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Background: Atrial fibrillation (AF) accounts for the majority of arrhythmias affecting adults. It is associated with an increased 
mortality and various complications. Obesity being a major risk factor of cardiovascular and metabolic diseases including AF has 
always been connected to the overall burden of AF, but its role in the development of AF complications remains unclear. Our study 
aims to evaluate the impact of obesity on the complications of AF in Jordanian patients to establish a proper prognosis since studies 
regarding this topic in the Middle East are scant.
Methods: This study analyzed data from the Jordanian AF study (JoFib), which enrolled Jordanians with AF. Clinical characteristics 
were compared among patients who developed complications and those who did not. A binary logistic regression analysis was 
conducted to identify factors associated with AF complications development.
Results: 1857 patients were enrolled. There was no significant difference in BMI value between patients who developed complications and 
those who did not. Male sex, old age, hypertension, diabetes mellitus, and higher risk scores were associated with increased odds of developing 
complications. The oral anticoagulant use was found to be protective. Smoking had no significant effect on odds of complications.
Conclusion: The study concludes that increased BMI is not significantly associated with a reduced risk of developing AF 
complications. Further research with longer follow-up and larger sample sizes is needed to confirm these results.
Keywords: atrial fibrillation, clinical outcome, complications, Middle East, obesity, paradox

Introduction
Atrial fibrillation is the most commonly encountered chronic cardiac arrhythmia in clinical practice among adults, it is 
associated with an increased risk of mortality, cerebrovascular accidents and systemic embolism, amassing an estimated global 
prevalence of up to 33.5 million patients worldwide1 that is expected to double over the next 40 years,2 A clarification of this 
profane course is the global aging and increase in elderly age group and survival with chronic diseases3 as well as risk factors 
including obesity, chronic kidney disease, hyperthyroidism, diabetes mellitus, hypertension, alcohol consumption, smoking 
and other modifiable lifestyle-related risk factors,4 The arrhythmia itself is not feared as much as its complications namely 
strokes, those of which their incidence have plummeted due to the utilization of oral anticoagulant agents (OACs) and direct 
OACs (DOACs) in particular,5 but the lack of access to such drugs has created a disparity of results in various regions of the 
world.6 There is more global focus on the prevention of such complications rather than treatment, by focusing on eliminating 
or reducing the risk factors to prevent contingency of Atrial fibrillation, and predominantly obesity.7

Obesity has become a pandemic affecting well over 650 million people around the world and continuously rising in 
prevalence at a shocking rate, which all may be attributed to the sedentary lifestyle and technological advances that made 
everything a click away.8 Obesity is described as a body mass index (BMI) greater than 30 kg/m2, it is a prime example 
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of modifiable risk factors associated with cardiovascular and metabolic diseases namely atrial fibrillation which all drive 
the rates of mortality and morbidity in obese patients,8 obesity exerts its effect through a cascade of pathophysiological 
mechanisms leading to Increased plasma levels of free-fatty acids and cytokines, intracellular non-adipose tissue lipids 
(eg, liposomes), and ectopic adipose tissue depots (eg, within the visceral compartment) can contribute to systemic 
inflammation, insulin resistance, and over activity of the sympathetic nervous system. The metabolic and anatomic 
effects of excess adiposity can lead to the development of type 2 diabetes, non-alcoholic fatty liver disease, obesity- 
related dyslipidemias, high blood pressure, and osteoarthritis. The cascade and associated diseases mainly metabolic 
syndromes (insulin-resistance, dyslipidemia, and hypertension) are the main contributors to obesity-related heart failure 
and cardiovascular diseases (CVD).9 Obesity induces hemodynamic changes that reshape cardiac structure, fostering 
conditions favorable for atrial fibrillation (AF). Elevated adiposity correlates with increased total blood volume, primarily 
boosting cardiac output through heightened stroke volume. Unfortunately, this sustained rise leads to left ventricular 
enlargement and hypertrophy, causing diastolic dysfunction and, over time, potential systolic impairment. Additionally, 
increased BMI is linked to left atrial enlargement, resulting in elevated pressures and volumes, and subsequent increased 
pulmonary capillary pressures. Obesity-related sleep-related breathing disorders exacerbate the risk, with cycles of 
hypoxia, acidosis, and disrupted sleep altering autonomic tone. This increases the likelihood of abnormal cardiac impulse 
formation and pulmonary arterial pressures, potentially leading to right ventricular hypertrophy and failure. Left 
unaddressed, these changes can result in biventricular hypertrophy and impairment, creating an ideal substrate for the 
genesis and persistence of AF.10 Since obesity plays a role in atherosclerosis and plaque development, it leads to 
structural and functional changes of the heart, which causes heart failure, the altered myocardial structure increases the 
risk of atrial fibrillation and sudden cardiac death.11

