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Background and Purpose Previous studies have revealed inequalities in stroke treatment 

based on demographics, hospital type, and region. We used the Swedish Stroke Register 

(Riksstroke) to test if patient education level is associated with reperfusion (thrombolysis 

and/or thrombectomy) treatment.  

Methods We included 85,885 patients with ischemic stroke aged 18–80 years registered in 

Riksstroke between 2003 and 2009. Education level was retrieved from Statistics Sweden, 

and thrombolysis, thrombectomy, patient, and hospital data were obtained from Riksstroke. 

We used multivariable logistic regression to analyze the association between reperfusion 

therapy and patient education.  

Results A total of 3,649 (4.2%) of the patients received reperfusion therapy. University-

educated patients were more likely to be treated (5.5%) than patients with secondary (4.6%) 

or primary education (3.6%), (p < 0.001). The inequality associated with education was still 

present after adjustment for patient characteristics; university education odds ratio (OR) 1.14, 

95% CI 1.03–1.26 and secondary education OR 1.08, 95% CI 1.00–1.17 compared to primary 

education. Higher hospital specialization level was also associated with higher reperfusion 

levels (p < 0.001). In stratified multivariable analyses by hospital type, significant treatment 

differences by education level existed only among large non-university hospitals (university 

education OR 1.20, 95% CI 1.04–1.40; secondary education OR 1.14, 95% CI 1.01–1.29).  

Conclusion We demonstrated a social stratification in reperfusion, partly explained by patient 

characteristics and the local hospital specialization level. Further studies should address 

treatment delays, stroke knowledge, and means to improve reperfusion implementation in less 

specialized hospitals.  
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Intravenous thrombolysis for ischemic stroke was approved in Europe in 2003, but 

implementation has been slow in many countries, including Sweden.1-3 Previous studies have 

shown inequalities in treatment based on demographics, hospital type, and region.3 Despite 

many countries’ universal health care systems and ambitions to reduce health gaps, social 

stratification still exists in terms of stroke incidence, severity, time from onset to hospital 

arrival, brain imaging access, and outcome.4-12 Swedish studies have shown social 

stratification in stroke mortality, access to stroke unit care, and secondary prevention.13-15  

Socioeconomic status (SES) aspects of stroke thrombolysis have only been explored in a few 

studies from the US, Canada, the UK, and Austria, with inconsistent results.16-20 We applied a 

nationwide perspective to the implementation process of stroke reperfusion (thrombolysis and 

thrombectomy) in Sweden. With a national stroke database, we tested if education level is 

associated with thrombolysis and/or thrombectomy treatment.  

 

Materials and Methods 

The Swedish health care system is tax funded, decentralized into 20 counties, and aims to 

provide care on equal terms for all of Sweden’s citizens (9.3 million in 200921). All acute 

hospitals are publicly funded and the private sector is small. More information is available on 

http://www.government.se/sb/d/15660. Suspected stroke patients are referred to the nearest 

hospital emergency department. The national quality register Riksstroke includes information 

from all acute stroke care hospitals in Sweden (n = 76 in 2009)22 on quality of acute care, 

rehabilitation, secondary prevention, and community support,23 and allow for a nationwide 

perspective on the quality of Swedish stroke care. Data registration guidance is available 

online. The data entry software accepts valid alternatives only. In 2009, register coverage was 

estimated at 85% and reperfusion therapy administration was centralized into 74 acute care 

hospitals.22 
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Inclusion criteria for this study were Riksstroke data on ischemic stroke (ICD-10: I63), age 

18–80 years, and year of stroke onset from 2003 to 2009. Thrombolysis, thrombectomy, and 

other patient and hospital data were acquired from Riksstroke. Personal identity numbers were 

used to link Riksstroke data with the individual patients’ highest attained education level, 

which was retrieved from the Longitudinal Integration Database for Health Insurance and 

Labour Market Studies (LISA) of Statistics Sweden.24 Education was categorized as primary, 

secondary, or university level. Age was used as a continuous variable for comparison of 

groups with and without education data, and divided into deciles for all other univariable and 

multivariable analyses. The type of hospital was analyzed according to specialization level 

(community, large non-university, and university hospitals). Reperfusion therapy was defined 

as thrombolysis and/or thrombectomy, and thrombolysis in combination with thrombectomy 

counted as a single intervention. The study was approved by the Ethical Review Board in 

Umeå. 

