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Abstract

Atrialfibrillation (AF)is the most common sustained cardiac arrhythmia and a major contributor to stroke and heart
failure. Data on AF from Libya remain limited. To describe the demographic and clinical characteristics of AF
patients diagnosed at the National Cardiac Center of Benghazi between 2022 and 2024. Retrospective descriptive
review of records of 467 patients diagnosed with AF at a single tertiary cardiac center. Data on age, sex,
hypertension, diabetes, myocardial infarction, heart failure, smoking, and hypothyroidism were extracted and
analysed descriptively; sex-based differences were assessed using chi-square/Fisher's exact tests. Mean age at
diagnosis was 63.5 + 13.0 years, with the highest proportion (30.0%) aged 60-68 years. Of 467 patients, 51.8% were
female, and 48.2% were male. Hypertension (62.1%), diabetes (45.0%), and hypothyroidism (13.1%) were
common, and each differed significantly by sex (all p<0.05, higher in females). Myocardial infarction (5.1%) and
heart failure (16.3%) showed no significant sex difference. Diagnoses peaked in July—August and were lowest in
November. AF cases at this center were concentrated among older adults, with a nearly balanced sex distribution
and significant sex differencesin several comorbidities. These findings provide descriptive baseline data on AF from
a Libyan tertiary center; findings should not be interpreted as population prevalence or as evidence of causal risk
factors given the retrospective, single-center, uncontrolled design.

Keywords. Hospital Case, Atrial Fibrillation, National Cardiac Center, Benghazi, Libya.

Introduction

Atrial fibrillation (AF) is the most common cardiac rhythm disturbance, characterized by irregular atrial activity resulting
from disruptedsinusnode controland sporadic depolarization of atrialmyocytes [1]. Globally, AF has doubled inincidence
and prevalence over the past 50 years, affecting approximately 46.3 million individualsin 2016, with projectionsindicating
further increases across the US, Europe, and Asia [2,3]. The incidence rises sharply with age, ranging from 3.1 cases per
1000 person-yearsin men aged 55-64 to 38.0 cases in men aged 85-94. Despite improved awareness and detection, AF
remains under-recognized, posing a major health burden due to its association with severe complications such as stroke
and heart failure. AF increases stroke risk fivefold, with AF-related strokes often fatal or disabling [4]. AF does not occur in
isolation but is influenced by multiple risk factors. These can be categorized into non-modifiable (age, family history,
ethnicity) and modifiable (hypertension, coronary artery disease, diabetes, obesity, thyroid disorders, chronic kidney
disease, and lifestyle factors such as smoking and alcoholuse) [5,6].

Hypertension is the most significant cardiovascular risk factor, while diabetes and obesity contribute through vascular
damage and inflammatory stress. Thyroid dysfunction, particularly hypothyroidism, also plays a role, with higher
prevalence among females. Other contributors include sleep apnea, chronic inflammation, and postoperative states.
Lifestyle triggers such as excessive alcohol intake (Holiday Heart Syndrome), caffeine, nicotine, and recreationaldrugs
further exacerbate AF risk[6-8]. Pathophysiologically, AF arises from ectopic dischargesinpulmonaryveins and autonomic
ganglionated plexi, premature atrial contractions, electrolyte imbalances, and abnormal ion channel activity [7-9].
Structuralremodeling, fibrosis, atrialdilation, and autonomicnervous systemdysfunction perpetuate AF episodes, leading
to persistent or permanent forms resistant to treatment [10,11]. Clinically, AF presents with heterogeneous symptoms
ranging from palpitations, dyspnea, and fatigue toasymptomatic cases[12-14]. Diagnosisrelies on pulse examinationand
confirmation by 12-lead ECG, while complications include stroke, myocardialinfarction, and heart failure [15-17].
Although the global epidemiology of atrialfibrillation is well documented, hospital-based clinicaldataon AF patientsfrom
Libya and the broader North African region remain scarce, and to our knowledge, no such data have previously been
published from a Libyan cardiac center. Understanding the demographic profile and comorbidity burden of AF patientsin
this populationis a necessaryfirst step toward improvinglocal screening practices, comorbidity management, and future
prospective research. Therefore, this study aims to describe the age and sex distribution of AF patients diagnosed at the
National Cardiac Center of Benghazi between 2022 and 2024, to describe the frequency of hypertension, diabetes,
smoking, and hypothyroidism amongthese patientsand their distributionby sex, and to describe the annual and monthly
distribution of recorded AF diagnoses over the study period. To describe the clinical characteristics and hospital-based
case distribution of atrialfibrillation among adults diagnosed at the National Cardiac Center of Benghazi (2022-2024).
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Methodology

