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ABSTRACT
Purpose: To evaluate the association of lipid pro-

file and statin therapy with stroke severity and early func-
tional outcome in anticoagulated patients with atrial fibril-
lation (AF) hospitalized with acute ischemic stroke (IS).

Materials and methods: This prospective, single-
center cohort study included consecutive patients with
acute IS and documented AF who were receiving oral anti-
coagulant therapy prior to stroke onset, including direct
oral anticoagulants or vitamin K antagonists with therapeu-
tic INR values. Demographic characteristics, comorbidities,
lipid profile, and clinical risk scores were recorded on ad-
mission. Stroke severity was assessed using the NIHSS, and
early functional outcome was evaluated using the modi-
fied Rankin Scale at discharge.

Results: A total of 55 patients were included (me-
dian age 79 years; 40% male). Prior statin therapy was iden-
tified in 40% of patients. Patients receiving statins had sig-
nificantly lower LDL-C levels at admission. However, no
significant differences were observed between statin-treated
and non-treated patients regarding stroke severity, early
functional outcome, or in-hospital mortality. Notably,
statin-treated patients exhibited a higher baseline clinical
risk profile, reflected by higher CHA2DS2-VASc and HAS-
BLED scores and a greater prevalence of prior IS.

Conclusion: In anticoagulated patients with AF pre-
senting with acute IS, lipid profile and statin therapy were
not primary determinants of early stroke severity or func-
tional outcome. Comparable outcomes among statin-treated
patients despite a higher baseline risk suggest that
dyslipidemia may influence the clinical course of IS in a
more indirect manner. This single-center study highlights
the need for further investigation to clarify the role of li-
pid-related mechanisms beyond anticoagulation.
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INTRODUCTION
Atrial fibrillation (AF) remains one of the leading

risk factors for ischemic stroke (IS), significantly increas-
ing the risk of thromboembolic cerebrovascular events [1].
Current clinical guidelines emphasize the central role of
oral anticoagulants, including direct oral anticoagulants
(DOACs) and vitamin K antagonists, in both primary and
secondary prevention of stroke in patients with AF [2]. Nev-
ertheless, despite optimal anticoagulant therapy, a propor-
tion of patients with AF continue to experience IS, under-
scoring the need to identify additional mechanisms and risk
factors contributing to residual cerebrovascular risk.

Elevated levels of low-density lipoprotein choles-
terol (LDL-C) are a well-established risk factor for cardio-
vascular disease, including IS [3]. While lipid abnormali-
ties play a clearly defined role in the pathophysiology of
atherothrombotic stroke, their relevance in cardioembolic
stroke associated with AF remains less well characterized
[4]. Over recent decades, lipid-lowering therapy, particu-
larly statins, has demonstrated substantial benefits in both
primary and secondary stroke prevention [3, 5]. Beyond
their LDL-C-lowering effects, statins exert pleiotropic ef-
fects, including improved endothelial function, inhibition
of platelet activation, anti-inflammatory effects, and reduc-
tion of tissue factor expression, all of which may contrib-
ute to a reduction in thrombotic risk [6, 7].

To date, clinical studies have yielded conflicting re-
sults regarding the relationship between lipid profile, statin
therapy, and stroke risk in patients with AF. Some investi-
gations suggest a higher risk of cardioembolic events in
the presence of unfavorable lipid ratios, such as a high
HDL-C/LDL-C ratio, as well as an association between in-
tensive lipid control with high-dose statin therapy and a
reduced risk of ischemic stroke in anticoagulated patients
[8, 9]. In contrast, other studies have failed to demonstrate
a significant association between LDL-C levels and residual
IS risk in patients with AF receiving anticoagulant therapy
[10]. Consistent with these findings, hyperlipidemia is not
included as a risk factor in the CHA2DS2-VASc score used
for stroke risk stratification in AF patients [2, 11]. These
contradictory observations highlight the need for further
studies to clarify the role of dyslipidemia and statin therapy
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in determining stroke severity and clinical outcomes among
patients with AF who experience IS despite effective anti-
coagulation. In this context, the present study aims to
evaluate the association between lipid profile and statin
therapy, on the one hand, and stroke severity and early
functional outcome, on the other, in patients with AF re-
ceiving effective anticoagulant treatment and hospitalized
with acute IS.

