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BACKGROUND: The incidence of cryptogenic ischemic stroke (CIS) in young adults is increasing, particularly among those
without traditional vascular risk factors. Thrombophilia may contribute to CIS pathogenesis, yet guidelines differ on the
relevance of screening. We investigated the sex-specific prevalence of routinely applied thrombophilia screening in young-
onset CIS and its association with clinical characteristics and standard laboratory results.

METHODS: We included young patients with CIS aged 18 to 49 years from the SECRETO study (Searching for Explanations
for Cryptogenic Stroke in the Young: Revealing the Triggers, Causes, and Outcome). Routinely used thrombophilia panels
obtained at admission and repeated testing within 1 year of stroke were analyzed. Ten thrombophilia markers were assessed
and categorized according to the grade of deviation into lowest, low, and high thrombosis risks. Factors associated with any
deviation in thrombophilia markers were investigated with multivariable logistic regression.

RESULTS: Of 598 initially enrolled patients with CIS, 556 undergoing baseline thrombophilia testing were analyzed (median
age, 410 [interquartile range, 34.1-45.8] years; male:female ratio 1.2:1). Of these, 120 (21.6%) and 36 (6.5%) were
retested by 3 and 12 months, respectively. At baseline, any thrombophilia abnormality was observed in 206 patients (37.1%;
men, 38.2%; women, 35.7%). High-risk thrombophilia was identified in 29 patients (5.2%) at baseline, in 13 retested
patients (11.1%) at 3 months, and in 5 retested patients (13.9%) at 12 months. Overall, 45 patients (8.1%) had persistent
thrombophilia abnormalities (men, 7.9%; women, 8.3%). Physical inactivity, a history of venous thromboembolism, low HDL
(high-density lipoprotein)-cholesterol, and low hemoglobin were associated with any deviation in the thrombophilia markers.
Anticoagulation was initiated in 50.0% of patients with abnormal baseline thrombophilia versus 35.7% without (P=0.042)
and in 26.9% versus 6.2% with and without persistent abnormalities (R<0.001).

CONCLUSIONS: Over a third of young adults with CIS had thrombophilia deviations at admission although high-risk thrombophilia
results remained rare. Screening may be considered in young patients with CIS with a history of venous thromboembolism,
physical inactivity, and low hemoglobin or HDL-cholesterol.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.

Key Words: adult m case-control studies ® ischemic stroke M risk factors ® stroke ® thrombophilia

troke is the leading cause of death and long-term (aged <60 years)." The incidence of ischemic stroke in
disability worldwide, affecting over 15 million people  these young adults is rising, primarily driven by crypto-
annually, including at least 1.5 million young adults  genic ischemic stroke (CIS).2 Up to 50% of early onset
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Nonstandard Abbreviations and Acronyms

ALAT alanine aminotransferase
CIs cryptogenic ischemic stroke

GGT gamma-glutamyl transferase

HDL high-density lipoprotein

INTERSTROKE Global and Regional Effects
of Potentially Modifiable Risk
Factors Associated With Acute
Stroke in 32 Countries

LDL low-density lipoprotein

PFO patent foramen ovale

SECRETO Searching for Explanations for
Cryptogenic Stroke in the Young:
Revealing the Triggers, Causes,
and Outcome

VTE venous thromboembolism

strokes are cryptogenic or associated with findings for
which determining causality is often challenging, such as
patent foramen ovale (PFO).2

Traditional vascular risk factors, such as hyperten-
sion, smoking, and diabetes, have been recognized as
important contributors to early onset ischemic stroke.*
However, many young patients lack these risk factors,
suggesting a greater influential role of nontraditional
factors, including venous thromboembolism (VTE), auto-
immune disease, and thrombophilia, as supported by a
recent retrospective case-control study and additional
meta-analyses, underscoring the need for further investi-
gation of these factors.*®

Current knowledge on the impact of thrombophiliain
young patients mainly derives from small-sized studies;
larger studies assessing the prevalence of hyperco-
agulability findings specifically in young-onset patients
with CIS are lacking. Thrombophilia screening pan-
els used in patients with stroke are typically adopted
from protocols used in VTE and include tests for both
inherited and acquired thrombophilias, including fac-
tor V Leiden, prothrombin G20210A mutation, fac-
tor VIII activity, antithrombin activity, protein C activity,
and free protein S antigen, as well as antiphospholipid
antibodies, with some variability between laboratories.®
Abnormal levels of these markers are well-established
risk factors for VTE, but their role in arterial thrombotic
events is less clearly defined.5'° The net result of throm-
bophilia is increased thrombin generation contributing
to ischemic stroke risk through mechanisms such as
paradoxical embolism from the venous side via PFO
and, potentially, as a driver of the formation and pro-
gression of atherosclerotic lesions.’#9!" Despite these
hypotheses, routine thrombophilia screening in young
patients with stroke is not currently recommended in
clinical guidelines 8912714
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We hypothesized that thrombophilia may play a sig-
nificant role in the pathogenesis of CIS in young patients
and be a frequent finding. To investigate this, we con-
ducted a prospective international multicenter study to
assess the prevalence and rate of thrombophilia retest-
ing in young-onset patients with CIS. Furthermore, we
assessed whether demographic factors or clinical and
routine laboratory markers are associated with abnormal
thrombophilia testing resuilts.

METHODS

Data Availability Statement
The data supporting the findings of this study are not pub-
licly available but are available upon reasonable request and
with permission of the SECRETO consortium (Searching for
Explanations for Cryptogenic Stroke in the Young: Revealing
the Triggers, Causes, and Outcome).

Cohort Description

We collected detailed clinical and laboratory data from 598
patients aged 18 to 50 years with a first-ever CIS enrolled
across 19 European centers between November 2013 and
January 2022 in the SECRETO study.® Ethical approval for the
study was granted by local committees, and all participants pro-
vided written informed consent.

The main inclusion criteria were (1) age between 18 and
49 years at stroke onset and (2) hospitalization for first-ever,
imaging-positive CIS, following a complete and timely minimum
diagnostic work-up. The main exclusion criteria are (1) failure
to obtain the minimum baseline tests within the first week fol-
lowing stroke onset and (2) completion of other baseline tests
within the first 2 weeks after stroke onset?