 

Statistical methods 

The Mann-Whitney U test was used to compare age distribution across patients with unknown 

and known education data. The 2-test was used for univariable comparisons. Multivariable 

logistic regression was used to analyze the association between reperfusion therapy and 

patient education; the simple model included sex and age as potentially confounding factors, 

and the full model included additional factors (living in an institution, living alone, 

dependence in personal activities of daily living before stroke, hypertensive medication on 

admission, diabetes, smoking, previous stroke, atrial fibrillation, level of consciousness on 

admission, and onset year). We then added hospital type to the model. Separate analyses were 

performed for each hospital type. Significance was set to p < 0.05. Univariable comparisons 
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are shown as percentages together with 95% confidence intervals (95% CI). Outcomes from 

multivariable analyses are presented as odds ratios (ORs) together with the corresponding 

95% CI. Statistical software was IBM SPSS, version 20.0. 

 

Results 

A total of 85,885 patients fulfilled the inclusion criteria. For 2,003 patients (2.3%), education 

level was unknown. Age distribution did not differ between patients with known and 

unknown education level (p = 0.187) while the proportion of women was higher among those 

with unknown education (47.3% vs. 41.5%), (p < 0.001). Reperfusion therapy was 

administered to 82 (4.1%) of patients with unknown education and 3,567 (4.3%) of patients 

with known education (p = 0.728). Country of birth data was available for ~75% of patients 

with unknown education, and fewer of those were born in Sweden (22.7%) compared to those 

with known education (87.6%). Thrombectomy is recorded in Riksstroke from 2009 and 

onwards. In that year, 933 (7.5%) patients received thrombolysis, 55 (0.4%) thrombectomy, 

and 90 (0.7%) both therapies.  

 

Univariable analysis  

Stroke patients with higher education were to a greater extent males, younger, cohabiting, 

living at home, independent in p-ADL before stroke onset, free from hypertensive medication, 

non-diabetics, non-smokers (although a larger proportion of secondary-educated patients were 

smokers compared to primary-educated patients, p < 0.001), and without atrial fibrillation 

(although a larger proportion of university-educated patients had atrial fibrillation compared 

to secondary-educated patients, p < 0.015, all others  p < 0.001) (Table 1). The proportion of 

patients with university education decreased with lower hospital specialization level (19.3% 

for university hospitals, 16.1% for large non-university hospitals, and 11.2% for community 
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hospitals, p < 0.001). Higher-educated patients were also more often alert on admission. 

University-educated patients were more likely to receive reperfusion therapy (5.5%) than 

patients with secondary (4.6%) or primary school education (3.6%) (p < 0.001) (Table 2). 

Although the relative differences in reperfusion therapy between patients with university 

education and primary education decreased over time (p = 0.005), the absolute differences 

remained (1.3 percentage units in 2003 and 2.5 percentage units in 2009) (Figure 1). 

 

Multivariable analysis 

The multivariable logistic regression model confirmed that patients with university education 

were more likely to receive reperfusion therapy compared to patients with primary education 

(Table 2). This disparity existed after adjusting for sex and age (OR 1.39, 95% CI 1.26–1.53) 

and after adjusting for all potentially confounding patient characteristics (OR 1.14, 95% CI 

1.03–1.26). We observed similar but less pronounced differences for patients with secondary 

education compared to the primary education group (sex- and age-adjusted OR 1.18, 95% CI 

1.10–1.28; all patient variables-adjusted OR 1.08, 95% CI 1.00–1.17). Posterior probability 

estimations gave likelihoods of having reperfusion therapy of 3.65% for primary educated, 

4.73% for secondary educated, and 5.48% for university educated patients.  

