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Abstract

Background/Objectives: Atrial fibrillation (AF) and heart failure (HF) frequently coexist,
but later-pandemic data from Eastern Europe are limited. We evaluated their documented
coexistence in patients hospitalized with COVID-19; the study was not designed to de-
termine whether SARS-CoV-2 modifies the established AF–HF relationship. Methods:
We retrospectively analysed 395 adults admitted with RT-PCR-confirmed SARS-CoV-2
infection between 1 September 2022 and 31 December 2024. AF was identified from the
admission record, while HF was determined by an audited, rule-based review of cardiovas-
cular free-text entries. A modified Poisson model with robust variance was the primary
analysis and estimated adjusted prevalence ratios (aPRs) after adjustment for age, sex, body
mass index, hypertension, ischaemic heart disease, pre-existing type 2 diabetes, chronic kid-
ney disease, chronic obstructive pulmonary disease, smoking, and prior ischaemic stroke.
Logistic regression and a restrictive NYHA-coded HF definition were sensitivity analyses.
Results: AF was documented in 68 patients (17.2%), HF in 106 (26.8%), and both conditions
in 26 (6.6%). HF prevalence was 38.2% among patients with AF and 24.5% among those
without AF. AF was associated with documented HF in the primary model (aPR 1.51, 95%

J. Clin. Med. 2026, 15, 6470 https://doi.org/10.3390/jcm15166470

https://crossmark.crossref.org/dialog?doi=10.3390/jcm15166470&domain=pdf&date_stamp=2026-08-21
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0009-0006-6025-5998
https://orcid.org/0009-0003-7868-9266
https://orcid.org/0000-0003-1606-4319
https://doi.org/10.3390/jcm15166470


J. Clin. Med. 2026, 15, 6470 2 of 13

confidence interval 1.06–2.16; p = 0.022); age was also associated with HF (aPR 1.02 per year,
95% confidence interval 1.01–1.04; p = 0.010). Results were similar with the restrictive HF
definition (aPR 1.54, 95% confidence interval 1.07–2.23) and logistic regression (adjusted
odds ratio 1.89, 95% confidence interval 1.06–3.37). Exploratory mortality estimates were
imprecise and were not used for prognostic inference. Conclusions: AF identified a sub-
group with a higher prevalence of documented HF within this hospitalized COVID-19
cohort. The findings are best interpreted as evidence of cardiovascular and multimorbidity
complexity, not as proof of a COVID-specific, temporal, or causal AF–HF effect.

Keywords: atrial fibrillation; documented heart failure; COVID-19; cross-sectional analysis;
cardiovascular–kidney–metabolic complexity; multimorbidity; Romania

1. Introduction
Cardiovascular involvement is a major determinant of clinical complexity in hospi-

talized COVID-19. Although direct myocardial infection may occur, most acute cardiac
manifestations are interpreted in the context of systemic inflammation, hypoxaemia, en-
dothelial dysfunction, autonomic disturbance, and decompensation of pre-existing cardiac
disease [1–3].

Atrial fibrillation is the most frequently reported sustained arrhythmia in hospitalized
COVID-19 [4,5]. Its reported prevalence varies with case mix and ascertainment: pooled
estimates are approximately 8% overall and 11% for pre-existing AF, with both categories
associated with adverse short-term outcomes [6–9].

AF and HF also have a well-established bidirectional relationship. AF can worsen ven-
tricular function through loss of atrial contraction, rapid or irregular ventricular response,
and remodelling, whereas HF promotes AF through elevated filling pressures, atrial stretch,
fibrosis, and neurohormonal activation [10–14].

Acute infection may unmask or destabilize this shared cardiovascular substrate
through hypoxaemia, inflammation, and haemodynamic stress [15–20]. However, without
a non-COVID comparator, a hospitalized COVID-19 cohort cannot establish that SARS-
CoV-2 modifies the AF–HF relationship. Advanced age and cardiovascular comorbidity
also remain major determinants of adverse outcomes in hospitalized COVID-19 popula-
tions [21–23].

The specific gap addressed here is descriptive and contextual: most published COVID-
19 AF data derive from early pandemic waves, and later-pandemic Eastern European
cohorts remain underrepresented [7–9,24,25].

Related analyses from the same institution have examined sepsis-associated cardiac
biomarkers [26], pulmonary embolism [27], and acute pulmonary oedema [28]; the present
analysis addresses a distinct question concerning documented AF–HF coexistence.

We therefore examined the cross-sectional association between documented AF and
documented HF in 395 adults hospitalized with COVID-19 at a tertiary infectious diseases
centre in Western Romania. The primary objective was to estimate the adjusted prevalence
ratio for coexisting documented HF among patients with versus without AF. Recorded
NYHA class and in-hospital mortality were secondary descriptive outcomes. Because
there was no non-COVID comparator and both diagnoses were ascertained at or around
admission, the study does not assess SARS-CoV-2-related effect modification, temporality,
prediction, or causality.
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2. Materials and Methods
2.1. Study Design and Setting

This was a retrospective secondary analysis of a previously described single-centre
cohort, with a cross-sectional primary analysis of the association between documented
AF and HF. The study was conducted at the “Victor Babes, ” Clinical Hospital of Infectious
Diseases and Pneumophthisiology, Timis, oara, a tertiary referral centre serving Western Ro-
mania. The study period extended from 1 September 2022 to 31 December 2024. The parent
cohort and its primary pulmonary embolism analysis have been reported previously [27];
the present manuscript addresses a distinct research question. Reporting followed the
STROBE statement for observational studies [29].

2.2. Participants

Consecutive adults (aged ≥ 18 years) admitted with SARS-CoV-2 infection confirmed
by real-time reverse-transcription polymerase chain reaction on nasopharyngeal swab were
eligible. Patients were excluded if the admission was for a non-COVID indication with
incidental positivity, if the hospital stay was shorter than 24 h, or if admission records lacked
sufficient documentation to ascertain cardiac comorbidity status. A total of 395 patients
met all criteria. No sampling or matching was applied.