For the present analysis, we excluded patients with com-
pletely missing data on thrombophilia testing and those with
missing data in >b of the 10 assessed thrombophilia markers.
Patients with established antiphospholipid syndrome before
the index CIS were considered causally relevant and were,
therefore, not enrolled.®

Stroke Classification

CIS was classified according to the ASCO system (A: athero-
sclerosis, S: small vessel disease, C: cardiac source, and O:
other source): either the absence of a detectable cause (grade
0) or an uncertain causality (grade II) or unlikely to be a direct
cause (grade ), based on the most reliable diagnostic evi-
dence available. Minor adaptations to these criteria were made
to more accurately reflect the diagnostic uncertainty frequently
encountered in young patients.'®

Definition of Risk Factors

Baseline data on lifestyle, psychosocial factors, and medi-
cal history were gathered using standardized questionnaires.®
Anthropometric measurements, blood pressure, and heart
rate were obtained using standard protocols. Clinical history
was retrieved according to the INTERSTROKE study (Global
and Regional Effects of Potentially Modifiable Risk Factors
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Associated With Acute Stroke in 32 Countries), including
cardiovascular disease, diabetes, dyslipidemia, hypertension,
obstructive sleep apnea, abdominal obesity, current smoking,
heavy alcohol use, unhealthy diet, physical inactivity, psycho-
social stress, and depression.'"® Nontraditional risk factors
were defined as the following: history of inflammatory bowel
disease, history of chronic kidney disease, history of chronic
liver disease, history of autoimmune disease, history of hema-
tologic disease or known thrombophilia, history of VTE, his-
tory of malignancy, and history of migraine with aura and illicit
drug use within the past 12 months. Female-sex—specific risk
factors included a history of gestational diabetes, gestational
hypertension, eclampsia, pregnancy or puerperium, and current
use of estrogen (Table S1). The presence of PFO was recorded
and classified as high-risk if an atrial septal aneurysm or large
right-to-left shunt was detected.®

Follow-Up Visits

Patients attended a follow-up visit at 3 months and a call at 12
months after the index stroke, where medical and laboratory
records were reviewed.

Standard Laboratory Assessments

We analyzed a range of standard laboratory tests taken on
admission, with known interplay with or potential impact on
blood coagulation. These tests included CRP (C-reactive
protein), hemoglobin, platelet count, leukocyte count, total
cholesterol, LDL (low-density lipoprotein)-cholesterol, HDL
(high-density lipoprotein)-cholesterol, triglycerides, ALAT (ala-
nine aminotransferase), GGT (gamma-glutamyl transferase),
creatinine, glucose, and international normalized ratio. Results
were analyzed both as continuous and categorical variables.
Accepted sex-specific cutoffs were applied for hemoglobin,
ALAT, and GGT. HDL-cholesterol values below 0.9 mmol/L
were considered low, according to Framingham study criteria.'”
Most participating hospitals used CRP measurements with a
lower cutoff indicating normal range, and to generate a con-
tinuous CRP variable, we imputed values below the cutoff (eg,
<10 mg/L) using the midpoint between O and the cutoff.

Thrombophilia Assessments

We recorded the performance and results of a total of 10
thrombophilia markers, including antithrombin activity, protein
C activity, free protein S antigen, factor VIII activity, factor Il
20210 mutation, factor V Leiden mutation, anticardiolipin anti-
bodies, anti-B2-glycoprotein antibodies, lupus anticoagulant,
and homocysteine concentration.

The study protocol recommended using a thrombophilia
screening panel as provided by the local laboratory although the
composition of these panels varied between participating sites.

Abnormal values reflecting higher thrombosis risk were
determined according to the combination of accepted refer-
ence ranges, relevant literature, and consultation with coagu-
lation specialists (T.S. and H.T.C.) and specialists of clinical
laboratory medicine (TAH. and L.J.-K.), acknowledging that no
universally accepted cutoffs exist.'”"2' Based on the reference
ranges of these sources, the level of each continuous throm-
bophilia test result was categorized as normal, low risk, and
high risk. Heterozygous factor Il 20210 and factor V Leiden
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mutations, anti-B2-glycoprotein antibodies or anticardiolipin
antibodies between 10 and 40 U/mL, antithrombin activity of
60% to 79%, factor VIII activity of 160% to 189%, free protein
S antigen of 40% to 70% for men or 40% to 56% for women,
homocysteine concentration of 16 to 100 umol/L, and protein
C activity of 60% to 69% were classified as low-risk throm-
bophilia findings. Homozygous factor Il 20210 and factor V
Leiden mutations, high anti-B2-glycoprotein antibodies or anti-
cardiolipin antibodies (>40 U/mL), antithrombin activity <60%,
factor VIII activity >190%, free protein S antigen <40%, severe
hyperhomocysteinemia (>100 pmol/L), protein C activity
<60%, the presence of high titer of triple-positive antiphospho-
lipid antibodies, or lupus anticoagulant, were classified as high-
risk thrombophilia findings. The markers were further divided
into 2 groups: inherited and acquired thrombophilia markers.
Specific cutoff values for each marker are listed in Table S2.

Performance and results of thrombophilia testing were
recorded over the 12 months of follow-up. Based on the overall
thrombophilia results, we categorized patients into 4 throm-
bosis risk categories: lowest risk (all results within the nor-
mal range), low risk (at least 1 low-risk result but no high-risk
results), high risk (at least 1 high-risk result), and combined risk
(the presence of both low- and high-risk results).

To evaluate whether infections could affect thrombophilia
test results, patients were asked about any symptoms of infec-
tion at the time of taking blood samples to screen for throm-
bophilia using a structured questionnaire. Furthermore, data
on current use of antiplatelet or anticoagulation therapy were
recorded at 3- and 12-month follow-ups.

Primary and Secondary Outcomes

The primary outcome was the presence of at least 1 abnor-
mal thrombophilia marker in the panel. Secondary outcomes
included the presence of high-risk thrombophilia results and the
persistence of abnormality in thrombophilia markers assessed
from repeated testing performed by 3 or 12 months of follow-up.

Statistical Analyses

All statistical analyses were performed using SPSS, version
29.0, for Microsoft Windows.

Categorical variables are presented as n (%) with com-
parisons between groups performed using the Pearson y? and
Fisher exact tests. Continuous variables with normal distribu-
tions are expressed as means and SDs and were compared
using the independent sample t test. For nonnormally distrib-
uted continuous variables, data are presented as medians with
interquartile range, and comparisons were made using the
Mann-Whitney U test or the Kruskal-Wallis test, as appropriate.