 

In the multivariable regression model, 57 years and older, living alone, being dependent in p-

ADL before stroke, having diabetes, having a history of previous stroke, and being 

unconscious on admission were all associated with a lower likelihood of receiving reperfusion 

therapy. Having atrial fibrillation and being drowsy on admission were associated with a 

higher likelihood of receiving reperfusion therapy. When we added hospital type to the full 

model, the differences between the education groups were no longer statistically significant 

(university education OR 1.08, 95% CI 0.97–1.19; secondary education OR 1.06, 95% CI 
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0.98–1.14). In stratified multivariable analyses by hospital type, treatment differences existed 

only among the large non-university hospitals (university education OR 1.20, 95% CI 1.04–

1.40 and secondary education OR 1.14, 95% CI 1.01–1.29 compared with primary education), 

(Table 3). After adjusting for stroke unit care, the differences remained. 

 

Discussion 

We found that reperfusion therapy for stroke was associated with higher patient education 

level. The inequalities in treatment were partly explained by patient characteristics and 

hospital specialization level. No significant relations between thrombolytic therapy rates and 

education were found for university hospitals (which had the highest treatment rates and the 

highest proportion of university-educated patients) or community hospitals (which had the 

lowest reperfusion rates and education levels). Statistically significant differences were only 

found for large non-university hospitals (which had intermediate treatment rates and 

education levels).  

 

Education level can be used as a proxy for SES. Two studies in the UK that used area-based 

SES measures did not find any association to thrombolysis administration.18, 20 Arrich et al 

found no association between education level and thrombolysis provision among patients 

admitted in Austria between 1998 and 2003.19 SES differences in thrombolysis administration 

have, though, been found in studies from Canada and the US, both of which used median area 

income as a proxy for SES.16, 17 The results of these studies must be viewed in relation to the 

health insurance systems in the countries where the studies were conducted.  

 

Pre-hospital delay has been suggested to be an important obstacle to thrombolysis 

administration25 and is commonly seen as a patient-related factor.26 Education level might 
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influence pre-hospital delay. Pre-hospital delay can be divided into decision delay (time from 

noticing stroke symptoms to calling for help), which involves stroke awareness and help-

seeking behavior in patients, bystanders, and family members,12, 27, 28 and transport delay 

(time from calling for help to arrival at the hospital), which is mainly dependent upon the 

emergency medical system’s organizational qualities and priority settings29 and distance to the 

hospital. A review30 of 182 studies suggested that help-seeking behavior is more dependent on 

the perceived severity of symptoms than on actual knowledge of symptoms. Surprisingly, 

education and sociodemographic variables were not related to time delays. The most common 

reasons for delay were not recognizing symptoms as a stroke, not realizing the urgency of the 

symptoms, and waiting to see if the symptoms resolve spontaneously.  

 

In our study, higher education was associated with a higher specialization level in the 

hospital, reflecting what can be called a socioeconomic segmentation; larger cities (in which 

more specialized hospitals usually reside) tend to attract individuals with higher education. 

Thrombolysis was approved as treatment for ischemic stroke in 2003, but some university 

hospitals participated in clinical thrombolysis studies before the approval. This might have 

helped pioneer the early implementation of thrombolysis in such hospitals.3 According to 

diffusion theories, the ability to test an innovation on a small scale is beneficial for 

implementation.31  

 

In stratification by hospital type, only large non-university hospitals had treatment disparities. 