2.3. Variable Definitions

Atrial fibrillation was coded when the admission cardiovascular record contained an
explicit AF diagnosis supported by electrocardiographic documentation available to the
treating team. The analytic dataset did not retain the date of the qualifying tracing or a
uniform pre-admission look-back interval. AF therefore represents AF documented by
the admission assessment and may include both previously known and first-detected AF.
Paroxysmal, persistent, and permanent labels were inconsistently time-stamped and were
not analysed separately.

Heart failure was ascertained from the cardiovascular comorbidity free-text field using
a prespecified two-step procedure. Entries were normalized for capitalization, spacing,
and Romanian diacritics and searched for explicit diagnostic expressions, including “IC
NYHA”, “IC congestivă/IC congestiva”, and “insuficient,ă cardiacă/insuficienta cardiaca”.
The rule-based extraction was implemented during data curation, after which a physician
investigator from the study team manually reviewed the original free-text field for all 395
participants. Ambiguous or non-specific entries were classified as HF only when an explicit
HF diagnostic term was present; isolated valvular disease, cardiomegaly, ischaemic heart
disease, ventricular hypertrophy, or oedema was not sufficient. The manual audit identified
one additional explicit HF record missed by the original literal parser, yielding 106 patients
with documented HF. A formal blinded dual-reader adjudication and inter-rater agreement
assessment were not available. A restrictive sensitivity definition required an explicit
NYHA-coded HF entry and identified 102 patients.

Recorded NYHA class was extracted only when a class I–IV designation appeared
in the source field. The dataset did not establish whether this class represented stable
pre-admission functional status or assessment during acute COVID-19. NYHA results
are therefore presented as recorded documentation rather than as a validated measure of
chronic HF severity.

The primary adjustment set was specified on clinical and causal grounds before refit-
ting the model. It included age, sex, body mass index, arterial hypertension, ischaemic heart
disease, pre-existing type 2 diabetes mellitus, chronic kidney disease, chronic obstructive
pulmonary disease, current or former smoking, and prior ischaemic stroke. These variables
represent demographic, cardiometabolic, renal, pulmonary, and vascular factors that may
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be related to both AF and HF. Hypertension required an explicit hypertension-grade entry;
five coronary-syndrome entries misplaced in the hypertension field were not coded as hy-
pertension. Chronic kidney disease required an explicit chronic kidney disease designation.
Left ventricular hypertrophy was excluded from the primary model because it may lie on
the pathway from long-standing hypertension to HF and was added only in sensitivity
analysis. Admission oxygen saturation and laboratory variables were used descriptively
and were not included in the cross-sectional primary model.

2.4. Statistical Analysis

Continuous variables are presented as medians with interquartile ranges and were
compared using the Mann–Whitney U test. Categorical variables are presented as counts
with percentages and were compared using Fisher’s exact test or the chi-squared test, as
appropriate. These univariable comparisons are descriptive.

Because documented HF was common, the primary analysis used a modified Poisson
generalized linear model with a log link and robust sandwich variance to estimate adjusted
prevalence ratios. AF was the exposure of interest and documented HF was the dependent
variable. The model included the prespecified covariates described above. The resulting
estimates quantify conditional co-prevalence and are not temporal or causal effects.

Sensitivity analyses comprised logistic regression using the same covariate set, the re-
strictive NYHA-coded HF definition, addition of left ventricular hypertrophy, an expanded
diabetes definition including newly documented diabetes, and exclusion of observations
exceeding the conventional Cook’s distance threshold of 4/n.

Model diagnostics included variance inflation factors, centred quadratic terms for age
and body mass index, deviance and Pearson goodness-of-fit ratios, standardized residuals,
leverage, and Cook’s distance. Logistic-model calibration was evaluated descriptively
with the Hosmer–Lemeshow statistic and Brier score. Each of the 12 variables included
in the primary model was available for all 395 participants (0 missing for every variable;
complete-case n = 395), and no imputation was performed. Variable-level missingness
for all primary-model variables, sensitivity-analysis variables, and descriptive variables
reported in Table 1 is provided in Supplementary Table S1; model diagnostics and sensitivity
analyses are reported in Supplementary Table S2.

Table 1. Baseline characteristics, admission laboratory values, and in-hospital outcomes stratified by
atrial fibrillation status (n = 395).

Characteristic AF (n = 68) No AF (n = 327) p

Demographic and anthropometric
Age, years, median (IQR) 75.8 (68.6–83.0) 72.0 (65.0–78.4) 0.018

Male sex, n (%) 36 (52.9) 177 (54.1) 0.894
Body mass index, kg/m2, median (IQR) 28.7 (25.5–32.5) 27.9 (23.7–32.2) 0.357

Current or former smoking, n (%) 25 (36.8) 109 (33.3) 0.577
Vaccinated against SARS-CoV-2, n (%) 46 (67.6) 216 (66.1) 0.888

Comorbidities
Arterial hypertension, n (%) 50 (73.5) 257 (78.6) 0.423

Heart failure, n (%) 26 (38.2) 80 (24.5) 0.024
Ischaemic heart disease, n (%) 10 (14.7) 65 (19.9) 0.397

Left ventricular hypertrophy, n (%) 12 (17.6) 43 (13.1) 0.338
Ischaemic ECG changes, n (%) 15 (22.1) 53 (16.2) 0.288
Prior ischaemic stroke, n (%) 21 (30.9) 73 (22.3) 0.158

Pre-existing type 2 diabetes mellitus, n (%) 12 (17.6) 33 (10.1) 0.092
Chronic kidney disease, n (%) 5 (7.4) 13 (4.0) 0.212

Chronic obstructive pulmonary disease, n (%) 6 (8.8) 46 (14.1) 0.324
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Table 1. Cont.

