 2.34 (1.11–4.93)

No 21 (47.7) 60 (68.2)

Chronic kidney disease .000* 7.78 (3.45–17.53)

Yes 30 (68.2) 19 (21.6)

No 14 (31.8) 69 (78.4)

Smoking .049 2.22 (0.99–4.96)

Yes 16 (36.4) 18 (20.5)

No 28 (63.6) 70 (79.6)

Obesity .138 1.73 (0.78–3.84)

Yes 24 (54.6) 36 (40.9)

No 20 (45.5) 52 (59.1)

LAVI .000* 4.47 (1.96–10.17)

Increased 34 (77.3) 38 (43.2)

Normal 10 (22.7) 50 (56.8)

LVEF_baselinea 61.049 62.295 .351

Abbreviation: EF, ejection fraction.
aT-Test.
*Significant (p < .05).

TA B L E  3 Multivariate analysis of risk factors for new-onset HF 
in AF patients.

Variable p OR (95% CI)

Chronic kidney disease .000* 6.31 (2.69–14.77)

Coronary artery disease .246 1.66 (0.70–3.93)

LAVI .005* 3.49 (1.42–9.97)

*Significant (p < .05).

TA B L E  4 Multivariate analysis of hypertension with CKD and 
other risk factors.

Variable p OR (95% CI) Delta OR (%)

Crude OR

Hypertension .181 1.76 (0.77–4.04)

Adjusted OR

+ Chronic kidney 
disease

.943 0.96 (0.37–2.50) 44.89

+ LAVI .812 0.88 (0.32–2.39) 8.25

+ Coronary artery 
disease

.650 0.78 (0.28–2.20) 8.99

+ Smoking .589 0.75 (0.26–2.12) 8.64

+ Obesity .553 0.72 (0.25–2.08) 6.76

+ Diabetes .451 0.66 (0.22–1.94) 4.35
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for new-onset HF in AF patients. Left atrium dilatation reflects 
the enhancement of left atrium pressure and left ventricular filling 
pressure. When the left atrium malfunctions and loses its buffering 
effects, it can lead to HF and pulmonary congestion.19–21

Hypertension can provoke hypertensive heart disease (HHD) 
marked by a prolonged increase in left ventricular filling pressure, 
diastolic dysfunction of the left ventricle, and left ventricular hy-
pertrophy. These conditions are the main cause of HF in hyperten-
sion patients.17,22 Hypertension was the most common comorbidity 
in our AF patients, but was not a significant factor in the incidence 
of new-onset HF in AF patients based on the bivariate analysis [OR 
1.76 (95% CI 0.77–4.04); p = .183]. This was probably because of two 
mechanisms: low diastolic blood pressure and decapitated hyper-
tension. Low diastolic blood pressure disrupts coronary blood flow, 
leading to decreased coronary perfusion, thereby affecting the myo-
cardium and causing HF. Decapitated hypertension is systolic blood 
pressure at a relatively low level, including patients who previously 
had hypertension. This condition is commonly found in severe HF 
because of decreased left ventricular ejection fraction and cardiac 
output.2,17,23,24

CAD can damage myocardial cells because of ischemic pro-
cesses, leading to HF in the future. At the same time, excessive 
RAAS activation and irregular ventricular contraction in AF also lead 
to diastolic dysfunction. All of these conditions can generate HF.1 
We discovered that CAD did not significantly increase the likelihood 
of new-onset HF [OR 1.66 (95% CI 0.70–3.93); p = .246], similar to a 
study by Eggimann et al.,13 despite three previous studies stating the 
opposite result.2,4,25

Another risk factor evaluated in our study was diabetes, which 
is a major risk factor for cardiovascular diseases, including AF, 
ischemic heart disease, and HF.26 Diabetes did not significantly 
increase the likelihood of new-onset HF in AF patients in bivari-
ate analysis, although the OR was >1 [OR 1.68 (95% CI 0.71–3.97); 
p = .228]. This finding was consistent with the 2017 ORBIT-AF reg-
istry study,27 whereas other research (Krisai, et  al. and Polovina, 
et al.) suggested the contrary.2,28 However, we did not assess pa-
tients' control of their diabetes, which may have influenced the re-
sults such that diabetes was not statistically significant as a risk 
factor for new-onset HF.

