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Abstract

Background and aims: The aim of the present study was to assess the risk factor burden and stroke etiology of young
stroke patients in Estonia and to compare the results with similar cohorts from other countries.
Methods: This study includes ischemic stroke patients aged 18–54 years from the prospective Estonian Young Stroke
Registry between 2013 and 2020. All patients were managed in a stroke unit following a prespecified detailed protocol.
Data on stroke risk factors, etiology, and stroke severity were analyzed.
Results: A total of 437 patients (mean age 44.7 ± 8.3 years; 62% males) were included in the registry during the 8-year
study period. A total of 50.2% of patients had ≥ 3 well-documented risk factors (higher for men: odds ratio (OR) 3.8; 95%
cardiac index confidence interval (CI) 1.8–8.3; p < .001) and 6.2% of patients had ≥ 3 less well-documented risk factors.
While 42% of patients had undetermined cause of stroke (34% of them cryptogenic), the second most frequent etiologies
were large-artery atherosclerosis and cardioembolism (both 19%). 60 percent of cardioembolic strokes were due to high-
risk causes. Large-artery atherosclerosis was more prevalent in men (OR 1.8; 95% CI 1–3.3; p = .05) and among older
patients (OR 6.2; 95% CI 1.8–21.4; p = .008). The median National Institutes of Health Stroke Scale score on admission was
3 (interquartile ranges 2–6), stroke was more severe in men (p = .05).
Conclusions:Our study revealed that young patients with stroke in Estonia have higher burden of well-documented risk
factors, higher prevalence of high-risk cardioembolic causes and higher prevalence of large-artery stroke compared to
other young stroke cohorts.

Keywords
young stroke, stroke etiology, trial of org 10,172 in acute stroke treatment classification, risk factors

Date received: 8 June 2021; accepted: 1 August 2021

Introduction

Stroke in young adults is a rare condition. Despite the growing
knowledge, still 20–70% of young patients are diagnosed as
cryptogenic strokes.1–9 However, the majority of young stroke
patients have well-documented modifiable vascular risk fac-
tors explaining about 80% of all strokes.8,10–12 As the epi-
demiology, etiology, and risk factors differ between the sexes
and age-groups across nations and continents,11 data from all
over the world, especially from countries reporting high in-
cidence rates, are needed to ascertain these differences and to
find specific solutions to decrease the burden of stroke
worldwide.

The incidence of stroke in Estonia has been higher
among young and middle-aged population compared to

many other European countries13,14 and this trend con-
tinues.15 The aim of the study was to assess the risk factor
burden and stroke etiology of young stroke patients in
Estonia using prospective design and profound clinical
assessment and to compare the results with similar cohorts
from other countries.
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Patients and methods

Data availability statement: The data that support the
findings of this study are available from the corresponding
author upon reasonable request.

Estonian Young Stroke registry is a prospective ongoing
hospital-based registry of all consecutive patients aged 18–
54 years hospitalized to Tartu University Hospital, the
second largest hospital in Estonia, with discharge diagnosis
of acute ischemic stroke since 1 January 2013. From 2013 to
2015 also patients hospitalized to North Estonia Medical
Center, the largest hospital in Estonia in Tallinn, were in-
cluded in the registry. The current analysis includes patients
recruited from 1 January 2013 to 31 December 2020.

Ischemic stroke was defined as a focal neurological
deficit of acute onset lasting more than 24 h or with evidence
of acute brain ischemia on neuroimaging, when symptoms
lasted < 24 h. All patients were managed by stroke neu-
rologists and evaluated for etiology following a prespecified
detailed protocol (see Supplementary Material 1).

The stroke risk factors were divided into well-documented
and less well-documented risk factors.16

Stroke subtypes were defined according to the Trial of
Org 10,172 in Acute Stroke Treatment (TOAST) criteria17

and according to The Causative Classification of ischemic
stroke (CCS).18 The definitions of stroke risk factors and
criteria for etiologic classification are shown in
Supplementary Material 1. Stroke severity was assessed
according to the National Institutes of Health Stroke Scale
(NIHSS) on admission.