Multivariable logistic regression analyses using the back-
ward likelihood ratio selection method were conducted to
identify independent predictors of primary and secondary out-
comes, adjusting for age, sex, and other prespecified relevant
factors. The models were constructed sequentially, with the
first model including each independent predictor to estimate
unadjusted odds ratios, the second including demographic vari-
ables (age and race), the third adding additionally clinical risk
factors (a history of diabetes, a history of venous thrombosis,
a history of chronic multisystem disorder, physical inactivity,
and hypercholesterolemia), and the fourth model adding fur-
ther incorporating standard laboratory values (low hemoglobin
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and low HDL-cholesterol). Dyslipidemia was excluded from the
fourth model due to its collinearity with low HDL-cholesterol.
C-statistics and receiver operating characteristic curves were
provided for each model. In addition, sex-specific models were
performed to explore potential sex differences in associations.
We performed a sensitivity analysis assessing the robustness
of the associations by repeating the logistic regression for the
primary outcome by excluding patients with missing factor VIl
and homocysteine values. A 2-sided A<0.05 was considered
statistically significant in all analyses.

This study was reported according to the STROBE guide-
lines (Strengthening the Reporting of Observational Studies in
Epidemiology; Supplemental Material).

Ethical Approvals and Consents

All participating study centers obtained approvals from the
appropriate local ethics committees, in accordance with rel-
evant ethical and regulatory standards. Before enrollment, writ-
ten informed consent was obtained from all participants.®

RESULTS

From the initial data set of 598 patients, 42 patients were
excluded from the analysis: 22 patients with completely
missing data on thrombophilia testing and an additional
20 patients with missing data for >5 of the 10 assessed
thrombophilia markers. Therefore, a total of 556 patients
with CIS were included in the final analysis (Figure S1).

Of the included 556 patients with CIS (median age,
41.0 [interquartile range, 34.1-45.8] years; male:female
ratio 1.21:1), 94.4% were of White European ancestry.
The most prevalent comorbidities were abdominal obe-
sity, dyslipidemia, hypertension, and smoking. Half of the
patients had a positive family history of stroke. Women
showed a significantly higher prevalence of a history of
autoimmune disease and migraine with aura compared
with men. A clinically relevant PFO was detected in
38.5% of the patients (Table 1).

Standard Laboratory Results

In the baseline routine laboratory assessments, elevated
CRPlevels were observed in 4.7% of patients. Low hemo-
globin levels were identified in 16.9%, while over one-
third of patients presented with high total cholesterol. In
addition, 50% of patients had elevated LDL-cholesterol
levels. Regarding sex differences, women had lower
hemoglobin concentrations and higher platelet counts.
In contrast, men had higher levels of LDL-cholesterol
and triglycerides, and lower levels of HDL-cholesterol.
In addition, concentrations of ALAT, GGT, creatinine, and
blood glucose were significantly higher in men (Table 2).

Thrombophilia Screening

All'included patients underwent thrombophilia screening
at baseline, performed within 1 week after admission.

Stroke. 2026;57:1242-1255. DOI: 10.1161/STROKEAHA.125.0563251
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Completeness of the screening varied across individual
markers, with the highest proportions of missing appear-
ing for homocysteine concentration (23.0%) and factor
VIII activity (48.4%; Figure [A]).

Follow-up screening at 3 and 12 months was per-
formed in 21.6% and 6.5% of patients, respectively, with
no difference between sexes (Figure [B]).

Abnormalities in at least 1 of the 10 thrombophilia
markers were detected in 37.1% of patients at base-
line. Persistent abnormalities in at least 1 thrombophilia
marker at 3 and 12 months were observed in 8.1%, with
no difference between sexes (Figure [C]). Figure (D)
depicts thrombosis risk categories at baseline and by 3
and 12 months among the tested patients, with Table
S3 denoting further details. At baseline, 5.2% of patients
were categorized as high thrombosis risk, while 11.1%
and 13.9% of retested patients showed this risk at 3 and
12 months, respectively. In addition, 3.1% showed the
combination of both low and high thrombosis risks, with
no sex difference. Retesting at 3 months was not limited
to patients with abnormal baseline coagulopathy panel
results, and retesting at 12 months was not restricted to
those with abnormal findings on the initial retest. Among
patients with persistent abnormalities, 55.6% were low
risk and 28.9% high risk, compared with 26.2% low risk
and 3.1% high risk in those without persistent abnormali-
ties (Table S4).

Regarding individual thrombophilia markers, homo-
cysteine concentration, factor VIII activity, factor V Leiden
gene mutation, and free protein S antigen most frequently
showed abnormal results at baseline. Notably, retesting
was infrequently performed, particularly for factor VIl
activity and homocysteine concentration. Regarding sex
differences, significantly higher levels of homocysteine
were observed in men. Female patients, in turn, had sig-
nificantly lower levels of antithrombin activity, protein C
activity, and free protein S antigen (Table 2; Figure S2).

Factors Associated With Thrombosis Risk

Patients in the category of any thrombosis risk were older
and more often aged 40 to 49 years and more frequently
of White European ancestry compared with those with
normal thrombophilia test results at baseline. Further-
more, a higher prevalence of history of dyslipidemia,
physical inactivity, history of chronic multisystem disor-
ders, history of VTE, and low levels of HDL-cholesterol
and hemoglobin were found in patients showing any
thrombosis risk (Table 3). Head-to-head comparisons
between thrombosis risk groups showed similar rates
in the low-risk group compared with patients with the
lowest risk (Table Sb). Notably, a family history of stroke,
VTE, or ischemic heart disease was more frequent in
those with high-risk thrombophilia results (96.2%) com-
pared with patients with normal (79.4%) and low-risk
(78.5%) results.
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Table 1. Clinical Characteristics of Young Patients With Cryptogenic Ischemic Stroke, Stratified by Sex (n=556)