Study Design and Setting

This studywasdesigned as a retrospective descriptive study conducted at the NationalCardiac Center of Benghazi, Libya,
usingconsecutively identified atrialfibrillation cases diagnosed between January2022 and December2024. Datacollection
and analysis were performed in 2025.

Data Collection

Patient files diagnosed with atrial fibrillation (AF) were retrieved from the statistical and analytical unit of the cardiology
department. Alldiagnoses were confirmed by qualified cardiologists. Incomplete patient files, defined as any file missing
age, sex, or date-of-diagnosis data required for the primary analysis, were excluded. The available records did not specify
the electrocardiographic diagnostic criteria used for AF confirmation, whether newly diagnosed and previously known AF
cases were both included, whether repeated admissions of the same patient were counted more than once, the total
number of incomplete/excludedrecords, or AF type (paroxysmal, persistent, or permanent). These details were therefore
not available for the present analysis. Data were systematically entered into Microsoft Excel (version 16.96).

Variables
The collected data included patients' age, sex, associated medical conditions (hypertension, diabetes mellitus, prior
myocardialinfarction, heart failure, smoking, hypothyroidism), and date of diagnosis.

Statistical Analysis

Data were preliminarily processed in Microsoft Excel and subsequently analysed using the Statistical Package for Social
Sciences (SPSS, version 22). Descriptive statistics were generated for all variables. Associations between sex and
categoricalclinical characteristicswere assessed using the Pearson chi-square test; Fisher'sexact testwas used instead
when the expectedcountinanycell was less than 5. Chi-square and Fisher'sexact analysesreported inthis study examine
differencesin thedistribution of clinical characteristics between male and female patients withinthe AF cohort and should
not beinterpretedasdemonstratingthat these characteristics causedor predictedthe developmentof AF. Ap-value <0.05
was considered statistically significant.

Ethical Approval
The study protocol was approved by the regional ethics committee of the Libyan International Medical University and
conducted in accordance with the guidelines of the Faculty of Applied Medical Sciences.

Results

Age Distribution

The age distribution of atrial fibrillation (AF) cases at the National Cardiac Center of Benghazi was divided into six age
groups: £50 (n=78, 16.7%), 51-59 (n=78, 16.7%), 60-68 (n=140, 30.0%), 69-78 (n=106, 22.7%), 79-87 (n=56, 12.0%), and
288 years(n=9, 1.9%), with atotal sample size of 467 patients(Figure 1). The meanage at diagnosis was63.54 + 13.04 years
(range, =50-=88 years). The 60-68-year age group represented the largest proportion of AF cases, followed by the 69-78-
year group, while patients aged =88 years represented the smallest group.
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Figure 1. Age distribution of patients diagnosed with atrial fibrillation
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Genderdistribution

Among the 467 patients diagnosed with atrial fibrillation (AF), 242 (51.8%) were female and 225 (48.2%) were male,
indicating a slight female predominancein the study population (Figure 2). These percentages represent the sex distribution
of AF cases. They should not be interpreted as evidence of a higher prevalence of AF among females because the sex
distribution of the underlying hospital population was not available.
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Figure 2. Sex distribution of patients diagnosed with atrial fibrillation

