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represents a crucial area of research due to its

substantial clinical burden and increasing inci-
dence.! Hypertension stands as the most prevalent
well-documented stroke risk factor. However, there
are limited and conflicting data on the prevalence of
hypertension and associations of hypertension with
ischemic stroke in young patients with cryptogenic
pathogenesis.?3 Although patent foramen ovale (PFO)
is an important phenotypic feature of CIS, the associa-
tion of hypertension in patients with CIS with or without
PFO has not been specifically addressed in previous
studies. These studies may have mixed PFO cases
between cardioembolic and undetermined pathoge-
netic subgroups. Young patients with CIS and PFO are
less likely to have hypertension and other traditional
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risk factors, and most recent evidence suggests that
specific high-risk features of PFO (atrial septal aneu-
rysm or a large-sized shunt) substantially increase the
causality of PFO.* We determined the sex- and age-
specific prevalence and association of hypertension
in early-onset CIS stratified by the high-risk PFO (HR-
PFO) phenotype.

We included 523 consecutive young patients aged
18 to 49years with CIS (median age, 40.8 [interquartile
range, 34.1-45.8]; 47.2% women) from the Searching for
Explanations for Cryptogenic Stroke in the Young study
and 1:1 age- and sex-matched stroke-free controls
across 19 European centers. Data on HR-PFO were
unavailable for 23 of the initial 546 patients because
shunt size was not reported due to various reasons,
such as poor visibility and technical difficulties. Ethical
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approval was obtained from local committees and writ-
ten informed consent from all participants. The data
that support the findings of this study are available from
the corresponding author upon reasonable request.
Patients underwent standardized pathogenetic exam-
inations as detailed before.? Hypertension was defined
as a prior diagnosis, prior antinypertensive medication
use, or a mean of 2 office blood pressure measures
>140/90 at study visit (median 6days from stroke onset
in patients). Comorbidities included cardiovascular dis-
ease, diabetes, hypercholesterolemia, current smoking,
abdominal obesity, physical inactivity, unhealthy diet,
heavy alcohol use, psychosocial stress, and depres-
sion. HR-PFO in patients with CIS was assessed by
local investigators and defined as PFO with atrial septal

Hypertension and PFO in Cryptogenic Stroke

aneurysm or PFO with a large-sized right-to-left shunt
(>25 microbubbles crossing the atrial septum), identified
through transthoracic or transesophageal echocardio-
gram, often supported by transcranial Doppler bubble
test. In patients with CIS, we assessed the association
of hypertension with the absence of HR-PFO with logis-
tic regression, adjusting for demographics and all other
comorbidities. Using all stroke-free controls, we con-
structed logistic regression models to assess the asso-
ciation of hypertension with (1) CIS without HR-PFO and
(2) CIS with HR-PFO, stratifying by sex and age group
(18-39 and 40-49years). We also tested for sex and
age interactions. Adjustments included demograph-
ics alone, demographics with standardized modifiable
stroke risk factors (cardiovascular disease, diabetes,

A Subgroup N % (95% CI) B

Overall '

Patients without HR-PFO 327 w —-— 41.3 (35.9-46.6)

Patients with HR-PFO 196 w o= 24.0 (18.0-30.0)

Controls 542 | - 26.8 (23.0-30.5)
Women ‘

Patients without HR—-PFO 149 ‘ —— 36.9 (29.2-44.7)

Patients with HR-PFO 98 : == 25.5(16.9-34.1)

Controls 255 | - 20.8 (15.8-25.8)
Men :

Patients without HR-PFO 178 | —— 44.9 (37.6-52.3)

Patients with HR-PFO 98 ‘ —— 22.4 (14.2-30.7)

Controls 287 | . 32.1 (26.7-37.5)
Age 18-39 y :

Patients without HR-PFO 145 ‘ —— 26.2 (19.0-33.4)

Patients with HR-PFO 95 ‘ e 20.0 (12.0-28.0)

Controls 248 : —-— 19.0 (14.1-23.8)
Age 40-49y ‘

Patients without HR-PFO 182 | —— 53.3 (46.0-60.5)

Patients with HR-PFO 101 : —— 27.7 (19.0-36.5)

Controls 294 ! - 33.3 (27.9-38.7)
Women 18-39 y :

Patients without HR-PFO 71 w —— 25.4 (15.2-35.5)

Patients with HR-PFO 56 1 —C— 19.6 (9.2-30.0)

Controls 131 | = 12.2 (6.6-17.8)
Women 40-49 y :