May 2026
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Characteristic (n missing) Overall (n=556) Men (n=304) Women (n=252) P value
Demographics
Age, y (0) 41.0 (34.1-45.8) 42.6 (36.3-46.5) 39.7 (30.9-44.5) <0.001
18-39 250 (45.0) 119 (39.1) 131 (52.0) 0.002
40-49 306 (55.0) 185 (60.9) 121 (48.0)
White European race-ethnicity (0) 525 (94.4) 288 (94.7) 237 (94.0) 0.724
Low level of education (1/2) 310 (56.1) 176 (58.1) 134 (53.6) 0.290
PFO
High-risk PFO (11/8) 207 (38.5) 108 (36.9) 99 (40.6) 0.379
Family history
Stroke (50/29) 257 (53.9) 134 (52.8) 123 (55.2) 0.600
Stroke or venous thrombosis (50/29) 295 (61.8) 156 (61.4) 139 (62.3) 0.837
Ischemic heart disease (51/30) 274 (57.7) 139 (54.9) 135 (60.8) 0.196
Any family history (50/29) 384 (80.5) 206 (81.1) 178 (79.8) 0.724
Traditional risk factors
Cardiovascular disease (0) 17 (3.3) 12 (3.9) 5 (2.0) 0.181
Diabetes (0) 20 (3.6) 13 (4.3) 7 (2.8) 0.345
Dyslipidemia (0) 329 (59.2) 212 (69.7) 117 (46.4) <0.001
Hypertension (0) 201 (36.2) 118 (38.8) 83 (32.9) 0.151
Obstructive sleep apnea (3/1) 12 (2.2) 11 (3.7) 1(0.4) 0.009
Abdominal obesity (0/2) 330 (59.6) 222 (73.0) 108 (43.2) <0.001
Current smoking (1/2) 175 (31.6) 108 (35.6) 67 (26.8) 0.026
Heavy alcohol use (1/0) 69 (12.4) 43 (14.2) 26 (10.3) 0.168
Unhealthy diet (1/4) 279 (50.6) 168 (55.4) 111 (44.8) 0.013
Physical inactivity (5/2) 177 (32.2) 93 (31.1) 84 (33.6) 0.533
Psychosocial stress (0/1) 260 (46.8) 133 (43.8) 127 (50.6) 0.108
Depression (0/1) 159 (28.6) 75 (24.7) 84 (33.5) 0.023
No. of traditional risk factors (10/8) 3 (2-4) 3 (2-4) 3(1-4) 0.002
Nontraditional risk factors
History of chronic multisystem disorder (0) 82 (14.7) 32 (10.5) 50 (19.8) 0.002
Inflammatory bowel disease 6(1.1) 2(0.7) 4 (1.6) 0.418
Chronic kidney disease 5(0.9) 2(0.7) 3(1.2) 0.663
Chronic liver disease 7(1.3) 4(1.3) 3(1.2) 1.000
Autoimmune disease 60 (10.8) 21 (6.9) 39 (15.5) 0.001
Hematologic disease or known thrombophilia 11 (2.0) 6 (2.0) 5 (2.0) 0.993
History of venous thromboembolism (1/1) 19 (3.4) 9 (3.0) 10 (4.0) 0.514
History of malignancy (0) 11 (2.0) 7 (2.3) 4(1.6) 0.547
History of migraine with aura (0/1) 216 (38.9) 92 (30.3) 124 (49.4) <0.001
Illicit drug use within the past 12 mo (0) 38 (6.8) 22 (7.2) 16 (6.3) 0.680
No. of nontraditional risk factors (1/2) 1(0-1) 0 (0-1) 1(0-1) <0.001
Female-sex—specific risk factors
Perinatal condition (6) NA NA 36 (14.9)
History of gestational diabetes (0) NA NA 5 (2.0)
History of gestational hypertension (1) NA NA 12 (4.8)
History of eclampsia (6) NA NA 21 (8.5)
Pregnancy or puerperium (0) NA NA 7 (2.8)
Current estrogen use (0) NA NA 68 (27.0)
No. of female-sex—specific risk factors (7)
None NA NA 149 (60.8)
>1 risk factor(s) NA NA 96 (39.2)
(Continued)
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Table 1. Continued
Characteristic (n missing) ‘ Overall (n=556) ‘ Men (n=304) ‘ Women (n=252) ‘ P value
Medication and infections at the time of baseline coagulopathy testing
Antiplatelet (0/5) ‘ 389 (70.6) ‘ 223 (73.4) ‘ 166 (67.2) ‘ 0.115
Anticoagulation (0/5)
Any 55 (10.0) 31(10.2) 24 (9.7) 0.851
LMWH therapeutic dose 48 (8.7) 27 (8.9) 21 (8.5) 0.875
Vitamin K antagonist 5(0.9) 3(1.0) 2(0.8) 1.000
Direct thrombin inhibitor 2(0.4) 1(0.3) 1(0.4) 1.000
Direct factor Xa inhibitor 2(0.4) 2(0.7) 0 0.504
Infection symptoms at time of enrollment (6/4) 35 (6.8) 17 (5.7) 18 (7.3) 0.461

Data are median (interquartile range) or mean (95% ClI) for continuous and n (%) for categorical variables. LMWH indicates low-molecular-weight

heparin; NA, not applicable; and PFO, patent foramen ovale.

In the first logistic regression model adjusted for
demographic variables, both older age (40-49 versus
18-39 years) and White European ethnicity were signifi-
cantly associated with the presence of any thrombophilia
marker abnormality. After adding clinical risk factors in
the second model, the effects of age and race-ethnicity
were no longer statistically significant, whereas dyslipid-
emia, physical inactivity, and a history of VTE were asso-
ciated with any thrombophilia marker abnormality. In the
third model, a history of VTE, low HDL-cholesterol, low
hemoglobin, and physical inactivity remained significantly
associated with any thrombophilia marker abnormality
(Table 4). C statistics and the corresponding receiver
operating characteristic curves showing the area under
the curve for each model appear in Figure S3.

Logistic regression analysis assessing factors associ-
ated with high-risk thrombophilia findings (Table S6) did
not reveal any statistically significant associations with
demographics, comorbidities, and standard laboratory
markers.

Sex-specific models showed a consistent association
between physical inactivity and thrombosis risk (Tables S7
and S8). In addition, in the female-specific model, a history
of VTE was associated with an increased thrombosis risk.

Coagulopathy and PFO

Compared with patients with a high-risk PFO, baseline
routine laboratory findings showed significantly higher
prevalence of low hemoglobin, high platelet count, high
leukocyte count, lower levels of HDL-cholesterol, and
elevated liver enzymes among patients without a high-
risk PFO. Regarding thrombophilia markers, higher lev-
els of free protein S antigen and lower levels of factor
VIl activity were found in patients with a high-risk PFO
(Table S9; Figure S4).

Initiation of Anticoagulation

Patients with abnormal thrombophilia results at baseline
used anticoagulation significantly more frequently at 12

Stroke. 2026;57:1242-1255. DOI: 10.1161/STROKEAHA.125.0563251

months than those without abnormal baseline results
(50% versus 35.7%; P=0.042). Similarly, anticoagulation
at 12 months was more frequent among patients with
persistent abnormalities compared with those without
persistent abnormalities (26.9% versus 6.2%; £<0.001).
Patients receiving anticoagulation had a higher preva-
lence of high-risk thrombophilia compared with those
not receiving anticoagulation (11.5% versus 4.6%;
P=0.031). Changes in anticoagulation initiation from
baseline to 3 and 12 months are illustrated in a Sankey
diagram (Table S10; Figure Sb).