MATERIALS AND METHODS
Study design
The prospective cohort study was conducted over a

one-year period at the Neurology Clinic of University Hos-
pital Dr Georgi Stranski, Pleven, Bulgaria. Consecutive pa-
tients hospitalized with acute IS and documented AF were
enrolled. All included patients had been receiving oral an-
ticoagulant therapy prior to the index stroke event.

Study population
Eligible participants were adults aged ≥18 years with

acute IS confirmed by clinical presentation and neuro-
imaging studies, and with AF (paroxysmal, persistent, or
permanent) documented either prior to or at the time of hos-
pital admission. All patients were on oral anticoagulant
therapy before stroke onset, including DOACs (apixaban,
rivaroxaban, dabigatran, or edoxaban) or vitamin K antago-
nists (acenocoumarol). Patients treated with vitamin K an-
tagonists were included only if the international normal-
ized ratio (INR) was within the therapeutic range (≥2.0).

Statin therapy was defined as treatment initiated
prior to the occurrence of the index IS and was identified
at hospital admission based on history and available medi-
cal documentation. Patients were classified into two groups
according to statin exposure: those receiving statin therapy
prior to stroke onset and those not receiving statins.

Data collection
For each patient, demographic data (age and sex),

clinical characteristics, and comorbid conditions were col-
lected, including arterial hypertension, diabetes mellitus,
ischemic heart disease, congestive heart failure, previous
stroke, renal impairment, and liver disease.

Laboratory investigations were performed upon ad-
mission and included lipid profile parameters - total cho-
lesterol, low-density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C), and triglycerides.

Stroke severity was assessed using the National In-
stitutes of Health Stroke Scale (NIHSS) at admission and
at discharge. Early functional outcome was evaluated at
discharge using the modified Rankin Scale (mRS). An
unfavorable early functional outcome was defined as an
mRS score ≥3. In-hospital mortality was recorded as an ad-
ditional outcome measure. For each patient, thromboem-
bolic risk was assessed using the CHA‚ DS‚ -VASc score,
and bleeding risk was evaluated using the HAS-BLED score.

Statistical methods
Descriptive statistics were presented as median and

interquartile range (IQR) for continuous variables and as
absolute numbers and percentages for categorical variables.
Comparisons between groups were performed using the
Mann–Whitney U test for continuous variables and the χ²

test or Fisher’s exact test for categorical variables, as ap-
propriate.

Statistical significance was defined as a p-value <
0.05. All statistical analyses were conducted using appro-
priate statistical software.

Ethical considerations
The study protocol was approved by the Ethics

Committee of the Medical University of Pleven. All data
were processed in accordance with applicable data protec-
tion regulations and analyzed in anonymized form.

RESULTS
A total of 55 patients (n=55) with acute IS and AF

who had been receiving oral anticoagulant therapy prior
to stroke onset were included in the study. The median age
of the cohort was 79 years (IQR 76–84), and 22 patients
(40.0%) were male.

Forty-nine patients (89.1%) were treated with direct
oral anticoagulants, while six patients (10.9%) were receiv-
ing vitamin K antagonists with documented therapeutic
INR values. Reduced doses of DOACs were administered
in 24 patients (43.6%). Statin therapy prior to stroke onset
was identified in 22 patients (40.0%).

The most common comorbid conditions were arte-
rial hypertension, present in 50 patients (90.9%), ischemic
heart disease in 27 patients (49.1%), congestive heart fail-
ure in 21 patients (38.2%), and diabetes mellitus in 17 pa-
tients (30.9%). A history of previous ischemic stroke was
documented in 18 patients (32.7%).

The median CHA2DS2-VASc score was 5 (IQR 4–6),
while the median HAS-BLED score was 2 (IQR 2–3). Ad-
mission lipid profile showed median LDL-C levels of 2.47
mmol/L (IQR 1.89–2.82), HDL-C levels of 1.19 mmol/L
(IQR 0.98–1.46), and triglyceride levels of 1.38 mmol/L
(IQR 0.98–1.77).

Stroke severity assessed by the NIHSS at admission
had a median score of 7 (IQR 5–13). Among the 51 patients
who survived to discharge, the median NIHSS score at dis-
charge was 4 (IQR 2–9). Early functional outcome assessed
using the modified Rankin Scale at discharge showed a
median mRS score of 3 (IQR 2–4), with an unfavorable early
functional outcome (mRS ≥3) observed in 29 patients
(52.7%). In-hospital mortality occurred in four patients,
corresponding to a rate of 7.3%.