Statistical analysis

Patient characteristics were described by relative frequencies
for categorical data and means, standard deviations, medians
and interquartile ranges (IQR) for continuous data. Differ-
ences in continuous variables were examined using Kruskal–
Wallis test andWilcoxon rank-sum test, categorical data were
compared by chi-squared test or by Fishers’s exact test if
expected frequencies were < 5. All statistical tests were
conducted at a significance level of 0.05. Statistically sig-
nificant differences were further adjusted to age-group and
sex. Adjusted odds ratios with 95% CI were calculated using
logistic regression analysis for binary risk factors and mul-
tinomial logistic regression for etiology. Adjusted differences
in median NIHSS scores were calculated using quantile
regression. Statistical analysis was performed in Stata 14.2.
This study was approved by the Research Ethics Committee
of the University of Tartu (license 302/M-23).

Results

A total of 437 patients (mean age 44.7 ± 8.3 years) were
included in the registry, 273 (62%) of them were men. Men

were significantly older than women (mean ages 45.8 ±
7.8 years and 43 ± 9.0 years, respectively (p = .001)).

Stroke risk factors

Data on risk factors according to age and sex are shown in
Supplementary Table 1 and the burden of risk factors is
shown on Figure 1. The overall frequency of well-
documented risk factors was higher in men (odds ratio
(OR) 3.8; 95% cardiac index confidence interval (CI) 1.8–
8.3; p < .001) and in older age-groups compared to the
youngest age-group (OR 5.9; 95% CI 2.1–16.5; p = .001 in
the age-group 35–44 and OR 21.87; 95% CI 7.8–61.4; p <
.001 in the age-group 54–54).

The prevalence of most less well-documented risk fac-
tors decreased with age, only the prevalence of family
history of stroke and chronic heavy drinking increased with
age (Supplementary Table 1).

When all risk factors were analyzed together, there
were 1.9% of patients with no risk factors and 72.2% of
patients ≥ 3 risk factors, while the effect of age remained
significant (adjusted OR 8.0; 95% CI 1.7–38.5; p = .01).

Stroke severity

The median NIHSS score on admission was 3 (IQR 2–6)
and increased with age: 2 (IQR 1–5) in age-group 18–34, 3
(IQR 1–5.5) in 35–44, and 4 (IQR 2–7.5) in age-group 45–
54 (p = .004). Stroke was significantly more severe in men

Figure 1. The burden on well-documented (a) and less well-
documented (b) risk factors according to sex and age-group.
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(median 4 (IQR 2–7) vs median three for women (IQR 1–5);
p = .05).

Stroke etiology

The stroke etiology according to TOAST and CCS clas-
sifications in both sexes and different age-groups is shown
in Supplementary Table 1. The overall distribution of the
etiological subgroups is comparable in both classification
systems. The proportion of patients in stroke of undeter-
mined etiology (UND) group with incomplete investiga-
tions was 4.1% for CCS and 5.5% for TOAST. Most of the
UND etiology groups were cryptogenic strokes (34% of all
strokes). In the cardioembolism (CE) group, there were 49
patients (60%) with high-risk and 33 (40%) with low-risk
sources according to the TOAST system (Supplementary
Table 2). The low-risk causes were more prevalent in
younger age-groups, while high-risk causes dominated in
the eldest group. The CCS system has classified more
patients into the CE group (22% vs 19% in TOAST) and in
addition, it includes separately patients with cryptogenic
embolism (5%).

The majority of patients in stroke of other determined
etiology (OE) group in the TOAST system had dissection
(Supplementary Table 2). Four patients from this group
were diagnosed as other etiologies by the CCS system.
When different etiological subtypes were adjusted for age
and sex, the CCS classification showed that men have more
large-artery atherosclerosis (LAA; OR 1.8; 95% CI 1–3.3;
p = .05). Also, older patients had more LAA compared to
younger patients (OR 6.2; 95% CI 1.8–21.4; p = .004). The
effect of age on LAA subtype was also shown with TOAST
classification (OR 5.4; 95% CI 1.53–18.4; p = .008).

Discussion

Data from our prospective young stroke registry show that
young patients with stroke in Estonia have high burden of
well-documented risk factors, high prevalence of high-risk
cardioembolic causes, and high prevalence of large-artery
stroke. We also found that men have significantly more
severe strokes and higher risk factor burden compared to
women.