Sensitivity Analysis

To assess the robustness of the associations of the main
regression model, we repeated the same logistic regres-
sion in a subset of patients without missing factor VIII
and homocysteine data, resulting in a reduced sample
size (n=245). In the second model, physical inactivity
was statistically significantly associated with any devia-
tion in the coagulopathy results. The third model showed
a significant association between physical inactivity and
low hemoglobin levels with any abnormal findings in the
thrombophilia panel (Table S11).

DISCUSSION

The main findings of our study were a high overall fre-
quency (37.1%) of abnormalities in the thrombophilia
panel but a relatively low frequency (5.2%) of major
high-risk deviations soon after young-onset CIS. Among
patients undergoing retesting within 1 year of stroke, this
proportion increased to 11.1% at 3 months and 13.9% at
12 months. Notably, only a subset of patients underwent
retesting, that is, 21.6% and 6.5% at 3 and 12 months,
respectively, reflecting the fact that retesting was at the
discretion of the treating physician and local policies. We
identified several clinical factors associated with abnor-
mal thrombophilia findings, including a history of VTE,
physical inactivity, and low levels of HDL-cholesterol
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Table 2. Baseline Results of Standard and Thrombophilia Laboratory Tests Among the Included Young
Patients With Cryptogenic Ischemic Stroke, Stratified by Sex (n=556)

Characteristic (n missing) Overall (h=556) Men (n=304) Women (n=252) P value
Standard laboratory results
CRP level, g/L (26/17) 5 (56-5) 5 (5-5) 5(11.2) 0.220
High (>10 g/L) 24 (4.7) 10 (3.6) 14 (6.0) 0.207
Hemoglobin, g/L (1/2) 141.8 (16.9) 149.3 (15.1) 132.7 (14.3) <0.001
Low (men <134 g/L; women <117 g/L) 47 (8.5) 23 (7.6) 24 (9.6) 0.399
Platelet count, E9/L (21/16) 253.8 (65.9) 243.8 (60.5) 265.9 (70.1) <0.001
High (>360 E9/L) 33 (6.4) 11 (3.9) 22 (9.3) 0.012
Leukocyte count, E9/L (9/10) 8.2 (2.8) 8.1 (2.7) 8.2 (2.8) 0.564
High (> 8.2 E9/L) 224 (41.7) 122 (41.4) 102 (42.1) 0.853
Total cholesterol, mmol/L (4/3) 4.6 (1.0) 4.7 (1.0) 4.5 (0.9) 0.007
High (>5.0 mmol/L) 194 (35.3) 115 (38.3) 79 (81.7) 0.107
LDL-cholesterol, mmol/L (3/4) 3.0 (0.9) 3.2(1.0 2.8 (0.9) <0.001
High (=3.0 mmol/L) 274 (49.9) 173 (57.5) 101 (40.7) <0.001
HDL-cholesterol, mmol/L (4/4) 1.3 (0.4) 1.2 (0.3) 1.4 (0.4) <0.001
Low HDL-cholesterol (<0.9 mmol/L) 56 (10.2) 47 (15.7) 9 (3.6) <0.001
Triglycerides, mmol/L (3/3) 1.4 (0.9) 1.5 (1.0) 1.2 (0.6) <0.001
High (2.0 mmol/L) 67 (12.2) 48 (15.9) 19 (7.6) 0.003
ALAT, U/L (40/28) 21.0 (15.0-31.8) 26.0 (19.3-36.8) 17.0 (13.0-22.8) <0.001
High (men >50 U/L; women >35 U/L) 57 (11.7) 35 (18.3) 22 (9.8) 0.239
GGT, U/L (55/60) 21.0 (14.0-35.0) 27.0 (19.0-41.5) 15.0 (12.0-22.8) <0.001
High (men >60 U/L; women >40 U/L) 51(11.6) 32 (12.9) 19 (9.9) 0.336
Creatinine, umol/L (4/4) 73.7 (16.3) 81.7 (14.2) 64.0 (13.0) <0.001
Glucose, mmol/L (24/27) 6.1 (1.9) 6.3 (2.0) 5.8 (1.7) 0.008
INR (38/32) 1.0 (1.0-1.1) 1.0 (1.0-1.1) 1.0 (1.0-1.1) 0.050
Gilobal coagulation tests
Prothrombin time, % (100/75) 88.9 (24.3) 91.9 (21.4) 85.6 (26.9) 0.013
Short (<70%) 44 (11.7) 17 (8.3) 27 (15.3) 0.108
Thrombin clotting time, s (117/109) 19.7 (10.3) 19.8 (11.2) 19.6 (9.1) 0.855
Short (<16 s) 41 (12.4) 21 (11.2) 20 (14.0) 0.558
Inherited thrombophilia markers
Antithrombin activity, % (18/19) 103.3 (12.5) 104.7 (12.9) 101.6 (11.9) 0.005
Antithrombin activity risk category 0.087
Normal (>80%) 504 (97.1) 281 (98.3) 223 (95.7)
Low risk (60%—-79%) 14 (2.7) 4 (1.4) 10 (4.3)
High risk (<60%) 1(0.2) 1(0.3) 0
Protein C activity, % (13/13) 112.0 (23.0) 114.4 (22.8) 109.1 (22.9) 0.008
Protein C activity risk category 0.036
Normal (>70%) 520 (98.1) 289 (99.3) 231 (96.7)
Low risk (60—69%) 5 (0.9) 0 5(0.9)
High risk (<60%) 5 (0.9) 2(0.7) 3(1.3)
Free protein S antigen, % (15/16) 101.0 (26.7) 109.2 (27.4) 91.0 (22.1) <0.001
Free protein S antigen risk category 0.585
Normal (men >70%, women >56%) 506 (96.4) 279 (96.5) 227 (96.2)
Low risk (males 40-70%, females 40-56%) 15 (2.9) 7 (2.4) 8 (3.4)
High risk (<40%) 4 (0.8) 3(1.0) 1(0.4)
Factor Il 20210 gene mutation (26/35) 0.174
Wild type (normal) 490 (99.0) 277 (99.6) 213 (98.2)
(Continued)
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Table 2. Continued
Characteristic (n missing) Overall (h=556) Men (n=304) Women (n=252) P value