Characteristic AF (n = 68) No AF (n = 327) p

Laboratory values at admission
Peripheral oxygen saturation, % 91.8 (90.0–94.1) 90.6 (89.0–92.5) 0.001

Fibrinogen, g/L 3.45 (2.84–4.02) 3.73 (3.12–4.26) 0.012
C-reactive protein, mg/L 113.3 (64.9–150.0) 109.5 (47.3–140.5) 0.352

Interleukin-6, pg/mL 14.1 (5.2–28.2) 10.7 (4.2–33.8) 0.549
D-dimer, µg/mL 0.85 (0.47–1.16) 0.71 (0.52–1.10) 0.260
Ferritin, ng/mL 651.6 (361.8–1208.1) 549.0 (241.3–980.1) 0.079

Leukocytes, ×109/L 11.7 (9.2–15.6) 11.8 (7.8–15.2) 0.556
Platelets, ×109/L 259.5 (211.8–305.5) 274.0 (208.0–337.5) 0.413

Serum creatinine, mg/dL 0.89 (0.55–1.31) 0.91 (0.63–1.42) 0.566

AF, atrial fibrillation; ECG, electrocardiogram; IQR, interquartile range. Continuous variables were
compared using the Mann–Whitney U test and categorical variables using Fisher’s exact test or the
chi-square test, as appropriate.

In-hospital mortality was retained only as an exploratory descriptive outcome. Exact
two-sided 95% binomial confidence intervals were calculated for each AF/HF stratum,
without between-stratum hypothesis testing. Cardiorespiratory arrest was removed from
the revised analysis because the available analytic dataset did not retain sufficient event-
level information to adjudicate its definition, temporal sequence, or overlap with death.
Analyses were performed in Python 3.12 using SciPy and statsmodels. Two-sided p values
below 0.05 were considered statistically significant for the primary association; secondary
analyses were not adjusted for multiplicity.

2.5. Ethics

The study was conducted in accordance with the Declaration of Helsinki and was
approved by the Ethics Committee of the “Victor Babes, ” Clinical Hospital of Infectious
Diseases and Pneumophthisiology, Timis, oara (approval no. 11901/16 December 2025). The
approval dated 16 December 2025 specifically covered this retrospective secondary analysis
and the scientific publication of de-identified data from admissions completed between
1 September 2022 and 31 December 2024. All participants had provided written informed
consent at admission for participation and for the use of their de-identified clinical data in
research and scientific publications.

3. Results
3.1. Cohort Characteristics

The cohort comprised 395 patients with a median age of 72.0 years; 213 (53.9%) were
male and 208 (52.7%) resided in urban areas. AF was documented in 68 patients (17.2%)
and HF in 106 (26.8%). The two conditions coexisted in 26 patients, representing 6.6% of
the cohort and 38.2% of patients with AF; documented HF was present in 24.5% of patients
without AF. SARS-CoV-2 vaccination had been received by 262 patients (66.3%), with no
difference between the AF and non-AF groups (67.6% vs. 66.1%; p = 0.888).

Baseline characteristics stratified by AF status are presented in Table 1. Patients with
AF were older than those without AF (median 75.8 years, IQR 68.6–83.0, vs. 72.0 years, IQR
65.0–78.4; p = 0.018). Documented HF was more frequent in the AF group (38.2% vs. 24.5%;
p = 0.024). Other baseline differences were modest and should be interpreted descriptively.

Among admission variables, peripheral oxygen saturation was higher in the AF group
(median 91.8% vs. 90.6%; p = 0.001), whereas fibrinogen was lower (median 3.45 vs.
3.73 g/L; p = 0.012). Other measured inflammatory and laboratory variables did not differ
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significantly. These findings do not establish lower overall COVID-19 severity in patients
with AF.

3.2. Atrial Fibrillation and Documented Heart Failure

Documented HF was present in 26 of 68 patients with AF (38.2%) and 80 of 327 patients
without AF (24.5%). All primary-model variables were complete, so the modified Poisson
analysis included all 395 participants and 106 HF events. The unadjusted prevalence ratio
was 1.56 (95% CI 1.09–2.23; p = 0.014). In the adjusted model, AF remained associated with
documented HF (aPR 1.51, 95% CI 1.06–2.16; p = 0.022), and age was also associated with
HF (aPR 1.02 per year, 95% CI 1.01–1.04; p = 0.010).

Sex, body mass index, hypertension, ischaemic heart disease, pre-existing type 2
diabetes, chronic kidney disease, chronic obstructive pulmonary disease, smoking, and
prior ischaemic stroke were not statistically significant in the primary model. These null
estimates should not be interpreted as evidence that the corresponding conditions are
clinically unimportant.

Results were stable across sensitivity analyses. The restrictive NYHA-coded HF
definition yielded an aPR of 1.54 (95% CI 1.07–2.23; p = 0.021). Logistic regression yielded
an adjusted odds ratio of 1.89 (95% CI 1.06–3.37; p = 0.031). Adding left ventricular
hypertrophy, broadening the diabetes definition, or excluding six observations with Cook’s
distance above 4/n did not materially change the AF estimate (Supplementary Table S2).

The primary model is presented in Table 2 and Figure 1. The maximum variance
inflation factor was 2.22. Centred quadratic terms did not indicate non-linearity for age
(p = 0.841) or body mass index (p = 0.139). The deviance/df and Pearson chi-squared/df
ratios were 0.69 and 0.75, respectively; no standardized residual exceeded an absolute value
of 3. These diagnostics did not identify major instability, although they do not eliminate
residual confounding or outcome misclassification.

Table 2. Primary modified Poisson model with robust variance for documented heart failure
(complete-case n = 395; 106 events; 0 missing values for each model variable).

