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Background and purpose: Recent studies have revealed socioeconomic disparities in stroke outcomes. Here, we
investigated whether prehospital stroke care differs with respect to socioeconomic status (SES).

Methods: Consecutive stroke and TIA patients (n = 3006) admitted to stroke units at Sahlgrenska University
Hospital, Gothenburg, Sweden, from 1 November 2014 to 31 July 2016, were included. Data on prehospital care
were obtained from a local stroke register. Socioeconomic status was classified according to the average level of
income and education within each patient’s neighbourhood (postcode area).

Results: The median system delay from calling the emergency medical communication centre (EMCC) to start of
brain computed tomography on hospital arrival was 3 h 47 min (95% confidence interval (Cl) 3 h 30 min to 4 h 05
min) for patients within the lowest SES tertile and 3 h 17 min (95% Cl 3 h 00 min to 3 h 37 min) for the highest
tertile (p < 0.05). Patients with a lower SES were less likely to receive the highest priority in the ambulance (p < 0.05)
and had lower rates of prehospital recognition of stroke/TIA (p < 0.05) than those with a high SES. No inequities
were found concerning EMCC prioritisation or the probability of ambulance transport.

Conclusions: We found socioeconomic inequities in prehospital stroke care which could affect the efficacy of acute
stroke treatment. The ambulance nurses’ ability to recognise stroke/TIA may partly explain the observed inequities.
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Introduction

It is well known that socioeconomic status (SES) is a
major determinant of health, quality of life and mortal-
ity. Socioeconomic inequities relating to disability and
survival following stroke have been reported from
several studies, both between and within countries,
including high-income countries [1-8]. Inequities in
received stroke care have been shown throughout the
entire care chain [4, 6-12], including the probability of
receiving reperfusion therapy [4, 10-12]. These inequi-
ties may contribute to the observed disparities in stroke
outcome.

The time from stroke onset to hospital arrival is a
crucial factor for timely acute stroke treatment and it is
consequently a major determinant of stroke outcome.
Associations between SES and prehospital delay have
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been reported [9, 13-17], with a longer delay for
patients with a low SES, although some other studies
[18—23] found no association. Moreover, studies have
reported varying results relating to the probability of
ambulance use [9, 19, 24, 25] in different socioeco-
nomic groups, while prehospital priority levels and
prehospital recognition of stroke and TIA by ambu-
lance personnel have rarely been examined. The
evidence relating to the association between SES and
system delay is therefore inconclusive and knowledge of
the underlying causes of a prolonged delay in more
disadvantaged populations is lacking.

In this study, we aimed to investigate the association
between neighbourhood SES and system delay in the
early chain of care for stroke and TIA. In a second step,
we studied factors contributing to system delay, includ-
ing ambulance use, prioritisation by the emergency
medical communication centre (EMCC) and in the
ambulance and prehospital recognition of stroke and
TIA by the ambulance personnel.
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Methods

Study population

In this study, we included all patients who had received
care for stroke (defined as ICD-10 codes 161, 163 or 164)
or TIA (defined as ICD-10 code G45) at stroke units at
Sahlgrenska University Hospital, Gothenburg, Sweden,
between 1 November 2014 to 31 July 2016, and had a
postcode of residence within the catchment area of the
hospital at diagnosis. Sahlgrenska University Hospital
consists of three different hospitals; Sahlgrenska Hos-
pital, Mélndal Hospital and Ostra Hospital, all with their
own stroke units. The catchment area of Sahlgrenska
University Hospital comprises five municipalities with a
total of about 700,000 inhabitants. All patients suffering
a suspected stroke or TIA in these municipalities receive
hospital care at Sahlgrenska University Hospital, accord-
ing to regional guidelines.