The interrelation between a higher body mass index (BMI) and the risk of AF along with other anthropometric measures 
namely waist circumference, weight and height has been the mainstay of various research worldwide,12 however, the connection 
between BMI and AF-related complications is somewhat unclear with studies suggesting an otherwise inverse relationship,12,13 

which led to the development of the obesity paradox phenomenon, which refers to the observation that even though obesity is 
a major risk factor for cardio and cerebrovascular diseases, obese patients that have developed such conditions have a better 
chance of survival in acute complications of these conditions mainly stroke and peripheral embolization in comparison to non- 
obese patients with similar conditions. An obese patient with atrial fibrillation appears to have a better long-term outcome than 
a non-obese patient with the same condition.14,15 Obesity, a cardiovascular risk factor, paradoxically demonstrates improved 
survival rates in acute cardiovascular decompensation, including congestive heart failure. Clinically, patients diagnosed with 
chronic cardiovascular diseases who are overweight or class I obese also exhibit enhanced survival rates and outcomes,16,17 

nevertheless there are not sufficient data that can prove such claim, especially in the Middle East.
The lack of Middle Eastern studies regarding obesity and complications of AF mainly stroke and systemic embolization 

has posed a difficult task in allocating a trend in the aforementioned relation, and the available studies are limited to a small 
number of enrolled patients and cannot be considered as reliable,5 which further insists on the need for finding an answer to 
that relation. The Jordan AF (JoFib) study enrolled Middle Eastern patients suffering from valvular AF (VAF) or non-valvular 
NVAF that are highly adherent to their usage of OAC and specifically DOACS and included major risk factors including 
hypertension, diabetes mellitus, alcohol use, smoking, and obesity.18 The purpose of this study was to determine whether 
obesity and body mass index affect prognosis in Middle Eastern patients receiving oral anticoagulants for AF that have been 
enrolled in the JoFib study.

Materials and Methods
The Jordan AF (JoFib) registry is a prospective, multicenter observational registry that enrolled consecutive AF patients aged 
>18 years in 19 hospitals and 11 outpatient clinics across Jordan between May 2019 through January 2021. Prior to the start of 
the data collection, a statistician conducted a power analysis and determined the sample size. Data were collected using 
a standardized clinical data form at the time of enrollment and were followed up at one, 6 and 12 months after the initial 
assessment. Diagnosis of AF was confirmed by a 12-lead electrocardiogram (EKG) rhythm strip lasting >30 seconds, >1 
episode of AF on an ambulatory EKG monitor, or a past diagnosis by a treating cardiologist. Baseline data included clinical 
and demographic profiles, laboratory data, EKG, transthoracic echocardiographic features, and the use of antiplatelet and 
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OACs including non-vitamin K anticoagulants and vitamin K antagonists, and other pharmacological medications. Standard 
definitions were used to classify the types of AF, including paroxysmal, persistent, long-standing, and permanent and to 
calculate the CHA2DS2-VASc and HAS-BLED scores for each patient.

The patients were stratified into four groups: underweight (BMI ≤ 18), normal weight (BMI ≥18 and <25 kg/m2), 
overweight (BMI ≥ 25 and <30 kg/m2), and obese (BMI ≥ 30 kg/m2). The Patient’s clinical characteristics, comorbid-
ities, risk scores, and AF complications were recorded. Atrial fibrillation complications included; cerebrovascular 
accidents (CVA), acute coronary syndrome (ACS), Major bleeding, systemic embolization (SSE) and mortality.

The institutional review board of Jordan University of Science and Technology, Prince Hamza Hospital, and Istishari 
Hospital approved all relevant study documentation and amendments and the study was registered at ClinicalTrials.gov 
under reference number NCT03917992. The study complies with the declaration of Helsinki and all patients signed 
a written informed consent. All treatment decisions were left to the discretion of the treating physician.