Variable Adjusted PR 95% CI p

Atrial fibrillation 1.51 1.06–2.16 0.022
Age (per year) 1.02 1.01–1.04 0.010

Male sex 1.11 0.80–1.55 0.526
Body mass index (per kg/m2) 1.00 0.96–1.03 0.832

Arterial hypertension 1.09 0.73–1.64 0.678
Ischaemic heart disease 1.12 0.75–1.66 0.583

Pre-existing type 2 diabetes mellitus 1.00 0.63–1.56 0.984
Chronic kidney disease 1.35 0.76–2.39 0.306

Chronic obstructive pulmonary disease 1.19 0.75–1.89 0.466
Current or former smoking 0.85 0.59–1.23 0.386

Prior ischaemic stroke 0.73 0.48–1.11 0.142

3.3. Recorded NYHA Class

Among the 106 patients with documented HF, an NYHA class was recorded for 102
(77 of 80 patients without AF and 25 of 26 patients with AF). Among patients without AF
and with an available class, 1 (1.3%) was recorded as NYHA I, 49 (63.6%) as NYHA II,
and 27 (35.1%) as NYHA III. Among patients with AF, none was recorded as NYHA I, 13
(52.0%) as NYHA II, and 12 (48.0%) as NYHA III. These values describe charted NYHA
documentation only; the dataset could not establish whether the class represented stable
pre-admission function or limitation during acute respiratory illness. The distribution is
shown in Figure 2.
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Figure 1. Forest plot of the primary modified Poisson model with robust variance for documented
heart failure (n = 395; 106 events). Squares denote adjusted prevalence ratios and horizontal lines
denote 95% confidence intervals. The x-axis is logarithmic.

Figure 2. Distribution of recorded New York Heart Association (NYHA) class among patients with
documented heart failure, stratified by atrial fibrillation (AF). NYHA class was available in 77 of
80 HF patients without AF and 25 of 26 HF patients with AF; these available-case denominators are
used in the figure and percentage calculations. The figure represents recorded documentation and
should not be interpreted as a validated measure of chronic HF severity.
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3.4. Exploratory In-Hospital Mortality

Overall in-hospital mortality was 29 of 395 (7.3%). Exact stratum-specific estimates
were 5.3% (13/247; 95% CI 2.8–8.8) in patients with neither condition, 9.5% (4/42; 95% CI
2.7–22.6) with AF alone, 10.0% (8/80; 95% CI 4.4–18.8) with HF alone, and 15.4% (4/26;
95% CI 4.4–34.9) with both conditions. The wide and overlapping confidence intervals
demonstrate substantial imprecision. These results are provided only as exploratory
descriptive data in Supplementary Table S3.

No between-stratum hypothesis test is emphasized, and the data do not support
equivalence, risk prediction, or an adjusted prognostic conclusion. Cardiorespiratory arrest
was removed from the revised analysis because its event definition, temporal sequence,
and overlap with mortality could not be reliably reconstructed from the analytic dataset.

4. Discussion
In this cross-sectional secondary analysis of 395 adults hospitalized with COVID-19,

AF was associated with a 51% higher adjusted prevalence of documented HF. The principal
contribution is a later-pandemic, Eastern European estimate of AF–HF coexistence. There
is no evidence that SARS-CoV-2 created or amplified the association.

4.1. Interpretation and Clinical Context

The aPR of 1.51 is compatible with the established AF–HF interdependence [10–12].
In this cross-sectional dataset, AF should be interpreted as a marker of accumulated
cardiovascular substrate and multimorbidity rather than as an isolated causal exposure.
Age remained associated with HF, while the other coefficients were imprecise.

This interpretation also aligns with a broader cardiovascular–kidney–metabolic frame-
work, in which AF may represent one component of accumulated multisystem burden
rather than an isolated rhythm disorder.

Null estimates for individual comorbidities should not be read as absence of clinical
relevance. High prevalence, limited subgroup size, measurement error, and overlap among
causal pathways reduce the precision and separability of individual coefficients. Left
ventricular hypertrophy was retained as a sensitivity covariate because it may partly
mediate the hypertension–HF pathway.

4.2. Later-Pandemic Context and Exploratory Outcomes

AF prevalence was 17.2%, higher than pooled estimates from predominantly early-
wave cohorts [7,8], plausibly reflecting the advanced age and cardiovascular burden of this
tertiary-centre population. Without a non-COVID comparator, neither the prevalence nor
the observed association can be attributed specifically to SARS-CoV-2.

Long-term studies have documented post-acute cardiovascular morbidity after
COVID-19 [30,31], including regional evidence of persistent cardiopulmonary abnormal-
ities [32]. Although the present study did not assess post-discharge outcomes, future
investigations should distinguish pre-existing from new-onset AF [33] (phenotypes that
may differ substantially in pathophysiology, prognosis, and therapeutic implications) and
determine whether AF represents a risk marker rather than an independent prognostic
factor [34].

Frailty and functional reserve are additional unmeasured dimensions. Later-pandemic
and large-cohort studies indicate that these dimensions carry prognostic information
beyond conventional cardiovascular diagnoses. In a large Italian cohort of patients hospi-
talized with COVID-19 pneumonia, sex, age, and chronic comorbidity were examined in
relation to respiratory impairment and in-hospital outcomes, providing complementary
data on cardiovascular risk and prognosis [35]. Using the Clinical Frailty Scale across dif-
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ferent pandemic phases, the same group reported that frailty was significantly associated
with in-hospital mortality among vaccinated patients in the fourth wave, whereas it did not
stratify mortality risk among unvaccinated patients in the first wave [36]. Neither frailty
nor functional reserve was available for adjustment in the present analysis.

Consistent with this framework, Askarinejad et al. reported that greater cardiovascular–
kidney–metabolic burden was associated with worse outcomes across two prospective AF
registries [37]. Our cohort did not formally stage this syndrome, but the adjustment set
captured several components of that broader phenotype.

Mortality estimates were imprecise: only four deaths occurred in the AF plus HF
stratum, whose exact 95% confidence interval was 4.4–34.9%. These exploratory results are
confined to the Supplementary Materials and do not support equivalence, prognosis, or
an adjusted outcome claim. The absence of statistically significant differences in mortality
between strata should therefore not be interpreted as evidence of an equivalent prognosis;
it reflects the small number of events and the consequently limited statistical power of
these comparisons.