Previous young stroke studies have used different age
cut-off and thus affect comparisons. The Swiss stroke study
and the SIFAP1 study included patients up to 55 years of
age, other studies have included patients up to 49–50 years
of age 1,4–5,9,19–20 or up to 45 years of age.6–7,21 In addition,
most of the published cohorts have been evaluated 10 or
more years ago,1,4–7,21,22 some of them started recruitment
already in the 1990s when the standards for diagnostic
evaluation were somewhat different. Most of the young
stroke cohorts demonstrate male predominance, only the
German cohort, the American registry, and the FUTURE

study have shown equal distribution of sexes or female
predominance.1,6,21 In our study, the youngest age-group
demonstrated female- and the older age-groups male
predominance.

Although it has been known that younger patients have
different stroke risk factors compared to older subjects, the
recent studies have shown that the proportion of traditional
risk factors is increasing among younger patients.8,10-12 The
prevalence of hypertension, atrial fibrillation (AF), and
dyslipidemia in Estonia are the highest compared to other
studies. To some extent, this can be explained by age-difference
(most of our AF cases were in the oldest age-group), but
probably not thoroughly. The criteria for dyslipidemia vary
across studies and very often the criteria for the definition are
not provided. Most of the studies use quite strict limits for lipid
blood values like we did,2,4,7,20–21 one Italian study used higher
cut-off.5

The proportion of cigarette smokers was also high in our
sample, but has been even higher in the SIFAP1 study and in
the German and the Greek cohorts reaching up to 59%6–7,22

It is important to note, that the age-adjusted prevalence of
cigarette smoking in Estonia is 23%,23 while in the young
stroke cohort it is 55%.

The role of obesity in overall stroke risk has probably
been underestimated, but there are some young stroke
studies providing these data.4,6,9,20,22 Most of the studies
report quite low percentage of obese patients (8–22%), but
surprisingly in our cohort it reached 35%. One explanation
for this might again be the age-difference between studies.
The prevalence of obesity in Estonia is increasing, but in the
age-adjusted Estonian population the proportion of obese
subjects is twice smaller than in the young stroke cohort.24

One-third of our patients had stroke family history. The
Italian cohort reported family history in 28% of patients,20

the SIFAP1 study reported it to be as high as 37%.25 We
accounted only first degree relatives with stroke and
therefore the proportion could have been higher if we had
included all relatives with history of stroke.

Compared to other studies, the proportion of patients
with three or more well-documented risk factors was higher
for patients aged 35 to 54 in our cohort (43–62% compared
to 33–48% in SIFAP1 study and 22–51% in the Swiss
Stroke Study).2,22 The Helsinki cohort is somewhat younger
and the proportion of patients with the highest risk factor
burden is also lower (33%) 26 compared to our study (48%).
We demonstrate a sharp increase in traditional risk factors in
early 30s when, for example, the proportion of hyperten-
sion, dyslipidemia, and smoking are more than twice as high
as in late 20 s.

Both the risk factor burden and the etiologic classifi-
cation of stroke are dependent on the amount of investi-
gations provided in each patient. Different studies have used
different criteria for “complete investigations.” Studies do
not always provide data on how many patients received all
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the investigations described. Our prospective sample has
reached very high numbers of thoroughly investigated
patients, including 24-h cardiac rhythm Holter monitoring
which is not always accounted as essential in young stroke
studies.

The TOAST classification has been the main tool de-
fining stroke etiology in most of the studies, we have chosen
to use also the CCS classification which is more profound.
These classification systems are somewhat different with
CCS comprising more detailed data on investigations done
and providing a more detailed insight to the UND subgroup.
To our knowledge, there is only one retrospective study on
young stroke patients using the CCS classification algo-
rithm27; therefore, from here on, we compare our results on
stroke etiology with studies providing subtyping by TOAST
criteria.