Such hospitals had the most rapid increase in thrombolysis treatment rates from 2003 to 

2008,3 and in later years the rates approached those of university hospitals. A 2–3 year 

implementation delay in thrombolysis for community hospitals compared to university 

hospitals has been described,3 and a recent review suggests that community hospitals’ 
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thrombolysis rates might benefit most by improving pre-hospital factors.32 Analyses of other 

stroke care quality indicators in Sweden have shown SES disparities in long-term survival 

and, although decreasing with time, access to stroke unit care.14, 15 

 

A strength of this study is its national perspective. Coverage of the Riksstroke register is high, 

and this reduces the risk of bias.22, 33 Linkage between Riksstroke data and public statistics is 

made possible by the national system of personal identity numbers. Reaction Level Scale data 

(describing the level of consciousness upon arrival at the hospital) was used as a proxy for 

stroke severity at onset and has good external validity as a strong predictor of short-term 

survival and functional outcome.34, 35 Another strength is the use of individual-based SES 

data. Many similar studies used area-based measures of SES, which can be good when 

individual SES data is unavailable36 and can account for environmental aspects such as 

distance to hospitals. However, individual-level SES data can account for age-related 

variations in SES of persons living in an area and is more useful in mixed SES areas.37 

Income and former occupation are considered to be unreliable measures of SES in older 

individuals,5 such as those in this study, so we used education level as a proxy for SES. 

Education can be reliably recalled and easily quantified and is unaffected by marital status, 

parenthood, or retirement.5 The latest evaluation of LISA education data38 showed that 86% 

of individuals born in Sweden, and 70% of those born outside Sweden, were correctly 

classified. Education level was unknown for less than 1% of those born in Sweden and for 7% 

of those born outside Sweden. Unknown education level was 5% among those below 24 years 

of age and less than 1% in the other age groups. These low numbers of unknown education 

levels might relate to the low number of excluded subjects in the present study. 
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A weakness in this study is the lack of data for delays, distances to hospitals, NIHSS, and 

every contraindication for reperfusion. Also, the age variable could not be categorized into 

perfectly even groups because it only was available as absolute terms.  

 

This study implies that treatment disparities can be reduced through restructuring at the 

organizational level in stroke hospital care. This might enable a connection between low-SES 

individuals and high-quality stroke care.  

 

Further studies should address pre- and in-hospital delay times, stroke knowledge, and 

methods to understand and improve the implementation of stroke reperfusion therapy in less 

specialized hospitals.  

 

Summary  

The observed social stratification in reperfusion treatment has complex origins but can partly 

be explained by patient characteristics and hospital specialization level. Differences in patient 

education in reperfusion treatment are most evident within large non-university hospitals.  
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Figure Legends 

Figure 1. Proportion of ischemic stroke patients treated with reperfusion therapy over time 

stratified according to education level.  
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Tables 
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Table 1. Patient characteristics stratified according to education level.  

Education level  Primary  Secondary  University  Unknown  

  N % N % N % N % 

Sex Women 17,523 43.3 12,524 40.5 4,724 37.8 948 47.3 

Age, years ≤56 2,298 5.7 4,591 14.9 1,954 15.6 243 12.1 

 57-61 2,767 6.8 3,583 11.6 1,594 12.7 153 7.6 

 62-65 3,484 8.6 3,889 12.6 1,541 12.3 197 9.8 

 66-69 4,863 12.0 4,079 13.2 1,588 12.7 245 12.2 

 70-71 3,189 7.9 2,128 6.9 897 7.2 153 7.6 

 72-74 6,104 15.1 3,709 12.0 1,569 12.5 273 13.6 

 75-76 5,061 12.5 2,722 8.8 1,129 9.0 176 8.8 

 77 2,915 7.2 1,485 4.8 518 4.1 129 6.4 

 78-79 6,358 15.7 3,107 10.1 1,167 9.3 284 14.2 

 80 3,430 8.5 1,614 5.2 549 4.4 150 7.5 

Living alone Yes 16,832 41.9 11,372 37.1 3,885 31.3 773 39.5 

Institutional living Yes 2,186 5.4 1,070 3.5 291 2.3 179 9.1 
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Dependent in p-ADL* Yes 3,098 7.7 1,623 5.3 512 4.1 222 11.3 