Larger multicentre studies with sufficient events, prespecified prognostic models, and
adjustment for frailty and treatment are required to evaluate clinical outcomes.

4.3. Ascertainment and Study Limitations

Disease ascertainment is the principal limitation. AF combined previously known and
first-detected cases because the qualifying ECG date was unavailable, and paroxysmal,
persistent, and permanent subtypes were not consistently classifiable. HF was derived from
audited free text rather than standardized adjudication with systematic echocardiography
or natriuretic peptides. The audit improved reproducibility, but no blinded dual-reader
validation or inter-rater agreement assessment was available.

Recorded NYHA class also requires caution because the dataset did not establish
whether it referred to stable pre-admission function or symptoms during acute COVID-19;
dyspnoea and functional limitation may reflect both chronic cardiac disease and acute
respiratory illness.

The cross-sectional design precludes temporality and causality. There was no non-
COVID comparator, longitudinal rhythm or HF assessment, or systematic classification by
left ventricular ejection fraction; cardiac biomarkers and echocardiographic variables were
not available for the full cohort.

Structured data on oral anticoagulation, rate or rhythm control, frailty, goals of care,
and treatment intensity were unavailable. Residual confounding, single-centre referral
patterns, and the later-pandemic setting limit generalizability.

The absence of structured information on oral anticoagulation is a particularly relevant
limitation. Anticoagulant exposure may influence thromboembolic and haemorrhagic in-
hospital outcomes and represents an unmeasured treatment-related factor relevant to the
interpretation of exploratory clinical outcomes. Accordingly, treatment-related residual
confounding cannot be excluded, particularly for the exploratory mortality estimates.

4.4. Implications and Future Research

Clinically, AF coexisting with documented HF should prompt accurate medication
reconciliation and individualized cardiovascular assessment, but the present study does
not support a new triage or treatment algorithm. In practice, patients presenting with
both AF and documented HF may reasonably warrant closer in-hospital rhythm and
haemodynamic monitoring and a more comprehensive cardiovascular evaluation during
admission, although the present cross-sectional data are not sufficient to justify a specific
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change in management. The association is better understood as a signal of cumulative
cardiovascular–kidney–metabolic complexity.

Future studies should use time-stamped ECG or telemetry to distinguish pre-existing,
admission-detected, and incident AF; standardized HF adjudication with echocardiography
and natriuretic peptides; structured frailty assessment; and detailed anticoagulant and rate-
or rhythm-control data. A contemporaneous non-COVID comparator would be required to
test whether acute SARS-CoV-2 infection modifies the AF–HF relationship.

5. Conclusions
In this later-pandemic Romanian cohort of 395 adults hospitalized with COVID-

19, AF was associated with a higher prevalence of documented HF after adjustment for
demographic, cardiovascular, renal, metabolic, pulmonary, and vascular factors (aPR 1.51,
95% CI 1.06–2.16). The association was robust to alternative HF definitions and model
specifications. These findings describe AF–HF coexistence within the cohort and should
not be interpreted as evidence that COVID-19 modifies the established relationship, or as
proof of temporality, causality, or prognosis.
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AF Atrial fibrillation
aOR Adjusted odds ratio
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COPD Chronic obstructive pulmonary disease
COVID-19 Coronavirus disease 2019
CRP C-reactive protein
ECG Electrocardiogram
HF Heart failure
IL-6 Interleukin-6
IQR Interquartile range
NT-proBNP N-terminal pro-B-type natriuretic peptide
NYHA New York Heart Association
OR Odds ratio
RT-PCR Real-time reverse-transcription polymerase chain reaction
SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2
SpO2 Peripheral oxygen saturation
STROBE Strengthening the Reporting of Observational Studies in Epidemiology
aPR Adjusted prevalence ratio
CKD Chronic kidney disease
PR Prevalence ratio
VIF Variance inflation factor

References
1. Nishiga, M.; Wang, D.W.; Han, Y.; Lewis, D.B.; Wu, J.C. COVID-19 and cardiovascular disease: From basic mechanisms to clinical

perspectives. Nat. Rev. Cardiol. 2020, 17, 543–558. [CrossRef] [PubMed]
2. Clerkin, K.J.; Fried, J.A.; Raikhelkar, J.; Sayer, G.; Griffin, J.M.; Masoumi, A.; Jain, S.S.; Burkhoff, D.; Kumaraiah, D.; Rabbani, L.;

et al. COVID-19 and cardiovascular disease. Circulation 2020, 141, 1648–1655. [CrossRef] [PubMed]
3. Ackermann, M.; Verleden, S.E.; Kuehnel, M.; Haverich, A.; Welte, T.; Laenger, F.; Vanstapel, A.; Werlein, C.; Stark, H.; Tzankov,

A.; et al. Pulmonary vascular endothelialitis, thrombosis, and angiogenesis in COVID-19. N. Engl. J. Med. 2020, 383, 120–128.
[CrossRef] [PubMed]

4. Bhatla, A.; Mayer, M.M.; Adusumalli, S.; Hyman, M.C.; Oh, E.; Tierney, A.; Moss, J.; Chahal, A.A.; Anesi, G.; Denduluri, S.; et al.
COVID-19 and cardiac arrhythmias. Heart Rhythm 2020, 17, 1439–1444. [CrossRef] [PubMed]

5. Musikantow, D.R.; Turagam, M.K.; Sartori, S.; Chu, E.; Kawamura, I.; Shivamurthy, P.; Bokhari, M.; Oates, C.; Zhang, C.; Pumill,
C.; et al. Atrial fibrillation in patients hospitalized with COVID-19: Incidence, predictors, outcomes, and comparison to influenza.
JACC Clin. Electrophysiol. 2021, 7, 1120–1130. [CrossRef] [PubMed]