Heterozygous (low risk) 5(1.0) 1(0.4) 4 (1.8) o
Homozygous (high risk) 0 0 0 E

Factor V Leiden gene mutation (24/34) 0.514 (=
Wild type (normal) 480 (96.4) 270 (96.4) 210 (96.3) «
Heterozygous (low risk) 17 (3.4) 10 (3.6) 7 (3.2)
Homozygous (high risk) 1(0.2) 0 1(0.5)

Factor VIII activity, % (134/135) 133.8 (54.0) 132.1 (55.7) 136.3 (51.6) 0.519

Factor VIII activity risk category 0.325
Normal (70%-149%) 196 (71.5) 121 (74.7) 75 (67.0)
Low risk (150%—189%) 46 (16.8) 23 (14.2) 23 (20.5)
High risk (>190%) 32 (11.7) 18 (11.1) 14 (12.5)

Homocysteine concentration, pmol/L (64/63) 11.7 (6.1) 12.5 (6.9) 10.7 (4.7) <0.001
Normal (0-15 pmol/L) 360 (83.9) 195 (81.3) 165 (87.3) 0.090
Low risk (16-100 pmol/L) 69 (16.1) 45 (18.8) 24 (12.7)
High risk (>100 pmol/L) 0 0 0

Acquired thrombophilia markers

Anticardiolipin antibodies (9/10) 0.364
Negative, normal (<10 U/mL) 510 (95.0) 279 (94.6) 231 (95.5)
Weakly positive, low risk (10-40 U/mL) 21 (8.9) 11 (3.7) 10 (4.1)
Positive, high risk (>40 U/mL) 6 (1.1) 5(1.7) 1(0.4)

Anti-B2-glycoprotein antibodies (14/12) 0.981
Negative, normal (<10 U/mL) 517 (97.5) 283 (97.6) 234 (97.5)
Weakly positive, low risk (10-40 U/mL) 9(1.7) 5(1.7) 4(1.7)
Positive, high risk (>40 U/mL) 4(0.8) 2 (0.7) 2 (0.8)

Lupus anticoagulant (13/7) 0.551
Negative, normal 523 (97.6) 285 (97.9) 238 (97.1)
Positive, high risk 13 (2.4) 6 (2.1) 7 (2.9)

Positive antiphospholipids (0) 43 (7.7) 26 (8.6) 17 (6.7) 0.427
Single 36 (6.5) 23 (7.6) 13 (5.2) 0.251
Double 4 (0.7) 3(1.0) 1(0.4) 0.117
Triple 3(05) 0 3(1.2)

Data are median (interquartile range) or mean (95% Cl) for continuous and n (%) for categorical variables. Positive antiphospholipids,
anticardiolipin, anti-B2-glycoprotein antibodies, and lupus anticoagulant. ALAT indicates alanine aminotransferase; CRP, C-reactive protein;
GGT, gamma-glutamyl transferase; HDL, high-density lipoprotein; INR, international normalized ratio; LDL, low-density lipoprotein; and NA,

not applicable.

or hemoglobin. Interestingly, we found no indication of
more pronounced coagulopathy among patients with a
high-risk PFO. Importantly, abnormal results at baseline
or later time points appeared to affect anticoagulation
initiation within 12 months of stroke, reflecting the clini-
cal importance of coagulopathy screening in the young
CIS population.

Our findings align with previous studies that identify
thrombophilia as a relevant factor in young stroke pop-
ulations.?? The associations with physical inactivity and
prior VTE also align with existing evidence as contribu-
tors to prothrombotic states®'%?3 Several clinical factors,
namely, increasing age, history of VTE, physical inactivity,
low hemoglobin, and low HDL-cholesterol, were inde-
pendently associated with abnormal coagulopathy panel

Stroke. 2026;57:1242-1255. DOI: 10.1161/STROKEAHA.125.0563251

results in our study. These associations may reflect a
convergence of prothrombotic and inflammatory path-
ways, forming a systemic thromboinflammatory milieu.
Aging is known to be associated with a procoagulant
shift in hemostasis, including increased levels of clot-
ting factors and reduced fibrinolytic activity.>* A history of
VTE is an expected correlate, as it may reflect underlying
acquired or genetic thrombophilia, particularly at a young
age®'° Physical inactivity may promote hypercoagula-
bility via endothelial dysfunction, low-grade inflamma-
tion, and decreased fibrinolytic activity.?® The association
of low hemoglobin may indicate underlying comorbid
conditions, such as anemia-induced hypercoagulability,
chronic inflammation, occult malignancy, or an undiag-
nosed autoimmune condition that can affect coagulation

May 2026 1249

NOILYINdOd ANY TYIINITD



CLINICAL AND POPULATION

920z ‘Gz aunt uo Aq Bio'sfeulnofeye//:dny wouy papeojumoq

SCIENCES

Abels et al

Thrombophilia in Young Cryptogenic Stroke

A
Thrombophilia marker Test not performed (n) Proportion missing
Anticardiolipin antibodies 19 3.4%
Lupus anticoagulant 20 3.6%
Protein C activity 26 4.7%
Anti-B2-glycoprotein antibodies 26 4.7%
Free protein S antigen activity 31 5.6%
Antithrombin activity 37 6.7%
Factor V Leiden gene mutation 58 10.4%
Factor I 20210 gene mutation 61 11.0%
Homocysteine concentration 128 23.0%
Factor VIIl activity 269 o asa%
B = Men
100%
300 = \Women
250
K]
5]
= 200
Q
2 150
(9]
o
5
3 100
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50
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0 Figure. Descriptive analysis of
Baseline 3 Months 12 Months continuous thrombophilia markers at
baseline, stratified by sex (n=556).
C = Men A, Thrombophilia markers not tested. B,
120 38.2% =Women Screening performance. C, Any abnormality
in the thrombophilia panel. D, Clinical
thrombosis risk (%).
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profiles.®2?" Low HDL-cholesterol has been linked to
endothelial dysfunction and impaired antithrombotic
capacity.’® In summary, these factors may contribute
to a systemic environment favoring coagulation activa-
tion although their mechanisms may not all be identical.
Some likely act synergistically, while others may reflect
distinct biological processes that are captured by the
same coagulopathy markers. In addition, baseline testing

1260 May 2026

may be influenced by acute-phase reactions, potentially
affecting thrombophilia markers when samples were
taken shortly after the onset of stroke.