The proportion of LAA subgroup (19%) is one of the
highest compared to previous studies, only the FUTURE
study has reported higher values (26%).1 Also, increase
by 4% since our previous study is noted.8 One expla-
nation for this could be the high burden of modifiable risk
factors in our cohort. Surprisingly, in the Greek study
where the proportion of cigarette smokers and dyslipi-
demia was quite high, the LAA etiologic subgroup is only
modest (7%).7 Low proportion of LAA subgroups is also
seen in the Helsinki (8%), the Norwegian (3%), and the
American registry (2%).4,19,21 As expected, the propor-
tion of LAA subtype increased with age and was more
prevalent among men as shown by several previous
studies.3,4,7,28

Small-artery occlusion (SAO) is relatively uniquely
represented across studies (7–17%).1–7,19,21,28 As hyper-
tension and diabetes are the main causes of lacunar strokes,
it would be expected that also higher burden of these risk
factors is present in the cohorts of higher proportion of
SAO. However, quite opposite is reported by several of
these studies.5,7,19 The diagnosis of SAO might also be
controversial: many of our patients in this subgroup had
lacunar strokes on imaging, but no other signs of small
vessel disease and some of them did not have expected risk
factors. Therefore, those patients may have cryptogenic
stroke instead, but the classification system puts them into
SAO category both in TOAST as well as in CCS
classifications.

Our cohort has the highest rate of high-risk car-
dioembolic causes with AF comprising 37%, while in other
studies it is 10–15%.2–4,6–7,20,28 Estonian patients are
somewhat older and that might explain the difference,
however, we have also reported before that the prevalence
of AF among Estonian stroke cohort is higher compared to
many other countries.8,14 Another important factor is that
most of the patients in our cohort had 24-h cardiac rhythm
Holter monitoring and thus the probability of diagnosing AF
was high. In young stroke cohorts, the main source of

cardioembolic stroke is patent foramen ovale (PFO),
comprising 8–49% of all strokes and 44–76% of car-
dioembolic subtype.3,6–7,20–21,28 In our study, 12% of all
strokes and 40% of cardioembolic subtype had PFO despite
high rate of transesophageal echocardiography. The OE
subgroup has always been of special interest in young stroke
studies and usually accounts for 13–34% of all
strokes,1-7,19–21,28 but was only 9% in our study despite
extensive investigations. It is widely known that arterial
dissections are the most frequent specific cause of young
stroke and this was also confirmed in our sample (45% of
dissections in OE subgroup); however, other studies often
report much higher proportions ranging from 25 to 80% of
the OE subgroup.2–4,6–7,21,28 As all of our patients were
evaluated using either carotid ultrasonography or carotid
angiography, it is very unlikely that we have missed many of
these cases and the reason for low proportion of dissections
remains unsolved.

The OE subgroup is also dependent on the methodology
of the study, for example, we did not account single gene
mutations or blood analyses’ deviations as OE but rather as
UND. There was a relatively high proportion of patients with
active cancer (15%) among the OE subtype in our cohort. It is
important to mention that despite high risk–factor burden, the
etiology of stroke remained unknown for as many as 34% of
patients. This indicates that there is much unknown about the
etiology and causes of stroke in the young and continuous
efforts should be made to reduce this gap in knowledge.

The severity of stroke has not been studied in many
young stroke cohorts, but available data indicate that me-
dian NIHSS score on admission is uniquely three
points2,6,9,26 and was the same in our study. Interestingly,
the stroke was significantly more severe among men which
could be derived from the high-risk factor burden, higher
prevalence of cardioembolic stroke and stroke due to large-
artery atherosclerosis.

The strength of our study is the prospective design and
high proportion of thoroughly evaluated patients using
profound study protocol. Involving patients up to 54 years
of age can also be considered important as these are
working-age people and many of the classical stroke risks
become important at this age.

The main limitation of our study is hospital-based rather
than population-based design. This is mostly associated
with the fact that stroke in the young is a rare condition and
using population-based design the sample size would have
been very small. As Estonia is a small country, we cannot
expect large numbers of young stroke patients. Unfortu-
nately, we did not have the possibility to collect data from
both largest hospitals in Estonia for the whole study period
of 8 years, which could have increased the sample size.
However, we included all consecutive patients during that
period and the phenotypes of our patients are well described
and thoroughly studied.
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Summary

The results of our study point out that although we should
search for rare causes of stroke in the young,much can be done
regarding modifiable risk factors and primary prevention to
reduce the impact of stroke among the young. This is also one
of the goals of the Stroke Action Plan in Europe29 and the
specific target of young population should be the priority.

Despite the high burden of risk factors, one-third of
patients are diagnosed with cryptogenic stroke. There is a
need for further studies especially in this area in addition to
other continuous efforts in unraveling the causes of stroke in
the young and every contribution to this field is invaluable.
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