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Aim: To compare incidence of first-ever acute cerebral infarction, etiology and traditional risk factors in young adults 15–49 years in 
1988–1997 and 2008–2017 in Hordaland County, Norway.
Methods: Case-finding of young adults with acute cerebral infarction in 1988–1997 was done retrospectively by computer research 
from hospital registries in Hordaland County. Young adults with acute cerebral infarction living in the Bergen region in 2008–2017 
were prospectively included in a database at Haukeland University Hospital. Traditional risk factors, etiology and modified Rankin 
scale score on discharge were registered.
Results: Crude average incidence of acute cerebral infarction was 11.4 per 100.000 per year in 1988–1997 and 13.2 per 100.000 -
per year in 2008–2017 (P=0.04). The prevalence of prior myocardial infarction, angina pectoris, and dyslipidemia were lower in the 
2008–2017 cohort (all P<0.05). Atherosclerosis was less common in the 2008–2017 cohort (P<0.001).
Conclusion: The observed incidence of acute cerebral infarction in young adults increased from 1988–1997 to 2008–2017 in 
Hordaland County. Atherosclerosis was less common in the 2008–2017 cohort.
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Introduction
According to some studies, the incidence and prevalence of traditional risk factors in young adults with acute cerebral 
infarction have increased in recent years.1–8 Possible causes for increased incidence are an increased prevalence of risk 
factors and illicit drug use in the general population.1,2,9 However, higher awareness of stroke symptoms and introduction 
of MRI may also have contributed to higher incidence.

We previously performed a population-based study of first–ever acute cerebral infarction in young adults in 
Hordaland County in Norway between 1988 and 1997.10,11 Since 2006 we have prospectively included all stroke patients 
admitted to Haukeland University Hospital in Bergen, Norway, in a stroke registry.

In this paper, we present a comparison between patients from the 1988–1997 cohort and patients admitted 2008–2017 
(15–49 years). We hypothesized that the incidence of first-ever acute cerebral infarction was higher in the 2008–2017 
cohort.

Methods
Acute cerebral infarction was defined in accordance with the Baltimore-Washington Cooperative Young Stroke Study 
Criteria comprising neurological deficits lasting more than 24 h because of ischemic lesions or transient ischemic attacks 
where CT or MRI showed infarctions related to the clinical findings.12

1988–1997 Cohort
All hospitalized patients 15–49 years old with first-ever cerebral infarction from 1988 to 1997 living in Hordaland 
County were included. Case-finding was done retrospectively by computer search from hospital registries in Hordaland 
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County as described previously.10 More than 90% of the patients were admitted to Haukeland University Hospital. The 
mean population in Hordaland County was 201,703 per year.

Determination of etiology as determined by the TOAST (Trial of Org 10172 in Acute Stroke Treatment) 
classification,13 registration of traditional risk factors and modified Rankin scale (mRs) score on discharge were based 
on the patient record.

2008–2017 Cohort
All consecutive patients with acute ischemic stroke (the index stroke) admitted to the Center for Neurovascular Diseases, 
Department of Neurology, Haukeland University Hospital since February 2006 were prospectively registered in 
a database (The Bergen NORSTROKE Registry). In this study, we included patients 15–49 years of age with first- 
ever cerebral infarction admitted 2008–2017 and living in the Bergen region. The Bergen region is a well-defined 
geographical subregion of Hordaland County. The mean population was 197,658 per year.

Etiology was determined by the TOAST criteria.13 Risk factors were defined according to a predefined protocol: 
myocardial infarction, peripheral atherosclerosis, hypertension, diabetes mellitus, and smoking.

mRS score was obtained day 7 or on discharge if discharged before day 7.

Risk Factors
In both cohorts, current smoking was defined as smoking at least one cigarette per day. Diabetes mellitus was considered 
present if the patient was on a glucose-lowering diet or medication. Hypertension, myocardial infarction, and peripheral 
artery disease were considered present if diagnosed by a physician any time before stroke onset. Dyslipidemia was 
defined as use of statin before the index stroke or cholesterol >6.5 mmol/l during the hospital stay for the index stroke.

Investigations included CT, MRI, angiography (CT or MRI), echocardiography, Holter monitoring (usually 24 h), 
ECG, and duplex sonography of neck vessels. However, in the 1988–1997 cohort, MRI, echocardiography, Holter 
monitoring, and angiography (CT or MRI) were less frequently used.