Statistical analysis
Summary statistics were utilized to describe the continuous variables, employing means and standard deviations (SD), 
while categorical variables were described using percentages. To compare the means between the two groups, an 
Independent t-test was performed, while a chi-square test was employed to compare percentages. In order to identify 
factors associated with the AF complications, a binary logistic regression analysis was conducted. The variables included 
in the logistic regression model were selected using a stepwise backward method, the BMI variable was used as 
a continuous variable not as categories in the regression model in order to increase sensitivity. A significance level of 
p < 0.05 was considered as statistically significant. The analysis was conducted using the IBM SPSS statistical software 
application (version 28).

Results
The BMI data were available for 1857 out of 2020 enrolled patients (91.9%). Basal demographics are presented in 
Table 1. The patients were distributed according to the BMI category, underweight (BMI ≤ 18, N = 13), normal weight 
(BMI ≥18 and <25 kg/m2, N = 423), overweight (BMI ≥25 and <30 kg/m2, N = 655), and obese (BMI ≥ 30 kg/m2, N = 
766). BMI categories are shown in Table 1. There was no significant difference in BMI value between patients who 
developed complications and those who did not.

In terms of sex, there was no significant difference in the percentage of males and females between the two groups. 
However, patients who developed complications were significantly older than those who did not. Patients using antiplatelet 
had a higher percentage of developing complication, but this difference is not statistically significant. There was no significant 
difference between patients who developed complication and those who did not in regard to OAC use. The percentage of 
patients who developed complications was significantly higher in those with a prior history of hypertension (HTN), diabetes 
mellitus (DM), and dyslipidemia. Regarding smoking, the percentage of smokers did not differ significantly between the two 
groups. The INR value did not differ significantly between the two groups; however, CH2DS2VASC and HASBLED scores 
were significantly higher in patients who developed complications compared to those who did not.

Table 2 illustrates the percentage of patients who developed complications in each BMI category. Patients with the 
lowest BMI had a higher percentage of mortality, CVA, and bleeding. On the other hand, patients with the highest BMI 
had more SE, whereas overweight patients had more ACS. Regarding all complications combined, we can note an 
increase in complication percentage as the BMI decreases. In addition, underweight patients had higher HA2DS2VASC 
and HASBLED scores.

A binary logistic regression analysis was conducted to evaluate the factors associated with complication development; 
the results are illustrated in Table 3. Male patients were found to have higher odds of developing complications of AF 
compared to female patients, there is a positive correlation between age and the chance of developing complications, with 
an increase in age increasing the likelihood of complications. In addition, patients with DM had higher odds of 
developing complications as well. The use of OAC drugs in AF patients has shown to be a protective factor that lowers 
the chances of complications and improves the prognosis in patients with AF, CHA2DS2VASC and HASBLED scores 
were shown to be important in developing AF complications in Jordanian patients as an increase in these scores shows 
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Table 1 Basal Demographic Characteristics

Complication No Complication Total P value

Sex 333 1687 2020 333
Male 164 (17.7) 761 (82.3) 925 (45.8) 0.166

Female 169 (15.4) 926 (84.6) 1095 (54.2)

Age 73.43 ±10.7 66.78 ±13.1 67.87 ±12.96 < 0.0001
< 50 9 (2.7) 175 (10.4) 184 (9.1)

50–70 89 (26.7) 647 (38.4) 736 (36.4)

70–90 220 (66.1) 846 (50.1) 1066 (52.8)
> 90 15 (4.5) 19 (1.1) 34 (1.7)

BMI 29.1 ±6.42 29.51 ±5.69 29.44 ±5.81 0.241
< 18.5 5 (1.7) 13 (0.8) 18 (1)

18.5–24.9 77 (25.5) 341 (21.9) 418 (22.7)

25–29.9 105 (34.8) 550 (35.4) 655 (35.3)
> 30 115 (38.1) 651 (41.9) 766 (41.2)

Total 302 1555 1857

OAC 269 (80.8) 1384 (82) 1653 (81.8) 0.586
Antiplatelet 144 (43.2) 646 (38.3) 790 (39.1) 0.091

Hypertension 270 (81.1) 1236 (73.3) 1506 (74.6) 0.003

DM 200 (60.1) 681 (40.4) 881 (43.6) < 0.0001
Dyslipidemia 171 (51.4) 738 (43.7) 909 (45) 0.011

Smokers 38 (11.4) 242 (14.3) 280 (13.9) 0.157

INR 0.641 ±1.1 0.637 ±1.24 0.638 ±1.22 0.96
CHA2DS2VASC SCORE 4.56 ±1.66 3.41 ±1.78 3.6 ±1.81 < 0.0001

HASBLED SCORE 2.14 ±1.14 1.55 ±1.1 1.65 ±1.12 < 0.0001

Note: Data are presented as number (percentage), mean ± SD. 
Abbreviations: BMI, Body Mass Index; DM, Diabetes Mellitus; INR, International Normalized Ratio.