Obesity increases HF risk because of a pro-inflammatory state 
and increased blood volume, which in turn leads to left ventricular 
hypertrophy. Moreover, increased BMI has also been associated 
with left atrium dilatation, with increased pressure and volume.1,29,30 
On the contrary, based on bivariate analysis, we found that obesity 
was not a risk factor for new-onset HF in AF patients [OR 1.73 (95% 
CI 0.78–3.84); p = .138]. This finding aligned with a meta-analysis2 
and another ORBIT-AF registry study.31 The obesity paradox, a term 
that refers to the inverse relationship between BMI and adverse pa-
tient outcomes including HF, CAD, AF, and hypertension, probably 
caused the result to lack statistical significance.32 There are several 
hypothesized mechanisms in the obesity paradox, including lower 

increases of plasma renin and angiotensin as a response to stress 
giving a better outcome and providing greater metabolic reserves to 
counteract increased catabolic stress.25,31

Smoking increases the risk of HF by reducing oxygen uptake ca-
pacity and causing coronary vasoconstriction, which leads to fur-
ther myocardial ischemia. Moreover, smoking can also accelerate 
atherosclerosis.30 In our study, however, bivariate analysis showed 
that smoking had no significant relationship with new-onset HF in 
AF patients [OR 2.22 (95% CI 0.99–4.96); p = .049], consistent with 
studies by Krisai et al., Eggimann et al., and Pandey et al.2,17,33

5  |  CONCLUSIONS

CKD and increased LAVI were associated with an increased risk 
of new-onset HF in AF patients. However, hypertension, diabetes, 
CAD, smoking, and obesity were not associated with an increased 
risk of new-onset HF in our study. Our findings suggest that clini-
cians should conduct routine screenings for comorbid CKD by labo-
ratory and echocardiographic examinations to determine LAVI in AF 
patients. Controlling risk factors more tightly may help prevent new-
onset HF. In addition, early detection of new-onset HF is important 
so that HF can be treated earlier.

AUTHOR CONTRIBUTIONS
All authors formulated the research from concept to study design 
and methodology. Resultanti Irwan Muin organized project adminis-
tration and resources. Resultanti Irwan Muin and Kuntjoro Harimurti 
analyzed and created visualizations of the results. Resultanti Irwan 
Muin, Muhammad Yamin, Ika Prasetya Wijaya, and Kuntjoro 
Harimurti wrote and edited the manuscript. Muhammad Yamin, 
Ika Prasetya Wijaya, Kuntjoro Harimurti, Hamzah Shatri, Cosphiadi 
Irawan, and Pradana Soewondo supervised the preparation of the 
manuscript. Muhammad Yamin, Ika Prasetya Wijaya, and Kuntjoro 
Harimurti revised the manuscript. All authors gave their final ap-
proval of the version to be published and were in agreement to be 
accountable for all aspects of the work.

ACKNOWLEDG MENTS
We would like to extend our gratitude to our department for al-
lowing us to perform the study and to our colleagues who provided 
valuable suggestions on the manuscript.

FUNDING INFORMATION
No specific funding was received from anybody in the public, com-
mercial, or not-for-profit sectors to carry out the work described in 
this article.

CONFLIC T OF INTERE S T S TATEMENT
The authors declare that there are no conflicts of interest for this 
article.



6 of 7  |     MUIN et al.

DATA AVAIL ABILIT Y S TATEMENT
Data is available upon request due to privacy and ethical restric-
tions. The findings of this study can be supported by data available 
from the corresponding author upon request. 

E THIC S APPROVAL S TATEMENT
This research was approved by The Health Research Ethics 
Committee, Faculty of Medicine, Universitas Indonesia, with an ap-
proval number of KET-1762/UN2.F1/ETIK/PPM.00.02/2023.

ORCID
Muhammad Yamin   https://orcid.org/0000-0003-0786-3856 

R E FE R E N C E S
	 1.	 Verhaert DVM, La Brunner- Rocca HP, Van Veldhuisen DJ, Vernooy 

K. The bidirectional interaction between atrial fibrillation and 
heart failure: consequences for the management of both diseases. 
Europace. 2021;23:II40–I45.

	 2.	 Krisai P, Johnson LSB, Moschovitis G, Benz A, Ramasundarahettige 
C, McIntyre WF, et  al. Incidence and predictors of heart failure 
in patients with atrial fibrillation. CJC Open. 2021;3(12):1482–9. 
https://​doi.​org/​10.​1016/j.​cjco.​2021.​07.​016

	 3.	 Kotecha D, Piccini JP. Atrial fibrillation in heart failure: what should 
we do? Eur Heart J. 2015;36:3250–7.

	 4.	 Chatterjee NA, Chae CU, Kim E, Moorthy MV, Conen D, Sandhu 
RK, et al. Modifiable risk factors for incident heart failure in atrial 
fibrillation. JACC Heart Fail. 2017;5:552–60.