Patients without HR-PFO 78 ‘ —— 47.4 (36.4-58.5)

Patients with HR-PFO 42 | —=— 33.3 (19.1-47.6)

Controls 124 1 —— 29.8 (21.8-37.9)
Men 18-39 y

Patients without HR-PFO 74 ‘ —— 27.0 (16.9-37.1)

Patients with HR-PFO 39 | —=— 20.5(7.8-33.2)

Controls 17 1 —— 26.5 (18.5-34.5)
Men 40-49 y :

Patients without HR-PFO 104 ! —— 57.7 (48.2-67.2)

Patients with HR-PFO 59 1 =" 23.7 (12.9-34.6)

Controls 124 1 —— 29.8 (21.8-37.9)

0 25 5‘0 75 100
%

* Cardiovascular disease, diabetes, and hypercholesterolemia excluded due to 05 1 2 34
low frequency. T Cardiovascular disease excluded due to low frequency. -

Subgroup N OR (95% Cl)
PATIENTS WITHOUT HR-PFO VS CONTROLS
Overall '
Model 1: Demographics 864 _ — 1.87 (1.37-2.56)
Model 2: Demographics + SSRFs 858 — 1.86 (1.34-2.57)
Model 3: Demographics + all risk factors 835 |—— 1.55 (1.10-2.19)
Women
Model 1: Demographics 402 e 241 91(1:3523156)
Model 2: Demographics + SSRFs* 400 —=—— 2.12(1.30-3.46)
Model 3: Demographics + all risk factors* 390 ~—-— 1.59 (0.94-2.69)
Men
Model 1: Demographics 462 = 1.67 (1.10-2.52)
Model 2: Demographics + SSRFs 458 —— 1.74 (1.12-2.68)
Model 3: Demographics + all risk factors 445 e 1.54 (0.97-2.43)
Age 18-39 years
Model 1: Demographics 389 *—-— 1.54 (0.92-2.58)
Model 2: Demographics + SSRFs 385 —-— 1.65 (0.97-2.80)
Model 3: Demographics + all risk factors 372 —v—-— 1.27 (0.72-2.26)
Age 40-49 years
Model 1: Demographics 474 i —=— 2.07(1.39-3.09)
Model 2: Demographics + SSRFs 472 —=——  1.94(1.28-2.95)
Model 3: Demographics + all risk factors 462 — 1.67 (1.07-2.61)

PATIENTS WITH HR-PFO VS CONTROLS

Overall :
Model 1: Demographics 735 + 0.83 (0.56-1.23)
Model 2: Demographics + SSRFst 730 — 0.80 (0.53-1.19)
Model 3: Demographics + all risk factorst 713 —-—L 0.74 (0.49-1.11)
Women
Model 1: Demographics 352 R 1.34 (0.76-2.35)
Model 2: Demographics + SSRFs* 351 ——-— 1.24 (0.69-2.20)
Model 3: Demographics + all risk factors* 342 ‘,.7 1.08 (0.59-1.98)
Men _
Model 1: Demographics R ——— 0.56 (0.32-0.97)
Model 2: Demographics + SSRFst 380 e 0.58 (0.33-1.00)
Model 3: Demographics + all risk factorst 372 —-7 0.54 (0.30-0.97)
Age 18-39 years
Model 1: Demographics 339 —-7 1.03 (0.56-1.92)
Model 2: Demographics + SSRFs* 338 — 0.97 (0.52-1.81)
Model 3: Demographics + all risk factors* 327 —-7 0.86 (0.44-1.67)
Age 40-49 years |
Model 1: Demographics 395 —-+ 0.73 (0.44-1.20)
Model 2: Demographics + SSRFst 394 —-—— 0.71 (0.42-1.19)

Model 3: Demographics + all risk factorst 387 0.68 (0.40-1.15)

Log OR

Figure. Frequencies of hypertension in the study population and multivariable analysis of the association between

hypertension and early-onset cryptogenic ischemic stroke.