Hypertensive medication  Yes 22,994 57.6 16,439 53.9 6,221 50.3 1,023 52.2 

Diabetes Yes 10,035 25.0 6,877 22.4 2,183 17.6 561 28.3 

Smoker Yes 7,902 19.5 6,927 22.4 1,906 15.2 395 19.7 

 Unknown 4,346 10.7 3,039 9.8 1,233 9.9 276 13.8 

Previous stroke Yes 10,660 26.6 7,434 24.3 2,561 20.7 510 26.0 

Atrial fibrillation Yes 8,953 22.5 5,754 18.9 2,458 19.9 400 20.4 

Level of consciousness Awake (1) 35,122 87.6 27,501 89.8 11,269 90.8 1,650 83.6 

(RLS† score) Drowsy (2-3) 3,731 9.3 2,362 7.7 884 7.1 252 12.8 

 Unconscious (4-8) 1,230 3.1 750 2.4 260 2.1 72 3.6 

Hospital type University  7,227 17.9 6,772 21.9 3,339 26.7 640 32.0 

 Large non-university  16,482 40.7 13,255 42.9 5,697 45.6 800 39.9 

 Community  16,760 41.4 10,880 35.2 3,470 27.7 563 28.1 

*Personal activities of daily living. †Reaction Level Scale 
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Table 2. Univariable comparisons and multivariable logistic regression analysis of reperfusion therapy. Data not shown for year.   

  Univariable comparisons Multivariable logistic 

   regression analysis 

  Study population Reperfusion therapy Simple model* Full model* 

  N Column 

% 

n % (95% CI) OR (95% CI) OR (95% CI) 

Education Primary 40,469 47.1 1,451 3.6 (3.40–3.77) Ref.† Ref. 

 Secondary 30,907 36.0 1,433 4.6 (4.40–4.87) 1.182 (1.10–1.28) 1.08 (1.00–1.17) 

 University 12,506 14.6 683 5.5 (5.06–5.86) 1.39 (1.26-1.53) 1.14 (1.03–1.26) 

 Unknown 2,003 2.3 82 4.1 (3.23-4.96) 1.09 (0.87-1.37) 0.94 (0.96-1.11) 

Sex Female 35,719 41.6 1,408 3.9 (3.74-4.14) Ref. Ref. 

 Male 50,166 58.4 2,241 4.5 (4.29-4.65) 1.07 (1.00–1.15) 1.03 (0.96–1.11) 
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Age, years  ≤56 9,086 10.6 592 6.5 (6.01-7.02) Ref. Ref. 

 57–61 8,097 9.4 393 4.9 (4.39-5.32) 0.74 (0.65–0.85) 0.81 (0.70–0.93) 

 62–65 9,111 10.6 450 4.9 (4.49-5.38) 0.77 (0.67–0.87) 0.77 (0.68–0.88) 

 66–69 10,775 12.5 520 4.8 (4.42-5.23) 0.76 (0.67–0.86) 0.78 (0.68–0.88) 

 70–71 6,367 7.4 257 4.0 (3.55-4.52) 0.64 (0.55–0.74) 0.69 (0.59–0.81) 

 72–74 11,655 13.6 467 4.0 (3.65-4.36) 0.64 (0.56–0.72) 0.69 (0.60–0.79) 

 75–76 9,088 10.6 337 3.7 (3.32-4.10) 0.59 (0.52–0.68) 0.67 (0.58–0.78) 

 77 5,047 5.9 176 3.5 (2.98-3.99) 0.56 (0.47–0.67) 0.61 (0.51–0.73) 

 78–79 10,916 12.7 354 3.2 (2.91-3.58) 0.52 (0.45–0.60) 0.59 (0.51–0.68) 

 80 5,743 6.7 103 1.8 (1.45-2.14) 0.29 (0.23–0.35) 0.33 (0.27–0.41) 

Living alone No 52,382 61.4 2,732 5.2 (5.03-5.41)  Ref. 

 Yes 32,862 38.6 895 2.7 (2.55-2.90)  0.56 (0.52–0.61) 
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Institutional  living No 81,717 95.6 3,589 4.4 (4.25-4.53)  Ref. 