Table 1. Detailed demographic, clinical and labo-
ratory characteristics of the study population (n=55).

Clinical characteristic Value

Age, years, median (IQR) 79 (76-84)

Male sex, n (%) 22 (40.0)

Direct oral anticoagulant (DOAC), n (%) 49 (89.1)

Vitamin K antagonist (VKA), n (%) 6 (10.9)

Reduced-dose anticoagulation, n (%) 24 (43.6)

Statin therapy, n (%) 22 (40.0)

Arterial hypertension, n (%) 50 (90.9)

Ischemic heart disease, n (%) 27 (49.1)
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Patients were stratified into two groups according
to statin exposure prior to stroke onset: those receiving
statin therapy (statin (+), n = 22) and those not receiving
statins (statin (–), n = 33). Median age did not differ sig-

Heart failure, n (%) 21 (38.2)

Diabetes mellitus, n (%) 17 (30.9)

Prior ischemic stroke, n (%) 18 (32.7)

CHA‚ DS‚ -VASc score, median (IQR) 5 (4-6)

HAS-BLED score, median (IQR) 2 (2-3)

LDL-C, mmol/l, median (IQR) 2.47 (1.89-2.82)

HDL-C, mmol/l, median (IQR) 1.19 (0.98-1.46)

Triglycerides, mmol/l, median (IQR) 1.38 (0.98-1.77)

NIHSS on admission, median (IQR) 7 (5-13)

NIHSS at discharge*, median (IQR) 4 (2-9)

mRS at discharge, median (IQR) 3 (2-4)

mRS e”3, n (%) 29 (52.7)

In-hospital mortality, n (%) 4 (7.3)

*NIHSS at discharge available for 51 patients.

Table 2. Comparison according to statin use.

Variable Statin group (n=22) No statin group (n=33) p-value

Age, median (IQR), years 79.5 (76.3–82.8) 78 (75–85) ns

Male sex, n (%) 9 (40.9) 13 (39.4) ns

CHA‚ DS‚ -VASc score, median (IQR) 6 (5–7) 5 (4–6) <0.05

HAS-BLED score, median (IQR) 3 (2–3) 2 (1–2) <0.05

Previous ischemic stroke, n (%) 10 (45.5) 8 (24.2) ns

LDL-C, mmol/L, median (IQR) 1.97 (1.28–2.57) 2.54 (2.22–3.1) <0.01

HDL-C, mmol/L, median (IQR) 1.10 (0.96–1.33) 1.3 (1.07-1.57) ns

NIHSS on admission, median (IQR) 6.5 (5–11.8) 8 (5–16) ns

mRS at discharge, median (IQR) 2.5 (2–4) 3 (2–5) ns

In-hospital mortality, n (%) 1 (4.5) 3 (9.1) ns

Data are presented as median (interquartile range) or number (percentage); ns – not significant (p ≥0.05)

nificantly between the two groups, being 79.5 years (IQR
76.3-82.8) in the statin (+) group and 78.0 years (IQR 75-
85) in the statin (–) group.

Admission lipid profile demonstrated lower LDL-
C levels in patients receiving statin therapy, with a me-
dian LDL-C of 1.97 mmol/L (IQR 1.28-2.57), compared
with 2.54 mmol/L (IQR 2.22-3.10) in patients not receiv-
ing statins. Median HDL-C levels were 1.10 mmol/L (IQR

0.96-1.33) in the statin (+) group and 1.30 mmol/L
(IQR 1.07-1.57) in the statin (–) group.

Stroke severity at admission, assessed using the
NIHSS, was lower in the statin (+) group, with a median
score of 6.5 (IQR 5-11.8), compared with 8 (IQR 5-16) in
patients not receiving statin therapy. Early functional out-
come assessed by the mRS at discharge showed a more
favorable trend among patients receiving statins, with a
median mRS score of 2.5 (IQR 2.0-4.0), compared with
3.0 (IQR 2.0-5.0) in the statin (–) group. Patients in the
statin (+) group exhibited a higher baseline clinical risk
profile, reflected by higher CHA2DS2-VASc and a higher
prevalence of prior ischemic stroke.

Fig. 1. LDL-C levels according to statin use. LDL cholesterol levels in patients receiving statin
therapy and those without statin therapy. The boxes rep-
resent the interquartile range, the horizontal line indicates
the median, and whiskers denote the minimum and maxi-
mum values.