	 5.	 Ziaeian B, Fonarow GC. Epidemiology and aetiology of heart fail-
ure. Nat Rev Cardiol. 2016;13:368–78.

	 6.	 Ruddox V, Sandven I, Munkhaugen J, Skattebu J, Edvardsen T, 
Otterstad JE. Atrial fibrillation and the risk for myocardial infarc-
tion, all-cause mortality, and heart failure: a systematic review and 
meta-analysis. Eur J Prev Cardiol. 2017;24:1555–66.

	 7.	 Mancia G, Kreutz R, Brunström M, Burnier M, Grassi G, Januszewicz 
A, et al. 2023 ESH guidelines for the management of arterial hy-
pertension the task force for the management of arterial hyper-
tension of the European Society of Hypertension: endorsed by the 
International Society of Hypertension (ISH) and the European Renal 
Association (ERA). J Hypertens. 2023 Dec 1;41(12):1874–2071.

	 8.	 American Diabetes Association professional practice committee. 
2. Diagnosis and classification of diabetes: standards of Care in 
Diabetes-2024. Diabetes Care. 2024;47(Suppl 1):S20–S42.

	 9.	 Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work 
Group. KDIGO 2024 Clinical Practice Guideline for the Evaluation 
and Management of Chronic Kidney Disease. Kidney Int. 2024 
Apr;105(4S):S117–S314.

	10.	 Knuuti J, Wijns W, Saraste A, Capodanno D, Barbato E, Funck-
Brentano C, et  al. 2019 ESC Guidelines for the diagnosis and 
management of chronic coronary syndromes. Eur Heart J. 
2020;41:407–77.

	11.	 Dube SR, Liu J, Fan AZ, Meltzer MI, Thompson WW. Assessment of 
age-related differences in smoking status and health-related qual-
ity of life (HRQoL): findings from the 2016 behavioral risk factor 
surveillance system. J Community Psychol. 2019;47:93–103.

	12.	 Weir CB, Jan A. BMI classification percentile and cut-off points. 
StatPearls [Internet]. Treasure Island, FL: StatPearls Publishing; 
2023 Jan.

	13.	 Zhao R, Yang X, Cui L, Wang L, Ye Y. Overweight and obesity deter-
mined by body mass index criteria for Asian populations adversely 
affect assisted reproductive outcomes among Chinese women with 

polycystic ovary syndrome. Int J Obes [Internet]. 2023. Available 
from: https://​www.​nature.​com/​artic​les/​s4136​6-​023-​01430​-​1#​
citeas

	14.	 Herrera C, Bruña V, Comellad A, de la Rosa A, Díaz-González L, 
Ruiz-Ortiz M, et al. Left atrial enlargement in competitive athletes 
and atrial electrophysiology. Rev Esp Cardiol. 2022;75(5):421–8. 
https://​doi.​org/​10.​1016/j.​rec.​2021.​05.​020

	15.	 Amir M, Irwan, Syafaryuni M, Levina. Prevalence and characteris-
tics of atrial fibrillation in Makassar city population: a telemedicine 
study. Gac Sanit. 2021;35:S510–4.

	16.	 Zoni-Berisso M, Lercari F, Carazza T, Domenicucci S. Epidemiology 
of atrial fibrillation: European perspective. Clin Epidemiol. 
2014;6:213–20.

	17.	 Eggimann L, Blum S, Aeschbacher S, Reusser A, Ammann P, Erne P, 
et al. Risk factors for heart failure hospitalizations among patients 
with atrial fibrillation. PLoS One. 2018;13:e0191736.

	18.	 van de Wouw J, Broekhuizen M, Sorop O, Joles JA, Verhaar 
MC, Duncker DJ, et  al. Chronic kidney disease as a risk factor 
for heart failure with preserved ejection fraction: a focus on mi-
crocirculatory factors and therapeutic targets. Front Physiol. 
2019;10:1108.

	19.	 Inciardi RM, Giugliano RP, Claggett B, Gupta DK, Chandra A, 
Ruff CT, et  al. Left atrial structure and function and the risk of 
death or heart failure in atrial fibrillation. Eur J Heart Fail. 2019 
Dec;21(12):1571–9.

	20.	 Taniguchi N, Miyasaka Y, Suwa Y, Harada S, Nakai E, Kawazoe K, 
et al. Usefulness of left atrial volume as an independent predictor of 
development of heart failure in patients with atrial fibrillation. Am J 
Cardiol. 2019;124:P1430–P1435.

	21.	 Azadani PN, King JB, Kheirkhahan M, Chang L, Marrouche NF, 
Wilson BD. Left atrial fibrosis is associated with new-onset 
heart failure in patients with atrial fibrillation. Int J Cardiol. 
2017;248:161–5.