Common risk factors
A descriptive and inferential analysis was conducted to examine clinical characteristics observed among patients
diagnosed with atrial fibrillation (AF) in the study population (N =467). The characteristics examined included hypertension,
myocardialinfarction, heart failure, smoking, diabetes, and hypothyroidism. These conditions were also categorized by sex
to explore potential sex-based differences. Out of 467 patients, 290 (62.1%) were diagnosed with hypertension. Among the
225 male patients, 123 (54.7%) had hypertension, while 102 (45.3%) did not. In contrast, among 242 female patients, 167
(69.0%) were diagnosed with hypertension, while 75 (31.0%) were not (Figure 3, Table 1). Hypertension was numerically
more commonamong female than male AF patients in this study population. Achi-square test was conducted to determine
the association between sex and hypertension. The results showed a statistically significant association, x*(1, N = 467) =
10.189, p = 0.001, indicating that hypertension was significantly more common among female than male patients within
this study population.
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Figure 3. Patients with atrial fibrillation diagnosed with hypertension

Table 1. Gender and hypertension among patients with atrial fibrillation

Hypertension
Total
No Yes
Count 102 123 225
Mal % withi
Gender ae OWIENIN 45 39 | 54.7% | 100.0%
Gender
Female Count 75 167 242
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% withi
OWIIN ) 31.0% | 69.0% | 100.0%
Gender
Count 177 290 467
T

Total owithin 1 52 906 | 62.1% | 100.0%
Gender

Myocardial infarction

Out of 467 patients, 24 (5.1%) experienced anepisode of myocardialinfarction before the development of AF. A chi-square
testwas conducted todetermine the association between sex and myocardialinfarction. The results showed no significant
association, x*(1, N=467)=0.034, p=0.855, indicating no evidence of a relationship between sex and myocardialinfarction
in this study population (Figure 4).
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Figure 4. Patients with atrial fibrillation and previous myocardial infarction

Heart failure

Out of 467 patients, 76 (16.3%)were previously diagnosed with heart failure and subsequently developed AF. A chi-square
test was conducted to determine the association between sex and heart failure. The results showed no significant
association, X*(1,N = 467) = 0.823, p = 0.364, indicating no evidence of a relationship between sexand heart failure in this
study population (Figure 5).
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Figure 5. Percentage of patients with atrial fibrillation and heart failure

Cigarette smoke/tobacco use

Out of 467 patients, 70 (15.0%) were identified as smokers in their medical history. A chi-square test was conducted to
examine the association between sex and smoking status among patients with AF. The results showed a statistically
significant association, )(2(1, N =467)=65.831,p <0.001, indicating that smoking status differed significantly betweenmale
and female patients within the study population. This finding should not be interpreted as evidence that smoking was
associated with the development of AF because the study did notinclude a non-AF comparison group.
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Figure 6. Smoking status among patients with atrial fibrillation

Diabetes

Out of the 467 patients, 210 (45.0%) were diagnosed with diabetes before their AF diagnosis. Diabeteswas more common
among female than male AF patients: 127 of the 242 female patients (52.5%) had a prior diagnosis of diabetes, compared
with 83 of the 225 male patients (36.9%) (Figure 7). A chi-square test was conducted to determine the association between
sex and diabetes. The results showed a statistically significant association, )(2(1, N =467)=11.452,p =0.001, indicating that
diabetes was significantly more common among female than male patients within the study population.

Diabetes Mellitus by Sex Among AF Patients
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Figure 7. Patients with atrial fibrillation previously diagnosed with diabetes mellitus

Table 2. Gender and diabetes mellitus among patients with atrial fibrillation

Diabetes
Total
No Yes

Count 142 83 225

Male ——— > > >
Gender % within Gender 63.1% 36.9% 100.0%

Female Count 115 127 242
% within Gender 47.5% 52.5% 100.0%

Count 257 210 467

Total —

% within Gender 55.0% 45.0% 100.0%

Chi-square test

A chi-square test was used to determine whether there was a significant association between gender and diabetesin the
study population. The association was statistically significant, )(2(1 ,N=467)=11.452,p=0.001.This suggests that diabetes
prevalence significantly differs between male and female AF patients.
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Table 3. Chi-square test for the association between gender and diabetes mellitus among patients with atrial

fibrillation
. Asymp. Sig. (2- Exact Sig. (2- Exact Sig. (1-
Chi-Square Tests Value df sided) sided) sided)
Pearson Chi-Square 11.452° 1 .001
Continuity Correction® 10.831 1 .001
Likelihood Ratio 11.511 1 .001
Fisher's Exact Test .001 .000
Linear-by-Linear Association 11.427 1 .001
N of Valid Cases 467
a. 0 cells (0.0%) have expected count less than 5. The minimum expected countis 101.18.
b. Computed only for a 2x2 table