6. Santoro, F.; Nunez-Gil, I.J.; Vitale, E.; Viana-Llamas, M.C.; Reche-Martinez, B.; Romero-Pareja, R.; Feltez Guzman, G.; Fernandez
Rozas, I.; Uribarri, A.; Becerra-Munoz, V.M.; et al. Atrial fibrillation in patients with COVID-19: Prevalence, predictors and
clinical outcomes. Int. J. Cardiol. 2021, 337, 89–95. [CrossRef] [PubMed]

7. Romiti, G.F.; Corica, B.; Lip, G.Y.H.; Proietti, M. Prevalence and impact of atrial fibrillation in hospitalized patients with COVID-19:
A systematic review and meta-analysis. J. Clin. Med. 2021, 10, 2490. [CrossRef] [PubMed]

8. Zuin, M.; Rigatelli, G.; Bilato, C.; Zanon, F.; Zuliani, G.; Roncon, L. Pre-existing atrial fibrillation is associated with increased
mortality in COVID-19 patients. J. Interv. Card. Electrophysiol. 2021, 62, 231–238. [CrossRef] [PubMed]

9. Russo, V.; Silverio, A.; Scudiero, F.; Di Micco, P.; Di Maio, M. Pre-admission atrial fibrillation in COVID-19 patients: Prevalence
and clinical impact. Eur. J. Intern. Med. 2021, 88, 133–135. [CrossRef] [PubMed]

10. Kotecha, D.; Piccini, J.P. Atrial fibrillation in heart failure: What should we do? Eur. Heart J. 2015, 36, 3250–3257. [CrossRef]
[PubMed]

11. Wang, T.J.; Larson, M.G.; Levy, D.; Vasan, R.S.; Leip, E.P.; Wolf, P.A.; D’Agostino, R.B.; Murabito, J.M.; Kannel, W.B.; Benjamin, E.J.
Temporal relations of atrial fibrillation and congestive heart failure and their joint influence on mortality: The Framingham Heart
Study. Circulation 2003, 107, 2920–2925. [CrossRef] [PubMed]

https://doi.org/10.3390/jcm15166470

https://doi.org/10.1038/s41569-020-0413-9
https://www.ncbi.nlm.nih.gov/pubmed/32690910
https://doi.org/10.1161/CIRCULATIONAHA.120.046941
https://www.ncbi.nlm.nih.gov/pubmed/32200663
https://doi.org/10.1056/NEJMoa2015432
https://www.ncbi.nlm.nih.gov/pubmed/32437596
https://doi.org/10.1016/j.hrthm.2020.06.016
https://www.ncbi.nlm.nih.gov/pubmed/32585191
https://doi.org/10.1016/j.jacep.2021.02.009
https://www.ncbi.nlm.nih.gov/pubmed/33895107
https://doi.org/10.1016/j.ijcard.2021.05.023
https://www.ncbi.nlm.nih.gov/pubmed/33992703
https://doi.org/10.3390/jcm10112490
https://www.ncbi.nlm.nih.gov/pubmed/34199857
https://doi.org/10.1007/s10840-021-00992-2
https://www.ncbi.nlm.nih.gov/pubmed/33855639
https://doi.org/10.1016/j.ejim.2021.03.017
https://www.ncbi.nlm.nih.gov/pubmed/33810938
https://doi.org/10.1093/eurheartj/ehv513
https://www.ncbi.nlm.nih.gov/pubmed/26419625
https://doi.org/10.1161/01.CIR.0000072767.89944.6E
https://www.ncbi.nlm.nih.gov/pubmed/12771006
https://doi.org/10.3390/jcm15166470


J. Clin. Med. 2026, 15, 6470 12 of 13

12. Santhanakrishnan, R.; Wang, N.; Larson, M.G.; Magnani, J.W.; McManus, D.D.; Lubitz, S.A.; Ellinor, P.T.; Cheng, S.; Vasan, R.S.;
Lee, D.S.; et al. Atrial fibrillation begets heart failure and vice versa: Temporal associations and differences in preserved versus
reduced ejection fraction. Circulation 2016, 133, 484–492. [CrossRef] [PubMed]

13. McDonagh, T.A.; Metra, M.; Adamo, M.; Gardner, R.S.; Baumbach, A.; Bohm, M.; Burri, H.; Butler, J.; Celutkiene, J.; Chioncel, O.;
et al. 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure. Eur. Heart J. 2021, 42, 3599–3726.
[CrossRef] [PubMed]

14. Hindricks, G.; Potpara, T.; Dagres, N.; Arbelo, E.; Bax, J.J.; Blomstrom-Lundqvist, C.; Boriani, G.; Castella, M.; Dan, G.A.; Dilaveris,
P.E.; et al. 2020 ESC Guidelines for the diagnosis and management of atrial fibrillation developed in collaboration with the EACTS.
Eur. Heart J. 2021, 42, 373–498. [CrossRef] [PubMed]

15. Aviles, R.J.; Martin, D.O.; Apperson-Hansen, C.; Houghtaling, P.L.; Rautaharju, P.; Kronmal, R.A.; Tracy, R.P.; Van Wagoner, D.R.;
Psaty, B.M.; Lauer, M.S.; et al. Inflammation as a risk factor for atrial fibrillation. Circulation 2003, 108, 3006–3010. [CrossRef]
[PubMed]

16. Bosch, N.A.; Cimini, J.; Walkey, A.J. Atrial fibrillation in the ICU. Chest 2018, 154, 1424–1434. [CrossRef] [PubMed]
17. Chung, M.K.; Refaat, M.; Shen, W.K.; Kutyifa, V.; Cha, Y.M.; Di Biase, L.; Baranchuk, A.; Lampert, R.; Natale, A.; Fisher, J.; et al.