In our study, the discrepancy between baseline and
repeated thrombophilia testing suggests selective
retesting rather than a true shift in thrombosis risk.
In comparison to other cohorts, including nonselected
young ischemic patients with stroke, we reported higher
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Table 3. Comparison of Clinical Characteristics Between Patients With Lowest Thrombosis Risk
(All Results Within the Normal Range) and Low or High Thrombosis Risk (at Least 1 Low-Risk
Result or at Least 1 High-Risk Result but the Absence of the Combination of Both Low- and
High-Risk Results; n=556)

Thrombosis risk category
Characteristic (n missing) Lowest risk (n=349) Low or high risk (n=207) | P value
Demographics
Age, y (0) 40.2 (33.3-45.2) 42.2 (36.5-47.0) 0.004
18-39 171 (49.0) 79 (38.2) 0.013
40-49 178 (51.0) 128 (61.8)
Male sex (0) 187 (53.6) 117 (56.5) 0.501
White European race-ethnic group (0) 336 (96.3) 189 (91.3) 0.014
Low level of education (1/2) 195 (56.0) 115 (56.1) 0.988
PFO (12/7)
High-risk PFO 131 (38.9) 76 (38.0) 0.841
Family history
Stroke (34/45) 165 (52.4) 92 (56.8) 0.360
Stroke or venous thrombosis (34/45) 190 (60.3) 105 (64.8) 0.338
Ischemic heart disease (36/45) 175 (55.9) 99 (61.1) 0.277
Any family history (34/45) 250 (79.4) 134 (82.7) 0.382
Traditional risk factors
Cardiovascular disease (0) 8 (2.3) 9 (4.3) 0.174
Diabetes (0) 9 (2.6) 11 (5.3) 0.094
Dyslipidemia (0) 197 (56.4) 132 (63.8) 0.090
Hypertension (0) 121 (34.7) 80 (38.6) 0.345
Obstructive sleep apnea (3/1) 11 (3.2) 1 (0.5) 0.036
Abdominal obesity (0/2) 214 (61.3) 116 (56.6) 0.273
Current smoking (2/1) 114 (32.9) 61 (29.6) 0.428
Heavy alcohol use (0/1) 46 (13.2) 23 (11.2) 0.487
Unhealthy diet (3/2) 176 (50.9) 103 (50.2) 0.888
Physical inactivity (6/1) 89 (25.9) 88 (42.7) <0.001
Psychosocial stress (1/0) 172 (49.4) 88 (42.5) 0.144
Depression (1/0) 102 (29.3) 57 (27.5) 0.655
No. of traditional risk factors (12/6) 3 (2-4) 3 (2-4) 0.469

Nontraditional risk factors

History of chronic multisystem disorder (0) 43 (12.3) 39 (18.8) 0.036
History of venous thromboembolism (2/0) 7 (2.0) 12 (5.8) 0.018
History of malignancy (0) 5(1.4) 6 (2.9) 0.230
History of migraine with aura (1/0) 142 (40.8) 74 (35.7) 0.237
lllicit drug use within the past 12 mo (0) 26 (7.4) 12 (5.8) 0.455
No. of nontraditional risk factors (2/0) 1(0-1) 1(0-1) 0.640

Female-sex—specific risk factors

Perinatal condition (6) 22 (13.9) 14 (15.9) 0.673
Current estrogen use (0) 43 (26.5) 25 (27.8) 0.832
No. of female-sex—specific risk factors (7) 0.865
None 96 (61.9) 52 (59.1)
>1 risk factor(s) 59 (38.1) 36 (40.9)

Medication and infections at the time of baseline coagulopathy testing

Antiplatelet (4/1) 242 (70.1) 147 (71.4) 0.762
Anticoagulation (4/1) 41 (11.9) 14 (6.8) 0.054
(Continued)
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Thrombosis risk category
Characteristic (n missing) Lowest risk (n=349) Low or high risk (h=207) | P value
Infection symptoms at time of enrollment (7/3) 18 (5.3) 17 (8.3) 0.157
NIHSS score
Admission NIHSS score (1/1) 1 (0-4) 2 (0-4) 0.777
NIHSS score categories (1/1) 0.929
NIHSS score, 0 87 (25.0) 55 (26.7)
NIHSS score, 1-4 176 (50.6) 102 (49.5)
NIHSS score, 5-9 50 (14.4) 31 (15.0)
NIHSS score 210 35 (10.1) 18 (8.7)
Routine laboratory results
CRP level, g/L (18/25) 5 (5-11) 5 (5-5) 0.542
High (>10 g/L) 17 (5.1) 7 (3.8) 0.508
Hemoglobin, g/L (1/2) 142.9 (14.8) 139.9 (19.9) 0.056
Low (men <134 g/L; women <117 g/L) 22 (6.3) 25 (12.2) 0.017
Platelet count, E9/L (22/15) 255.1 (61.8) 251.7 (72.4) 0.592
High (>360 E9/L) 18 (5.5) 15 (7.8) 0.298
Leukocyte count, E9/L (13/6) 8.2 (2.7) 8.1 (2.9) 0.919
High (> 8.2 E9/L) 140 (41.7) 84 (41.8) 0.977
Total cholesterol, mmol/L (3/4) 4.6 (1.0) 4.7 (1.1) 0.283
High (>5.0 mmol/L) 116 (33.5) 78 (38.4) 0.246
LDL-cholesterol, mmol/L (3/4) 3.0 (0.9) 3.0 (1.0) 0.344
High (=83.0 mmol/L) 167 (48.3) 107 (52.7) 0.315
HDL-cholesterol, mmol/L (5/3) 1.3 (0.4) 1.3 (0.4) 0.446
Low HDL-cholesterol (<0.9 mmol/L) 27 (7.8) 29 (14.2) 0.017
Triglycerides, mmol/L (3/3) 1.3(0.7) 1.4 (1.1) 0.120
High (>2.0 mmol/L) 40 (11.6) 27 (18.2) 0.562
ALAT, U/L (33/35) 22 (15-32) 21 (15-31) 0.703
High (men >50 U/L; women >35 U/L) 39 (12.3) 18 (10.5) 0.537
GGT, U/L (85/30) 20 (14-32.8) 22 (14-39) 0.096
High (men >60 U/L; women >40 U/L) 27 (10.2) 24 (13.6) 0.283
Creatinine, pmol/L (5/3) 73.1 (16.3) 74.8 (16.1) 0.237
Glucose, mmol/L (37/14) 6.1 (1.9) 6.1 (1.9) 0.661
INR (43/27) 1(1-1.1) 1(1-1.1) 0.179
Global coagulation tests
Prothrombin time, % (96/79) 87.8 (22.3) 91.2 (27.8) 0.229
Short (<70%) 27 (10.7) 17 (13.3) 0.452
Thrombin clotting time, s (159/67) 20.2 (11.1) 19.1 (9.1) 0.306
Short (<16 s) 20 (10.5) 21 (15.0) 0.223