 Yes 3,726 4.4 49 1.3 (0.95-1.68)  0.76 (0.55–1.04) 

Dependence in p-ADL‡ No 79,613 93.6 3,584 4.5 (4.36-4.65)  Ref. 

 Yes 5,455 6.4 54 1.0 (0.73-1.25)  0.29 (0.21–0.39) 

Hypertensive medication No 38,053 44.9 1,769 4.6 (4.44-4.86)  Ref. 

 Yes 46,677 55.1 1,840 3.9 (3.77-4.12)  0.95 (0.89–1.03) 

Diabetes No 65,669 77.0 3,087 4.7 (4.54-4.86)  Ref. 

 Yes 19,656 23.0 539 2.7 (2.51-2.97)  0.63 (0.57–0.70) 

Smoking No 59,861 69.7 2,621 4.4 (4.21-4.54)  Ref. 

 Yes 17,130 19.9 726 4.2 (3.94-4.54)  0.91 (0.83–1.00) 

 Missing 8,894 10.4 302 3.4 (3.02-3.77)  0.93 (0.81–1.06) 

Previous stroke No 63,870 75.1 3,149 4.9 (4.76-5.10)  Ref. 
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 Yes 21,165 24.9 481 2.3 (2.07-2.47)  0.55 (0.50-0.61) 

Atrial fibrillation No 67,097 79.3 2,703 4.0 (3.88-4.18)  Ref. 

 Yes 17,565 20.7 914 5.2 (4.88-5.53)  1.48 (1.36-1.61) 

Level of consciousness Alert (1) 75,542 88.8 3,046 4.0 (3.89-4.17)  Ref. 

(RLS§ score) Drowsy (2–3) 7,229 8.5 541 7.5 (6.88-8.09)  2.39 (2.16-2.64) 

 Unconscious (4–8) 2,312 2.7 31 1.3 (0.87-1.81)  0.45 (0.31-0.65) 

Hospital type University  17,978 20.9 1,079 6.0  (5.65-6.34)   

 Large non-university  36,234 42.2 1,545 4.3 (4.06-4.47)   

 Community 31,673 36.9 1,025 3.2 (3.04-3.42)   

*The simple and full models are described in the methods section. †Reference category. ‡Personal activities of daily living. §Reaction Level Scale.  
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Table 3. Proportion of ischemic stroke patients receiving reperfusion therapy stratified by 

hospital type and education level. Multivariable logistic regression models were adjusted for 

all patient variables (full model). 

Hospital type Education Univariable Multivariable  

  comparisons logistic regression 

  N* n† % (95% CI) OR (95% CI) 

University Primary 7,227 391 5.4 (4.91–5.96) Ref.‡ 

 Secondary 6,772 427 6.3 (5.75–6.91) 1.00 (0.86–1.16) 

 University 3,339 230 6.9 (6.08–7.80) 0.96 (0.81–1.16) 

 Unknown 640 31 4.8 (3.18-6.51) 0.81 (0.54-1.20) 

Large non-university Primary 16,482 574 3.5 (3.21–3.77) Ref. 

 Secondary 13,255 615 4.6 (4.29–5.01) 1.14 (1.01–1.29) 

 University 5,697 316 5.6 (4.98–6.17) 1.20 (1.04–1.40) 

 Unknown 800 40 5.0 (3.49-6.51) 1.13 (0.79-1.64) 

Community Primary 16,760 486 2.9 (2.66–3.16) Ref. 

 Secondary 10,880 391 3.6 (3.26–3.96) 1.00 (0.87–1.15) 

 University 3,470 137 4.0 (3.35–4.65) 1.00 (0.82–1.23) 

 Unknown 563 11 2.0 (0.81-3.10) 0.51 (0.26-1.01) 

*Number of ischemic stroke patients. †Number of reperfusion therapy patients. ‡Reference 

category. 
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Figure1 

 