Atrial fibrillation: JACC Council perspectives. J. Am. Coll. Cardiol. 2020, 75, 1689–1713. [CrossRef] [PubMed]
18. Guo, T.; Fan, Y.; Chen, M.; Wu, X.; Zhang, L.; He, T.; Wang, H.; Wan, J.; Wang, X.; Lu, Z. Cardiovascular implications of fatal

outcomes of patients with coronavirus disease 2019 (COVID-19). JAMA Cardiol. 2020, 5, 811–818. [CrossRef] [PubMed]
19. Shi, S.; Qin, M.; Shen, B.; Cai, Y.; Liu, T.; Yang, F.; Gong, W.; Liu, X.; Liang, J.; Zhao, Q.; et al. Association of cardiac injury with

mortality in hospitalized patients with COVID-19 in Wuhan, China. JAMA Cardiol. 2020, 5, 802–810. [CrossRef] [PubMed]
20. Lala, A.; Johnson, K.W.; Januzzi, J.L.; Russak, A.J.; Paranjpe, I.; Richter, F.; Zhao, S.; Somani, S.; Van Vleck, T.; Vaid, A.; et al.

Prevalence and impact of myocardial injury in patients hospitalized with COVID-19 infection. J. Am. Coll. Cardiol. 2020, 76,
533–546. [CrossRef] [PubMed]

21. Zhou, F.; Yu, T.; Du, R.; Fan, G.; Liu, Y.; Liu, Z.; Xiang, J.; Wang, Y.; Song, B.; Gu, X.; et al. Clinical course and risk factors
for mortality of adult inpatients with COVID-19 in Wuhan, China: A retrospective cohort study. Lancet 2020, 395, 1054–1062.
[CrossRef] [PubMed]

22. Wang, D.; Hu, B.; Hu, C.; Zhu, F.; Liu, X.; Zhang, J.; Wang, B.; Xiang, H.; Cheng, Z.; Xiong, Y.; et al. Clinical characteristics of 138
hospitalized patients with 2019 novel coronavirus-infected pneumonia in Wuhan, China. JAMA 2020, 323, 1061–1069. [CrossRef]
[PubMed]

23. Harrison, S.L.; Buckley, B.J.R.; Rivera-Caravaca, J.M.; Zhang, J.; Lip, G.Y.H. Cardiovascular risk factors, cardiovascular disease,
and COVID-19: An umbrella review of systematic reviews. Eur. Heart J. Qual. Care Clin. Outcomes 2021, 7, 330–339. [CrossRef]
[PubMed]

24. RECOVERY Collaborative Group; Horby, P.; Lim, W.S.; Emberson, J.R.; Mafham, M.; Bell, J.L.; Linsell, L.; Staplin, N.; Brightling,
C.; Ustianowski, A.; et al. Dexamethasone in hospitalized patients with COVID-19. N. Engl. J. Med. 2021, 384, 693–704. [CrossRef]
[PubMed]

25. Briciu, V.; Leucuta, D.-C.; Muntean, M.; Radulescu, A.; Cismaru, C.; Topan, A.; Herbel, L.; Horvat, M.; Calin, M.; Dobrota, R.; et al.
Evolving clinical manifestations and outcomes in COVID-19 patients: A comparative analysis of SARS-CoV-2 variant waves in a
Romanian hospital setting. Pathogens 2023, 12, 1453. [CrossRef] [PubMed]

26. Mateescu, D.-M.; Ilie, A.-C.; Cotet, I.; Muresan, C.-O.; Pah, A.-M.; Badalica-Petrescu, M.; Iurciuc, S.; Craciun, M.-L.; Cote, A.;
Enache, A. Predicting COVID-19 sepsis outcomes: Roles of IL-6, cardiac biomarkers, clinical factors, and vaccination status and
exploratory analysis of tocilizumab therapy in an Eastern European cohort. Viruses 2025, 17, 1168. [CrossRef] [PubMed]

27. Mateescu, D.-M.; Ilie, A.-C.; Cotet, I.; Guse, C.; Muresan, C.-O.; Pah, A.-M.; Badalica-Petrescu, M.; Iurciuc, S.; Craciun, M.-L.;
Avram, A.; et al. Pulmonary embolism in hospitalized COVID-19 patients in Romania: Prevalence, risk factors, outcomes. Viruses
2025, 17, 1342. [CrossRef] [PubMed]

28. Mateescu, D.-M.; Gavrilescu, D.-M.; Marginean, A.; Cotet, I.-G.; Guse, E.-C.; Muresan, C.-O.; Toma, A.-O.; Iurciuc, S.; Ilie,
A.-C.; Enache, A. Acute pulmonary edema in COVID-19: Clinical predictors, long-term pulmonary sequelae, and mortality in a
Romanian cohort study. J. Clin. Med. 2025, 14, 8188. [CrossRef] [PubMed]

29. von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Gotzsche, P.C.; Vandenbroucke, J.P. The Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement: Guidelines for reporting observational studies. Lancet 2007, 370,
1453–1457. [CrossRef] [PubMed]

30. Xie, Y.; Xu, E.; Bowe, B.; Al-Aly, Z. Long-term cardiovascular outcomes of COVID-19. Nat. Med. 2022, 28, 583–590. [CrossRef]
[PubMed]