DISCUSSION
Intensive lowering of LDL-C levels through statin

therapy is à well-established effective strategy for reduc-
ing the risk of atherothrombotic vascular events. Multi-
ple studies have demonstrated a strong association be-
tween dyslipidemia and the risk of IS, particularly in
atherosclerotic subtypes [4, 5, 11, 12]. In contrast,
cardioembolic stroke in patients with AF is characterized
by a distinct pathophysiological mechanism, primarily
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involving thrombus formation within the left atrium and
subsequent embolization to the cerebral circulation, rather
than progressive arterial atherosclerosis [13, 14].

Within this context, the role of lipid profile as a
direct determinant of IS risk and severity in patients with
AF remains less clearly defined. Several clinical studies
have failed to demonstrate a significant association be-
tween LDL-C levels and the risk or severity of IS in anti-
coagulated patients with AF [6, 9, 10]. These observations
suggest that, once effective anticoagulation is achieved,
lipid-related mechanisms may play a limited role in the
clinical expression of acute cardioembolic stroke.

The results of this prospective cohort study dem-
onstrate that patients receiving statin therapy prior to
stroke onset had significantly lower LDL-C levels, but no
corresponding difference in stroke severity as assessed by
the NIHSS, early functional outcome measured by the
mRS, or in-hospital mortality. Taken together, these find-
ings support the notion that, in anticoagulated patients
with AF, lipid profile and statin therapy are not primary
determinants of early clinical outcome following acute IS.

Notably, statin-treated patients exhibited a higher
baseline clinical burden, reflected by higher CHA‚ DS‚ -
VASc and HAS-BLED scores, a greater prevalence of prior
ischemic stroke. The absence of worse outcomes in this
group raises the possibility of a risk-modifying or “neu-
tralizing” effect of statins, potentially mediated by a pleio-
tropic mechanism independent of lipid lowering.

These findings are biologically plausible given the
known anti-inflammatory, endothelial-stabilizing, and
antithrombotic effects of statins [7, 15, 16, 17]. These
mechanisms may contribute to improved vascular func-
tion and a reduction in residual thromboembolic risk in
patients with AF, even when effective anticoagulant
therapy is administered [18, 19, 20].

The absence of hyperlipidemia as a component of
the CHA‚ DS‚ -VASc risk score further reflects the prevail-
ing clinical understanding that thromboembolic risk in AF
is primarily driven by demographic and clinical factors
rather than lipid status [11, 15]. In this pathophysiologi-
cal framework, the findings of the present study appear
consistent and coherent, suggesting that dyslipidemia and
statin therapy exert a modifying rather than determining
influence on early stroke severity and functional outcome
in anticoagulated patients with AF.

These observations highlight the multifactorial na-
ture of residual cerebrovascular risk in AF patients and

suggest that the relationship between lipid profile, statin
therapy, and stroke outcomes may be more complex. Fur-
ther research in larger multicenter cohorts is needed to
better characterize these associations in patients with AF.

Limitations
Several limitations of the present study should be

considered when interpreting the results. First, the single-
center design and the relatively small sample size limit
the statistical power of the analysis and restrict the
generalizability of the findings to broader patient
populations. Second, the observational nature of the study
precludes causal inferences regarding the relationship be-
tween statin therapy, lipid profile, and clinical outcomes;
therefore, the observed associations should be regarded
as hypothesis-generating.

In addition, lipid profile was assessed only at hos-
pital admission, without information on long-term lipid
control or adherence to statin therapy prior to stroke on-
set. The study also did not include stratification accord-
ing to statin intensity or duration of treatment, factors that
may have influenced clinical outcomes. Finally, func-
tional outcome was evaluated exclusively during the early
in-hospital period, without long-term follow-up, thereby
limiting the assessment of potential delayed effects of
statin therapy. The limited sample size further reduces the
ability to detect moderate but clinically meaningful dif-
ferences between the study groups.

CONCLUSION
In patients with AF who experience acute IS despite

effective anticoagulation, lipid profile and prior statin
therapy do not appear to be primary determinants of stroke
severity and early functional outcome. However, the ab-
sence of worse outcomes among statin-treated patients
with a higher baseline risk suggests that these factors may
influence the clinical course of IS in a more indirect man-
ner. This exploratory single-center study with a limited
sample size highlights the complexity of residual cer-
ebrovascular risk in AF and underscores the need for fur-
ther investigation to clarify the role of lipid-related
mechanisms beyond anticoagulation.
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