A, Frequencies and 95% Cls of hypertension in patients with cryptogenic ischemic stroke without high-risk patent foramen ovale
(HR-PFO), patients with HR-PFO, and stroke-free controls, shown for the overall cohort and by demographic subgroups. B, Odds
ratios (ORs) with 95% Cls for the association of hypertension with cryptogenic ischemic stroke in the overall cohort, women, men,
those aged 18 to 39years, and those aged 40 to 49years, stratified by the presence of HR-PFO in patients. Model 1 is adjusted for
demographics (age, sex, and level of education). Model 2 is adjusted for demographics and standardized stroke risk factors (SSRFs)
including cardiovascular disease, diabetes, hypercholesterolemia, and current smoking, when frequency allowed. Model 3 was further
adjusted for abdominal obesity, physical inactivity, unhealthy diet, heavy alcohol use, psychosocial stress, and depression.
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hypercholesterolemia, and current smoking), and de-
mographics with all comorbidities. Statistical analyses
used IBM SPSS Statistics 29.0 and R (R Core Team
2023).

Compared with patients with CIS without hyperten-
sion (=359 [65.2%]), patients with hypertension (n=182
[34.8%)) were older (43.8 versus 39.2years), and more
frequently had cardiovascular disease (4.4% versus
1.2%), diabetes (4.9% versus 1.8%), hypercholesterol-
emia (5.5% versus 0.6%), abdominal obesity (79.1 versus
48.7%), and low physical activity (34.6% versus 26.0%),
and more often they reported psychosocial stress
(571% versus 45.3%). Patients with hypertension less
frequently had HR-PFO (25.8% versus 43.7%). Among
patients with CIS, hypertension was associated with ab-
sence of HR-PFO (odds ratio, 2.11 [95% Cl, 1.36-3.27]).

Compared with all stroke-free controls (n=542), pa-
tients without HR-PFO (n=327 [62.5%)]) more frequently
had hypertension in the overall cohort, across sexes,
and in the older age group overall and in men. Among
women in both age groups, there was a trend of higher
hypertension prevalence in patients without HR-PFO,
although the confidence intervals overlapped. No sig-
nificant differences emerged between patients with
HR-PFO (h=196) and controls (Figure [A]).

In multivariable case—control analyses, hypertension
showed a significant association for CIS without HR-
PFO across all models in the overall cohort, whereas
no association emerged for CIS with HR-PFO. The
strength of the association between hypertension and
CIS without HR-PFO tended to diminish when behav-
ioral risk factors were included in the models. In sex-
specific analyses, we initially observed an association
between hypertension and CIS with HR-PFO with less
stringent adjustment, which did not persist after full
adjustment, with no interaction by sex (P=0.545). Age-
specific models adjusted for all relevant confounders
showed association for CIS without HR-PFO specifi-
cally among individuals aged 40 to 49years (Figure [B]),
with no formal interaction observed by age (P=0.469).

The main findings of this study were that hyperten-
sion was highly prevalent in patients with early-onset
CIS without PFO across sexes and with age, and that
the independent association between hypertension
and CIS considered only the patients without HR-PFO
but not those with HR-PFO, a phenotype most likely
connected to CIS through paradoxical embolism. The
overall prevalence of hypertension in our patients with
CIS without HR-PFO aligns with the range reported in
larger series of unselected young patients with isch-
emic stroke.?® In contrast, those with HR-PFO exhib-
ited a prevalence below the range reported, but aligning
(that shown) in pooled data set results of all-aged pa-
tients with PFO from randomized trials.* Hypertension
was independently associated with CIS without HR-
PFO, without interaction for age and sex, although in

J Am Heart Assoc. 2024;13:e036254. DOI: 10.1161/JAHA.124.036254

Hypertension and PFO in Cryptogenic Stroke

demographic subgroups our power to show significant
differences was limited. However, our results expand
previous case—control studies involving unselected
young patients with ischemic stroke, which indicated a
stronger association between hypertension and age.?3
Hypertension probably contributes to early-onset CIS
(assuming most events are not related to atherosclerotic
disease) in patients without HR-PFO through various
cardiac and arterial mechanisms, including left ven-
tricular hypertrophy, left atrial stiffness, vulnerability to
paroxysmal atrial fibrillation, endothelial dysfunction, re-
duced fibrinolytic capacity, and cerebral hemodynamic
alterations. The attenuation of the association’s strength
following further adjustments in our models may indi-
cate that behavioral risk factors beyond smoking signifi-
cantly contribute to early-onset CIS, potentially through
processes involved in the development of hypertension.

The most notable strengths of our study are the
relatively large sample of prospectively and consecu-
tively identified young patients with CIS, detailed char-
acterization of participants, and extensive adjustment
for relevant confounders. Limitations include restricted
sample size for subgroup analyses and those inher-
ent to case—control studies, such as possible selection
bias with controls. However, the prevalence of comor-
bidities, including hypertension among control sub-
jects, is in line with contemporary estimates.
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