Data are median (interquartile range) or mean (95% ClI) for continuous and n (%) for categorical variables. ALAT indicates
alanine aminotransferase; CRPF, C-reactive protein; GGT, gamma-glutamyl transferase; HDL, high-density lipoprotein; INR, interna-
tional normalized ratio; LDL, low-density lipoprotein; NIHSS, National Institutes of Health Stroke Scale; and PFO, patent foramen

ovale.

numbers of elevated antiphospholipid and homocyste-
ine levels, and a lower frequency of abnormalities in
factor V Leiden mutation and antithrombin activity.28-3°
Notably, laboratory data were collected from base-
line in those studies, with retesting reported in only 1
study, and only performed when initial testing revealed
abnormalities.?®

1262  May 2026

Several sex differences were observed in the laboratory
parameters, which are consistent with known sex-related
variations in hematologic and metabolic parameters. Men
exhibited higher levels of atherogenic lipids, homocyste-
ine, and liver enzymes. In contrast, women showed lower
hemoglobin levels, higher platelet counts, and lower levels
of antithrombin activity, protein C activity, and free protein
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Table 4. ORs and 95% Cls From Multivariable Logistic Regression Models for Primary Outcome Measure, Any Abnormal

Findings in the Thrombophilia Panel

Model 2: adjusted
demographics

Model 3: adjusted
demographics and clinical

Model 4: adjusted for
demographics, clinical

Model 1: unadjusted (age, sex, and race) risk factors factors, and laboratory values
Predictor OR (95% CI) P value | OR (95% CI) P value | OR (95% CI) P value | OR (95% CI) P value
Age (40-49 vs 18-39y) 1.56 (1.10-2.21) | 0.013 1.08 (1.01-1.05) | 0.007 1.08 (1.00-1.05) | 0.025 1.42 (0.99-2.05) 0.061

Race (white European vs other) 0.41 (0.20-0.85) | 0.016

2.49 (1.19-5.28) | 0.016

2.12 (1.00-4.51) | 0.051

History of venous 2.99 (1.16-7.72) | 0.024

thromboembolism

3.35(1.27-8.81) | 0.014 3.02 (1.11-8.22) 0.031

Physical inactivity 2.13 (1.48-3.07) | <0.001

1.95 (1.34-2.84) | 0.001 1.97 (1.34-2.89) 0.001

(<0.9 mmol/L)

Low hemoglobin 2.06 (1.13-3.75) | 0.019 1.99 (1.05-3.75) | 0.034
(M<134 g/L, F<117 g/L)
Low HDL-cholesterol 1.95 (1.12-3.39) | 0.019 1.84 (1.03-3.28) | 0.039

C statistic for Model 2 was 0.575, 0.638 for Model 3, and 0.653 for Model 4. Data are in OR and 95% Cl. Variables were retained based on backward stepwise selec-
tion (likelihood ratio), with a significance level for removal set at P>0.10. HDL indicates high-density lipoprotein; and OR, odds ratio.

S antigen. These differences may suggest sex-specific
pathogenetic thrombosis mechanisms of CIS.

Although findings in the literature are conflicting, with
some studies supporting and others questioning the
hypothesized mechanism of paradoxical embolism in PFO
and the low prevalence of traditional stroke risk factors
among patients with CIS with PFO#%%32 we anticipated
a higher prevalence of thrombophilia marker abnormali-
ties in patients with a high-risk PFO.% On the contrary,
standard markers associated with increased thrombosis
risk were more prevalent among patients without a PFO.
These findings suggest that if inherited or acquired throm-
bophilia contributes to PFO-associated strokes, it may not
be detectable through routinely used thrombophilia panels.

In our study, initial thrombophilia testing and retesting
appeared to affect treatment decisions, as anticoagula-
tion was initiated more frequently in patients with baseline
and persistent abnormal thrombophilia results. Based on
our and others' observations, targeted retesting focusing
on specific thrombophilia markers rather than performing
a full thrombophilia panel may reduce health care costs.'
However, the cost-effectiveness of this strategy should
be further investigated in different health care settings.3*

Key strengths of our study include its multicenter
nature involving 19 European centers across 13 coun-
tries, which enhances its generalizability across diverse
health care systems. Comprehensive thrombophilia
testing strengthens the validity of the findings although
there was variation between the centers with regard to
composition of the coagulopathy panels. Furthermore,
sensitivity analysis showed that associations between
physical inactivity, history of VTE, low hemoglobin and
HDL-cholesterol level, and abnormal thrombophilia find-
ings remained robust after excluding patients with miss-
ing factor VIII and homocysteine values.

There are also some limitations to this study. The still
relatively limited number of patients across 19 cen-
ters, together with the predominance of White European

Stroke. 2026;57:1242-1255. DOI: 10.1161/STROKEAHA.125.0563251

participants (94.4%), may limit the statistical power and
generalizability of the results to other ethnic groups. While
all patients included in our study underwent baseline
thrombophilia testing and the protocol instructed on throm-
bophilia testing, there remained heterogeneity in the base-
line testing across the sites. Carrying out retesting was at
the discretion of local physicians, which introduces hetero-
geneity in the assessment of retesting results. In addition,
6.8% of the patients with abnormal thrombophilia results
were anticoagulated at the time of baseline testing, which
may have affected the results and interpretation of some
markers. Although we adjusted for multiple confounders
in regression analyses, residual confounding cannot be
entirely excluded. Furthermore, missing data and differ-
ences in estrogen levels, including prior use of estrogen,
may have influenced our findings. Last, our study focused
on the prevalence and classification of thrombophilia
abnormalities in young patients with stroke. Besides anti-
coagulation initiation, no other clinical outcomes, such as
stroke recurrence or functional status, were investigated.
Future studies should build on our findings by exploring, for
example, potential hormonal impacts and prognostic and
therapeutic implications of thrombophilia screening, which
may enhance risk stratification in this patient group and
define the optimal role of screening in clinical practice.

CONCLUSIONS

Deviations in the thrombophilia panel appeared in over one-
third of young patients with CIS although high-risk abnor-
malities were uncommon (5.2%). Targeted thrombophilia
screening may be most relevant in patients with a history
of VTE, physical inactivity, anemia, or low HDL-cholesterol.
Systematic retesting appears necessary to capture persis-
tent abnormalities. Current thrombophilia panels, largely
based on VTE research, may not fully capture the spectrum
of prothrombotic states in young-onset CIS, warranting fur-
ther investigation into novel risk markers.
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