Table 2 Risk Scores and the Percentage of Patients with Complications in Each BMI Category

BMI Categories CVA Mortality Bleeding SE ACS Total Complications HAS-BLED CHA2DS2-VASc

Underweight 2 (11.1) 4 (22.2) 1 (5.6) 0 0 5 (27.8) 1.83(1.043) 3.83(1.79)

Normal Weight 12 (2.9) 60 (14.4) 9 (2.2) 0 5 (1.2) 77 (18.4) 1.64(1.147) 3.53(1.84)
Overweight 20 (3.1) 73 (11.1) 11(1.7) 2 (0.3) 18 (2.7) 105 (16) 1.73(1.177) 3.54(1.829)

Obese 28 (3.7) 73 (9.5) 22 (2.9) 6 (0.8) 13 (1.7) 115 (15) 1.59(1.072) 3.59(1.776)

Note: Data are presented as N (%), and Mean (SD). 
Abbreviations: CVA, Cerebrovascular Accident; SE, Systemic Embolism; ACS, Acute Coronary Syndrome.

Table 3 Binary Logistic Regression Analysis of Factors 
Associated with AF Complications Development

Factor OR (95% CI) P value

Sex (Male) 1.519 (1.086–1.378) 0.003

Age 1.028 (1.013–1.044) <0.0001
DM 1.579 (1.172–2.127) 0.003

OAC 0.675 (0.48–0.95) 0.024

CHA2DS2VASC SCORE 1.223 (1.086–1.378) 0.001
HASBLED SCORE 1.172 (1.025–1.34) 0.021

BMI 0.994 (0.971–1.018) 0.619

Smoking 1.023 (0.669–1.565) 0.916

Abbreviations: DM, Diabetes mellitus; OAC, Oral Anti Coagulants; BMI, 
Body Mass Index.
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worse prognosis and more risk of complications. However, there is no significant relationship between a high BMI and 
a reduced chance of complications from AF. Additionally, smoking was not found to significantly increase the odds of 
developing complications related to AF.

Discussion
The present analysis aims to evaluate the hypothesized relation between obesity (BMI) and the development of AF 
complications as there is a deficient amount of studies regarding this topic. Previous studies suggested that overweight 
and class I obesity patients who are already diagnosed with AF have better survival chances in the onset of acute AF 
complications than normal-weight patients. This is known as the obesity paradox.15 Our aim is to investigate whether the 
obesity paradox applies to AF patients enrolled in the (JoFib) study or not.

According to our findings, increasing BMI and obesity do not appear to decrease the chance of developing AF 
complications significantly, although the OR is less than 1 which indicates decreasing complication chances as the BMI 
increases, this relationship is insignificant. In addition, there was no significant difference in the BMI of patients who 
developed complications from those who did not, and this is conflicting with what other studies show in which increased 
BMI in AF patients appears to have better long-term outcomes than non-obese patients,14 and that high BMI was indepen-
dently associated with a lower risk of stroke/SE and better survival.13 Other studies disprove the obesity paradox, as suggested 
by GARFIELD-AF registry investigators,12 which suggests that both high BMI (BMI ≥ 35.0 kg/m2) and low BMI (BMI < 
18.5 kg/m2) are at an increased risk of AF complications mainly (mortality and new/worsening heart failure) and this is 
inconsistent with the obesity paradox. In addition, Iliodromiti et al reported that there is a direct correlation between high BMI 
and the risk of CVD. However, the increased risk of CVD reported in underweight subjects (BMI < 18.5 kg/m2) mostly 
disappeared after statistical adjustment for pre-existing comorbidities,19 and this contradicts the obesity paradox.