Hypothyroidism

Of the 467 patients diagnosed with AF, hypothyroidism status was available for 466; one patient's file did not clearly
document this information and was excluded from this specific analysis. Of these 466 patients, 61 (13.1%) had a
documented diagnosis of hypothyroidism. Hypothyroidism was markedly more commonamongfemale than male patients:
58 of the 242 female patients (24.0%) had a documented diagnosis of hypothyroidism, compared with 3 of the 224 male
patients with available data (1.3%) (Figure 8). A chi-square test was conducted to determine the association between sex
and hypothyroidism. The results showed a highly significant association, )(2(1, N =466) = 52.353, p < 0.001, indicating that
hypothyroidism was significantly more common among female than male patients within the study population.

Table 4. Frequency of hypothyroidism among patients with atrial fibrillation

Hypothyroidism Frequency Percent
No 405 86.7
Yes 61 13.1
Total 466 99.8
Missing 1 .2
Total 467 100.0

Hypothyroidism by Sex Among AF Patients

N=466) = 52.353, p < 0.001
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Figure 8. Patients with atrial fibrillation diagnosed with hypothyroidism

Table 5. Gender and hypothyroidism among patients with atrial fibrillation

H thyroidi
Crosstab ypothyroicism Total
No Yes

Male Count 221 3 224

% within Gender 98.7% 1.3% 100.0%
Gender

Female Count 184 58 242
% within Gender 76.0% 24.0% 100.0%

Total Count 405 61 466
% within Gender 86.9% 13.1% 100.0%

Chi-square test
A chi-square test showed a highly significant association betweengender and hypothyroidism among patients with AF, x2(1,
N=466)=52.353, p<0.001, indicating that hypothyroidism was more frequently recorded amongfemale than male patients
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in this AF population. This finding does not establish that hypothyroidism was associated with the developmentof AF
because no non-AF comparison group was included.

Table 6. Chi-square test for the association between gender and hypothyroidism among patients with atrial

fibrillation
Chi-Square Tests Value df Asylzrd:;;g. (2 Exascit dtgi (2 Exa:it dselg)' (
Pearson Chi-Square 52.353? 1 .000
Continuity Correction® 50.383 1 .000
Likelihood Ratio 63.330 1 .000
Fisher's Exact Test .000 .000
Linear-by-Linear Association 52.241 1 .000
N of Valid Cases 466
a. 0 cells (0.0%) have expected count less than 5. The minimum expected countis 29.32.
b. Computed only for a 2x2 table

Prevalence of atrial fibrillation

The estimated hospital-based prevalence of AF at the National Cardiac Center of Benghazi during the three-year study
period was approximately4.9%. The hospitalwas unable to provide the exactnumber ofadmissions during the study period;
based on the patient files available, approximately 9,400 admissions were estimated, of whom 467 were diagnosed with AF.
Because the denominator was estimated rather than verified, the reported 4.9% should be interpreted cautiously as an
estimated hospital-based prevalence and not as a population prevalence for Benghazi. In 2022, 161 patients were
diagnosed with AF, with an estimated 2,400 hospital admissions during the year, giving an estimated hospital-based
prevalence of 6.71%. In 2023, 185 patients were diagnosed with AF, with an estimated 3,800 hospital admissions during the
year, giving an estimated hospital-based prevalence of 4.87%. In 2024, 121 patients were diagnosed with AF, with an
estimated 3,200 hospital admissions during the year, giving an estimated hospital-based prevalence of 3.78%.