The study complies with the Declaration of Helsinki and is approved by the local ethics committee (REK Vest). 
Written informed consent was obtained from all subjects before the study.

Statistics
This study is an incidence-based population study. Incidence calculation in 1988–1997 has been described previously.10 

Incidence calculation in the 2008–2017 cohort was based on the number of first-ever cerebral infarctions and the 
population in the Bergen region for the 2008–2017 cohort. Ninety-five percent confidence intervals were calculated on 
the basis of the Poisson distribution. Student’s t-test and chi-square were used when appropriate. STATA 15.0 (StataCorp 
4905 Lakeway Drive, College Station, Texas 77,845 USA) was used for analyses.

Results
The number of patients was 232 in the 1988–1997 cohort and 261 in the 2008–2017 cohort. The average crude incidence 
in Hordaland County for acute cerebral infarction was 11.4 per 100,000 in the 1988–1997 interval and 13.2 per 100,000 
in the 2008–2017 interval (P=0.04) (Table 1). There were no differences in the incidence rates for females (P=0.25) or 

Table 1 Average Incidence per 100.000 per Year of Acute 
Cerebral Infarction in Patients Aged 15–49 in Hordaland 
County

1988–1997 2008–2017 P

All patients 11.4 (9.9–12.9) 13.2 (11.7–14.9) 0.04
Male 12.9 (10.8–15.2) 15.2 (12.9–17.8) 0.10

Female 9.7 (7.9–11.9) 11.1 (9.1–13.4) 0.25

Note: () 95% confidence interval.
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males (P=0.10) between the two cohorts. Within both cohorts, the incidence rates were higher for males than for females 
(P=0.03 in the 1988–1997 cohort and P=0.01 in the 2008–2017 cohort) (Table 1).

Among patients in the previous cohort <30 years 7 (30%) patients were males and 16 (70%) were females and among 
patients ≥30 years 129 (62%) were males and 80 (38%) were females (P=0.004). Among patients in the current cohort 
<30 years 14 (44%) patients were males and 18 (56%) were females and among patients ≥30 years 141 (62%) were 
males and 88 (38%) were females (P=0.05). The sex proportion differences between the cohort were significant (P=0.04). 
The proportion of patients <30 years in the previous cohort did not differ from the corresponding proportion in the 
current cohort (9.9% versus 12.2%, P=0.41).

Table 2 shows the frequencies of risk factors in the two cohorts. Myocardial infarction, angina pectoris, and 
dyslipidemia were less frequent in the 2008–2017 cohort (all P≤.05).

Table 3 shows the etiologies in the two cohorts. Atherosclerosis was less frequent, whereas cardiac embolism and 
other causes were more frequent in the 2008–2017 cohort. Major cardiac sources comprised 10 (3.8%) patients and minor 
sources (including patent foramen ovale (n=47) or atrial septum aneurysm (n=7)) comprised 57 (21.8%) patients in the 
current cohort. Among patients with unknown etiology 69 (26.4%) had cryptogenic cerebral infarction and 26 (10.0%) 
had competing causes in the 2008–2017 cohort.

On discharge 186 (80%) in the previous cohort and 211 (81%) in the current cohort had mRS 0–2 (P=0.85). Eight 
(3.4%) patients in the previous cohort and 7 (2.7%) patients in the current cohort died during the hospital stay (P=0.62). 
All patients in both cohorts died because of a large infarction.

In the 2008–2017 cohort, 255 (98%) patients underwent MRI including diffusion weighted imaging (DWI) and 31 
(12%) patients had DWI lesions on MRI, but recovered within 24 h. In the previous cohort, 71 (31%) patients underwent 
MRI. None included DWI.

Table 2 Risk Factors in Young Ischemic Stroke Patients in 1988–1997 and 
2008–2017

1988–1997 2008–2017 P

N (%) N (%)

Age, mean (standard deviation) 41.6 (7.5) 40.6 (7.9) 0.15

Sex 0.86

Male 136 (59) 155 (59)
Female 96 (42) 106 (41)

TIA 13 (5.6) 6 (2.3) 0.06

Myocardial infarction 17 (7.3) 4 (1.5) 0.002
Angina pectoris 16 (6.9) 4 (1.5) 0.003

Atrial fibrillation 4 (1.7) 3 (1.1) 0.59

Peripheral atherosclerosis 7 (3.0) 2 (0.8) 0.06
Hypertension 56 (24) 57 (22) 0.54