31. Raman, B.; Bluemke, D.A.; Luscher, T.F.; Neubauer, S. Long COVID: Post-acute sequelae of COVID-19 with a cardiovascular
focus. Eur. Heart J. 2022, 43, 1157–1172. [CrossRef] [PubMed]

https://doi.org/10.3390/jcm15166470

https://doi.org/10.1161/CIRCULATIONAHA.115.018614
https://www.ncbi.nlm.nih.gov/pubmed/26746177
https://doi.org/10.1093/eurheartj/ehab368
https://www.ncbi.nlm.nih.gov/pubmed/34447992
https://doi.org/10.1093/eurheartj/ehaa612
https://www.ncbi.nlm.nih.gov/pubmed/32860505
https://doi.org/10.1161/01.CIR.0000103131.70301.4F
https://www.ncbi.nlm.nih.gov/pubmed/14623805
https://doi.org/10.1016/j.chest.2018.03.040
https://www.ncbi.nlm.nih.gov/pubmed/29627355
https://doi.org/10.1016/j.jacc.2020.02.025
https://www.ncbi.nlm.nih.gov/pubmed/32273035
https://doi.org/10.1001/jamacardio.2020.1017
https://www.ncbi.nlm.nih.gov/pubmed/32219356
https://doi.org/10.1001/jamacardio.2020.0950
https://www.ncbi.nlm.nih.gov/pubmed/32211816
https://doi.org/10.1016/j.jacc.2020.06.007
https://www.ncbi.nlm.nih.gov/pubmed/32517963
https://doi.org/10.1016/S0140-6736(20)30566-3
https://www.ncbi.nlm.nih.gov/pubmed/32171076
https://doi.org/10.1001/jama.2020.1585
https://www.ncbi.nlm.nih.gov/pubmed/32031570
https://doi.org/10.1093/ehjqcco/qcab029
https://www.ncbi.nlm.nih.gov/pubmed/34107535
https://doi.org/10.1056/NEJMoa2021436
https://www.ncbi.nlm.nih.gov/pubmed/32678530
https://doi.org/10.3390/pathogens12121453
https://www.ncbi.nlm.nih.gov/pubmed/38133336
https://doi.org/10.3390/v17091168
https://www.ncbi.nlm.nih.gov/pubmed/41012595
https://doi.org/10.3390/v17101342
https://www.ncbi.nlm.nih.gov/pubmed/41157613
https://doi.org/10.3390/jcm14228188
https://www.ncbi.nlm.nih.gov/pubmed/41303223
https://doi.org/10.1016/S0140-6736(07)61602-X
https://www.ncbi.nlm.nih.gov/pubmed/18064739
https://doi.org/10.1038/s41591-022-01689-3
https://www.ncbi.nlm.nih.gov/pubmed/35132265
https://doi.org/10.1093/eurheartj/ehac031
https://www.ncbi.nlm.nih.gov/pubmed/35176758
https://doi.org/10.3390/jcm15166470


J. Clin. Med. 2026, 15, 6470 13 of 13

32. Tudoran, C.; Tudoran, M.; Lazureanu, V.E.; Marinescu, A.R.; Cut, T.G.; Oancea, C.; Pescariu, S.A.; Pop, G.N. Factors influencing
the evolution of pulmonary hypertension in previously healthy subjects recovering from a SARS-CoV-2 infection. J. Clin. Med.
2021, 10, 5272. [CrossRef] [PubMed]

33. Kelesoglu, S.; Yilmaz, Y.; Ozkan, E.; Calapkorur, B.; Gok, M.; Dursun, Z.B.; Kilic, A.U.; Demirelli, S.; Simsek, Z.; Elcik, D. New
onset atrial fibrilation and risk factors in COVID-19. J. Electrocardiol. 2021, 65, 76–81. [CrossRef] [PubMed]

34. Sanchis-Gomar, F.; Perez-Quilis, C.; Lavie, C.J. Should atrial fibrillation be considered a cardiovascular risk factor for a worse
prognosis in COVID-19 patients? Eur. Heart J. 2020, 41, 3092–3093. [CrossRef] [PubMed]

35. Siniscalchi, C.; Guerra, A.; Cerundolo, N.; Di Micco, P.; Tana, C.; Prati, B.; Parise, A.; Nouvenne, A.; Meschi, T. Enduring insights
from sex differences in COVID-19: A retrospective post hoc analysis from a large Italian patient cohort. Front. Med. 2026,
13, 1764966. [CrossRef] [PubMed]

36. Siniscalchi, C.; Ticinesi, A.; Guerra, A.; Parise, A.; Cerundolo, N.; Prati, B.; Simoni, R.; Porro, E.; Meschi, T. The prognostic value of
Clinical Frailty Scale in COVID-19 pneumonia across different pandemic phases: A comparison between the first and the fourth
wave. Front. Med. 2025, 12, 1549444. [CrossRef] [PubMed]

37. Askarinejad, A.; Bucci, T.; Tartaglia, E.; Rossi, M.; Rigutini, A.G.; Tse, H.-F.; Boriani, G.; Chao, T.-F.; Lip, G.Y.H. Cardiovascular-
kidney-metabolic syndrome and atrial fibrillation: Insights from 2 real-world prospective registries across Europe and East Asia.
Heart Rhythm 2026, 23, 1250–1258. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/jcm15166470

https://doi.org/10.3390/jcm10225272
https://www.ncbi.nlm.nih.gov/pubmed/34830554
https://doi.org/10.1016/j.jelectrocard.2020.12.005
https://www.ncbi.nlm.nih.gov/pubmed/33556739
https://doi.org/10.1093/eurheartj/ehaa509
https://www.ncbi.nlm.nih.gov/pubmed/32688380
https://doi.org/10.3389/fmed.2026.1764966
https://www.ncbi.nlm.nih.gov/pubmed/41756373
https://doi.org/10.3389/fmed.2025.1549444
https://www.ncbi.nlm.nih.gov/pubmed/40212274
https://doi.org/10.1016/j.hrthm.2026.02.038
https://www.ncbi.nlm.nih.gov/pubmed/41966525
https://doi.org/10.3390/jcm15166470

	Introduction 
	Materials and Methods 
	Study Design and Setting 
	Participants 
	Variable Definitions 
	Statistical Analysis 
	Ethics 

	Results 
	Cohort Characteristics 
	Atrial Fibrillation and Documented Heart Failure 
	Recorded NYHA Class 
	Exploratory In-Hospital Mortality 

	Discussion 
	Interpretation and Clinical Context 
	Later-Pandemic Context and Exploratory Outcomes 
	Ascertainment and Study Limitations 
	Implications and Future Research 

	Conclusions 
	References