Estimated Hospital-Based Prevalence of Atrial Fibrillation by Year
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Note: Annual hospital admissions were estimated from available patient records and were not independently verified.
Therefore, the reported values represent estimated hospital-based prevalence and should not be interpreted as popufation
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Figure 9. Annual number of atrial fibrillation cases at the National Cardiac Center of Benghazi, 2022-2024

Monthly distribution of AF

The number of patientsdiagnosed with AF varied by monthacrossthe study period (Figure 10). July had the highest number
of recorded AF cases (n=48), followed by August (n=47), while November had the lowest number (n=28), followed by April
(n = 31). These findings describe monthly variation in recorded AF diagnoses; because monthly hospital-admission
denominators were not available, they should not be interpreted as confirmed seasonalvariation in AF prevalence.
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Monthly Distribution of Recorded AF Diagnoses (2022-2024)
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Figure 10. Monthly distribution of atrial fibrillation cases during the study period (2022-2024)

Discussion

This retrospective hospital-based study provides descriptive data on atrial fibrillation (AF) among patients attending the
National Cardiac Center of Benghazi between2022 and 2024. A total of 467 patients with AF were identified duringthe study
period, correspondingto an estimated hospital-based prevalence of approximately 4.9%. The estimated annualprevalence
was 6.7% in 2022, 4.86% in 2023, and 3.7% in 2024. However, these figures should be interpreted cautiously because the
total numbers of hospital admissions used as denominators were estimated rather than obtained from verified hospital
records. Therefore, the observed numerical decline across the three years cannot be considered definitive evidence of a
true reduction in AF prevalencein Benghazi. The estimated prevalence observed inthe present study is broadly comparable
with findings from some international hospital-based studies. Yuniadi et al. reported an AF prevalence of 3.2% in a tertiary
hospital survey in Indonesia [18].

Differences between studies may reflect variation in study populations, age structure, referral patterns, methods of AF
detection, and healthcare settings. Direct comparison should neverthelessbe made cautiously because the present study
represents a single-center hospital population and uses an estimated denominator. Age was an importantcharacteristic of
the AF cohort. The meanage at diagnosis was 63.54 + 13.04 years, and the largest proportion of cases occurred in patients
aged 60-68 years, representing 30% of the study population. This finding is consistent with the established epidemiology of
AF, in which AF occurrence increases substantially with advancingage [3]. Age-related structural and electrical changes in
the atria, together with the accumulation of cardiovascular and metabolic comorbidities, may contribute to the greater
occurrence of AF among older individuals. Regarding sex distribution, 51.8% of the AF cases were female, and 48.2% were
male, indicating a slight female predominance within this study cohort. This finding should not be interpreted as
demonstrating a higher prevalence of AF amongfemales because the sex distribution of the underlying hospital population
was not available.

Sex-related differences in AF are complex and may be influenced by age, cardiovascular comorbidities, and other clinical
factors [20]. Hypertension was the mostfrequently recorded comorbidity, affecting 62.1% of AF patients, and it was more
common among females in this cohort. This observation is consistent with the recognized close relationship between
hypertensionand AF [21]. Chronic elevation of blood pressure may contribute to atrial structural remodeling, enlargement,
and fibrosis. Nevertheless, because the present study included only patients with AF and did not include a non-AF
comparison group, the findings demonstrate the burden of hypertension within the AF cohort rather than establishing
hypertension as an independentpredictor of AF in this population. Diabetes mellitus was also common, being recorded in
45.0% of patients, and was more frequently recorded among females. The coexistence of diabetes and AF is clinically
important because both conditions are associated with cardiovascular morbidity. However, the current study design does
not allow determination of whether diabetes independently increased the risk of developing AF; the significant statistical
finding represents a difference in diabetes distribution between male and female AF patients. Hypothyroidism was
documented in 61 of 466 patients (13.1%) for whom thyroid information was available and showed a marked female
predominance. The present study specifically evaluated hypothyroidism; therefore, this terminology is used consistently
throughout the manuscript.