Diabetes mellitus 21 (9.1) 20 (7.7) 0.58

Ever smoked 141 (61) 142 (56) 0.15
Dyslipidemia 68 (29) 47 (18) 0.003

Table 3 Etiology (TOAST) in 1988–1997 versus 2008–2017

1988–1997 2008–2017 P

N (%) N (%)

Atherosclerosis 35 (15) 10 (3.8) <0.001

Cardiac embolism 18 (7.8) 67 (26) <0.001

Small vessel disease 34 (15) 33 (13) 0.52
Other 34 (15) 56 (21) 0.05

Unknown 117 (48) 95 (36) 0.002
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Discussion
We confirmed our hypothesis that the observed incidence of cerebral infarction in young adults increased from 1988– 
1997 to 2008–2017. Thus, our result is in accord with several other studies that have shown an increased incidence in 
recent years.1,3,7,8 A study including all stroke patients aged 15–54 years in Norway showed a weak decline in incidence 
rate of ischemic stroke between 2010 and 2015.14

In contrast to some other studies, the frequencies of traditional risk factor did not increase.2 The frequencies of 
hypertension, smoking, and diabetes mellitus remained unchanged, whereas the frequencies of angina pectoris, myo-
cardial infarction, and dyslipidemia decreased significantly. This is consistent with a decreasing incidence of myocardial 
infarction in Norway's general population in recent years.15

The difference between our study and other studies may be due to different methodologies. Our study was based on 
patient records and patient interviews, whereas other studies used administrative data. Administrative data are likely less 
reliable.

The frequencies of risk factors differ between young and old ischemic stroke patients. Comparing ischemic stroke 
patients younger and older than 50 years of age in Hordaland County, Norway, showed that coronary heart disease, 
hypertension, atrial fibrillation, and diabetes mellitus were significantly more frequent among older patients.16

Investigations were more thorough in the current cohort compared to the previous cohort. Almost all underwent DWI 
in the 2008–2017 cohort. DWI is sensitive to small acute cerebral infarction, and this may explain that 13% of the 
patients in the current cohort recovered within 24 h. It is unlikely that the majority of similar patients would have been 
included in the 1988–1997 cohort where none had DWI and patients with TIA and normal CT or MRI were excluded.

One might expect the reduction in traditional risk factors to decrease in the general population, and the use of DWI to 
increase the observed incidence of acute cerebral infarction. Furthermore, the general awareness of stroke symptoms has 
increased in recent years because of new treatment options such as thrombolysis and thrombectomy. This has probably 
reduced the threshold for seeking medical help among patients with minor symptoms as perceived by patients or 
emergency doctors outside the hospital, leading to the hospitalization of more patients with acute cerebral infarction.17 

On balance, reduced frequencies of risk factors, use of DWI, better awareness of stroke symptoms and treatment options 
and little change in observed incidence rates suggest that the true incidence of acute cerebral infarction in young adults 
may have decreased in Hordaland County between 1988–1997 and 2008–2017.

The most important difference as to etiology was the significant reduction of atherosclerosis in the 2008–2017 cohort. 
This is compatible with the low frequencies of coronary heart disease and peripheral atherosclerosis in the current cohort 
compared with the previous cohort.

The differences as to cardiac embolism, other etiologies, and unknown etiology are likely due to more comprehensive 
investigations in the 2008–2017 cohort. Angiography (MRI or CT) was frequently used in the 2008–2017 cohort, 
probably disclosing more patients with dissection of neck vessels. Transesophageal echocardiography disclosed patent 
foramen ovale in many patients with an embolic stroke of otherwise unknown etiology in the 2008–2017 cohort.

A limitation of the present study is that inclusion of patients in 1988–1997 was retrospective and possibly under-
estimated the frequencies of risk factors. In contrast, the 2008–2017 cohort was included prospectively. Etiologies and 
risk factors were systematically registered in both cohorts. However, in the 1988–1997 cohort, MRI, echocardiography, 
Holter monitoring, and angiography (CT or MRI) were less frequently used. A strength of the study is the comparison of 
two cohorts admitted to the same hospital. In both periods, the threshold for admitting patients with possible acute stroke 
to our hospital was low. Another strength of the study is that patient data were based on patient records and patient 
interviews and not on administrative data, which has been the most common method in other studies.6–8

In conclusion, the observed incidence of acute cerebral infarction in young adults increased from 1988–1997 to 2008– 
2017 in Hordaland County. Atherosclerosis was less common in the 2008–2017 cohort.
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