The study evaluated other risk factors for AF complications, such as sex. In comparison with females, more male 
patients developed AF complications, although, the difference was not statistically significant. On the other hand, when 
applying regression analysis, male patients had higher odds of developing complications of AF than female patients. 
Several reasons contribute to this, including the fact that men’s hearts and blood vessels are larger, resulting in a greater 
accumulation of plaque and a greater risk of atherosclerosis, as well as the fact that sex hormones alter the immune 
response, resulting in different disease phenotypes and complications.20

The average age of patients with complications was higher than that of patients without complications. Furthermore, 
as the patient’s age increases, the odds of developing complications increase. Aging contributes to multiple chronic 
diseases, such as diabetes mellitus, hypertension, heart failure, and dyslipidemia. These diseases contribute to the 
development of AF and its complications. Based on a study done on older patients, it was found that aging AF patients 
experience a high thromboembolic risk as well as a concomitant high bleeding risk.21

Furthermore, patients with complications had a higher percentage of patients with a history of HTN, DM, and dyslipide-
mia; all these factors are part of the metabolic syndrome and contribute to atherosclerosis and vascular endothelial injury 
which drive forward risks of strokes, obesity-related heart failure, and CVDs.9 Patients who have DM have higher odds of 
developing AF complications. This is supported by the fact that type 2 DM is an independent risk factor for AF development 
since the undergoing inflammation, oxidative stress and hyperglycemia cause structural, electrical and autonomous remodel-
ing of the heart that accelerates the risk of cardiovascular mortality of stroke, chronic kidney disease (CKD) and heart failure 
(HF) as well as the risk of death may be 25–66% higher in patients with DM and AF than in non-diabetic.22

The CHA2DS2VASC and HAS-BLED scores have been shown to be important factors in predicting the development 
of AF complications since increases in these scores indicate a worse prognosis and a higher risk of complications. Since 
the CHA2DS2VASC score is used as the preferred risk model for anticoagulation decision-making in atrial fibrillation 
AF patients, recent studies confirmed that high scores were associated with higher mortality and more complications.23 

As for the HAS-BLED score, there has been a demonstrated association between high scores and greater bleeding events 
among AF patients. Therefore, the HAS-BLED score is recommended for assessing anticoagulation-related major 
bleeding risk in everyday clinical practice.24

The use of OAC drugs in AF patients has shown to be a protective factor, in which OAC use lowers the odds of 
developing complications and improves the prognosis. This was previously described by a data from the JoFib study.18 
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Other studies reported that chronic usage of OAC treatment is the most effective available prophylactic approach in 
patients with AF at high risk of thromboembolic events.25 In addition, a non-vitamin K oral anticoagulant should be used 
rather than a vitamin K antagonist in patients with AF undergoing catheterization.26

As for smoking, the percentage of smokers among patients who developed complications was not statistically 
significant when compared to those who did not. In addition, smoking was not associated with a significant increase 
in the odds of developing AF complications; our findings can be attributed to the small percentage of non-smoking 
patients, as the majority of our study samples are smokers. According to the literature, this is contrary to what is known, 
as smoking is associated with endothelial injury and atherosclerotic plaque development while nicotine in cigarettes 
contributes to the development of atrial fibrosis and provides an arrhythmogenic substrate increasing the likelihood of 
atrial arrhythmias namely AF.27 Moreover, smoking cessation after AF diagnosis was associated with reduced CVD, total 
stroke, and ischemic stroke risk.28 In addition, smoking accounts for 30% of all coronary heart disease (CHD) deaths in 
the United States yearly and doubles the risk of ischemic strokes with investigations demonstrating benefits of smoking 
cessation can reach up to 50% reduction in risk of reinfarction, sudden cardiac death, and total mortality in CHD patients 
if they quit smoking after the initial infarction.29

Limitations
Several limitations affected our results, In general, in non-interventional, observational studies, residual confounding, and 
data collection are inherent sources of bias. In order to overcome this effect, consecutive patients were recruited from 
different sectors of the local healthcare system. Short follow-up period for the JoFib patients as they were only followed 
up for 1 year, a longer follow-up period could have altered the findings, as a longer follow-up period could have provided 
more variable data and the findings could have been in line with the obesity paradox. The results were affected by the 
relatively small sample size, which was limited to around 2000 patients. There was a loss of follow-up in 5.7% of 
patients, which is lower than other investigators have reported.30 Certain analyses may be hampered as a result, as well as 
the generalizability of the results. However, further investigations and researches are needed to be carried out in the 
future to prove this hypothesis, with longer duration of patient follow-up and a larger sample size.

Conclusion
The findings suggest that increased BMI was not significantly associated with the decreased likelihood of developing AF 
complications, thereby disproving the theory of the obesity paradox. However, several other factors were identified as 
significant predictors.
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