Smoking was recorded in 15.0% of the AF cohort and differed significantly by gender. This association reflects a gender
difference in smoking status within the AF cohort rather than evidence that smoking increased the risk of AF. Regarding
temporaldistribution, July had the highest number of recorded AF diagnoses (n = 48), followed by August (n = 47), whereas
November had the lowest number (n=28). Khan and Halder reported adifferent seasonal pattern in cardiovascular hospital
admissions in Bangladesh [19]. In the absence of monthly admission denominators, the present findings are better
interpreted as variationin monthly AF case counts rather than proof of a seasonal effect. Differencesin climate, healthcare -
seeking behavior, referral patterns, and other unmeasured factors may contribute to the observed pattern. Overall, these
findings provide useful descriptive information regarding AF patients managed at a major cardiac center in Benghazi and
contribute local data from a setting where published information remains limited. Larger multicenter studies using verified
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denominators, standardized AF definitions, de-duplicated patient-leveldata, and appropriate comparison populations are
needed to define the epidemiology and determinants of AF more accurately in Libya.

Limitations

Severallimitations should be acknowledged. First, the retrospective nature of the study means that the analysis depended
on the completenessand accuracy of existing hospital records, which may introduce information or misclassificationbias.
Second, this was a single-center hospital-based study at a specialized cardiac center, creating the possibility of selection
and referral bias and limiting generalizability to the wider population of Benghazi, other regions of Libya, or North Africa.
Third, the exact number of hospital admissions during the study period was unavailable, and the denominator used to
calculate prevalence was estimated; therefore, the reported 4.9% value represents an estimated hospital-based prevalence
and cannot be interpreted as population-based prevalence. Fourth, missing or incomplete data were present: incomplete
files were excluded, the total number excluded was not documented in the available manuscriptdata, and hypothyroidism
information was unavailable for one patient. Fifth, the study did not include a non-AF control group; consequently, the
recorded comorbidities and smoking status cannot be interpreted as independent risk factors for AF, and causal
relationships cannot be inferred. Sixth, the available records did not clarify whether the 467 AF cases represented unique
patients or whether repeated admissions of the same patient were included; if repeat admissions were counted separately,
the case counts and estimated prevalence could be affected. Finally, potentially relevant variables such as alcohol
consumption, medicationuse, and detailed ECG characteristics were not collected, and monthly admissiondenominators
were unavailable, limiting interpretation of apparent seasonal variation.

Conclusion

This study provides descriptive hospital-based data on atrial fibrillation at the National Cardiac Center of Benghazi from
2022t0 2024. AF caseswere concentrated in older age groups, and hypertensionand diabetes were common comorbidities.
The sex distribution of the cohort was nearly balanced, while severalrecorded clinical characteristics differed by gender.
The estimated hospital-based prevalence was approximately 4.9%; however, this estimate is limited by the use of an
unverified admission denominator and should not be generalized to the Benghazi population. Future multicenter studies
using verified denominators, standardized AF definitions, de-duplicated patient-level data, and appropriate comparison
populations are needed to better define the epidemiology and determinants of AF in Libya

Recommendation

Future workin the field of atrialfibrillation must prioritize several strategic directions to strengthen both clinical practice
and epidemiologicalunderstanding. First, the establishment of a standardized electronic AF registryis essentialto ensure
accurate documentation of diagnoses, admissions, clinical characteristics, and patient outcomes. Such a registry would
provide a reliable foundation for surveillance and quality improvement. Second, larger multicenter and population-based
studies using verified denominators are needed to determine the true prevalence and distribution of AF in Benghazi and
across Libya. These studieswould help overcome current limitations in data accuracy and provide a clearer picture of
disease burden. Third, screening and management of common comorbidities—particularly hypertension, diabetes
mellitus, and thyroid disorders—must be strengthened, as these conditions were frequently identified among AF patients
and represent modifiable risk factors. Finally, prospective analytical studies with appropriate comparison groups are
required toevaluate potentialriskfactors, sex-related differences, and possible temporalor seasonal patternsof AF. Such
investigations would provide deeper insights into disease dynamics and inform tailored prevention and management
strategies.
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