	22.	 Börschel CS, Schnabel RB. The imminent epidemic of atrial fibrilla-
tion and its concomitant diseases - myocardial infarction and heart 
failure - A cause for concern. Int J Cardiol. 2019;287:162–73.

	23.	 Nicoli CD, O'Neal WT, Levitan EB, Singleton MJ, Judd SE, Howard G, 
et al. Atrial fibrillation and risk of incident heart failure with reduced 
versus preserved ejection fraction. Heart. 2022;108(5):353–9. 
https://​doi.​org/​10.​1136/​heart​jnl-​2021-​319122

	24.	 Messerli FH, Rimoldi SF, Bangalore S. The transition from hyper-
tension to heart failure: contemporary update. JACC Heart Fail. 
2017;5:543–51.

	25.	 Pandey A, Gersh BJ, McGuire DK, Shrader P, Thomas L, Kowey PR, 
et al. Association of body mass index with care and outcomes in 
patients with atrial fibrillation: results from the ORBIT-AF Registry. 
JACC Clin Electrophysiol. 2016;2(3):355–63. https://​doi.​org/​10.​
1016/j.​jacep.​2015.​12.​001

	26.	 Shah AD, Langenberg C, Rapsomaniki E, Denaxas S, Pujades-
Rodriguez M, Gale CP, et al. Type 2 diabetes and incidence of car-
diovascular diseases: a cohort study in 1·9 million people. Lancet 
Diabetes Endocrinol. 2015;3:105–13.

	27.	 Echouffo-Tcheugui JB, Shrader P, Thomas L, Gersh BJ, Kowey 
PR, Mahaffey KW, et  al. Atrial fibrillation patients with and 
without diabetes: ORBIT-AF registry. J Am Coll Cardiol. 
2017;70:1325–35.

	28.	 Polovina M, Lund LH, Đikić D, Petrović-Đorđević I, Krljanac G, 
Milinković I, et al. Type 2 diabetes increases the long-term risk of 
heart failure and mortality in patients with atrial fibrillation. Eur J 
Heart Fail. 2020;22:113–25.

	29.	 Alpert MA, Lavie CJ, Agrawal H, Aggarwal KB, Kumar SA. Obesity 
and heart failure: epidemiology, pathophysiology, clinical manifes-
tations, and management. Transl Res. 2013;16:345–56.

https://orcid.org/0000-0003-0786-3856
https://orcid.org/0000-0003-0786-3856
https://doi.org/10.1016/j.cjco.2021.07.016
https://www.nature.com/articles/s41366-023-01430-1#citeas
https://www.nature.com/articles/s41366-023-01430-1#citeas
https://doi.org/10.1016/j.rec.2021.05.020
https://doi.org/10.1136/heartjnl-2021-319122
https://doi.org/10.1016/j.jacep.2015.12.001
https://doi.org/10.1016/j.jacep.2015.12.001


    |  7 of 7MUIN et al.

	30.	 Vyas V, Lambiase P. Obesity and atrial fibrillation: epidemiology, 
pathophysiology, and novel therapeutic opportunities. Arrhythm 
Electrophysiol Rev. 2019;8:28–36.

	31.	 Guo L, Liu X, Yu P, Zhu W. The “obesity paradox” in patients with 
HFpEF with or without comorbid atrial fibrillation. Front Cardiovasc 
Med. 2022;8:743327. https://​doi.​org/​10.​3389/​fcvm.​2021.​743327

	32.	 Tutor AW, Lavie CJ, Kachur S, Milani RV, Ventura HO. Updates on 
obesity and the obesity paradox in cardiovascular diseases. Prog 
Cardiovasc Dis. 2023;78:2–10.

	33.	 Pandey A, Kim S, Moore C, Thomas L, Gersh B, Allen LA, et  al. 
Predictors and prognostic implications of incident heart fail-
ure in patients with prevalent atrial fibrillation. JACC Heart Fail. 
2017;5:44–52.

How to cite this article: Muin RI, Yamin M, Wijaya IP, 
Harimurti K, Shatri H, Irawan C, et al. Chronic kidney disease 
and increased LAVI as risk factors of new-onset heart failure 
in atrial fibrillation: A case-control study. J Arrhythmia. 
2025;41:1–7. https://doi.org/10.1002/joa3.70061

https://doi.org/10.3389/fcvm.2021.743327
https://doi.org/10.1002/joa3.70061

	Chronic kidney disease and increased LAVI as risk factors of new-onset heart failure in atrial fibrillation: A case-control study
	Abstract
	1  |  INTRODUCTION
	2  |  METHODS
	3  |  RESULTS
	4  |  DISCUSSION
	5  |  CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ETHICS APPROVAL STATEMENT
	ORCID
	REFERENCES