Variables

Viststroke is a local stroke register reflecting care
throughout the entire care chain for all stroke and TIA
patients who have been hospitalised at stroke units at
Sahlgrenska University Hospital. The register comple-
ments the Swedish Stroke Register (Riksstroke) with fur-
ther details covering the chain of care among patients
suffering a stroke/TIA that are not reported in Riks-
stroke. One example is various aspects of the prehospital
chain of care. For this study, data on age, sex, diagnosis
of stroke or TIA, postcode of residence, date of stroke
or TIA onset, date and time of calling the EMCC, prior-
ity given by the EMCC, ambulance transport, priority in
the ambulance, prehospital recognition of stroke or TIA
by the ambulance personnel and date and time for the
start of the first brain CT scan on hospital arrival were
obtained from Viststroke.

Classification of socioeconomic status

We used neighbourhood-level SES, defined by a com-
bined measurement including average level of income
and education for the residents in each postcode number
within the primary catchment area of Sahlgrenska Uni-
versity Hospital. In addition to individual SES, evidence
indicates that the average level of SES within a person’s
neighbourhood is an additional and distinct predictor of
health [26, 27]. Data on levels of income and education
within each postcode area were obtained from Statistics
Sweden on 7 June 2016. The most recently completed
datasets were obtained, reflecting level of education
collected in 2015, while information on income was
collected for 2014. For education, data were collected
among citizens aged 25-64 years, while data on income
from employment were collected among those above 20
years of age. Level of education was defined as low, if
the highest completed education was elementary school
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or upper secondary school, while a high level of edu-
cation was defined as post-secondary education. In-
come was defined as low, if the income was less than
the average income in Sweden, and high, if above
average.

In all, the catchment area of Sahlgrenska University
Hospital included 588 postcode areas with between three
and 3294 inhabitants (mean 1188), where a minority of
the postcode areas had fewer than 100 inhabitants (n =
31). In the first step, the average levels of income and
education were examined separately for all postcode
areas in the catchment area of the hospital. The post-
code areas were ranked into deciles based on the pro-
portions of citizens with low and high levels of income/
education respectively, resulting in a total ranking from
2 to 20 for each of the two determinants of SES. A low
ranking indicated a large proportion of citizens with low
income/education and a small proportion with high in-
come/education within the postcode area and vice versa.
By combining the total ranking for the level of education
with the total ranking for the level of income, a com-
bined socioeconomic measurement ranging from 4 to 40
was obtained. In the next step, the combined socioeco-
nomic ranking was used to divide the postcode numbers
into tertiles and classify them as low SES (rank 4-17),
intermediate SES (rank 18-28) or high SES (rank 29—
40). In the last step, each patient was linked to the level
of SES of his/her own postcode of residence. In 2015,
702,091 people lived within the catchment area of Sahl-
grenska University Hospital, of which 241,324 (34.4%)
lived in a postcode area classified as having a low SES,
252,857 (36.0%) lived in neighborhoods with an inter-
mediate SES and 207,910 (29.6%) people lived in post-
code areas with a high SES.

Statistical methods

System delay, defined as the time interval between the
patient’s or a bystander’s alarm call to the EMCC and
start of the first performed brain CT scan on hospital
arrival, was calculated. Data on priority levels made by
the EMCC and in the ambulance were dichotomised so
that those who received the highest priority (priority 1)
formed one category and those with a lower priority the
other. In Sweden, the EMCC prioritize patients into one
of three priority levels based on the Swedish index for
emergency medical alarm reception. Priority 1 is given
to potentially acute life-threatening conditions, priority 2
to acute but not life-threatening conditions and priority
3 to conditions needing medical evaluation but where
equitable waiting time should not affect the outcome.
The dichotomization was done because Swedish guide-
lines state that patients with a suspected stroke or TIA
should be given priority 1 by the EMCC and in the
ambulance.
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The impact of SES on system delay was analysed
among patients who had been transported by ambu-
lance, using linear regression with a log-transformed
response. The estimated marginal means predicted by
the model were used to investigate the median system
delay in hours and minutes for each socioeconomic
group. The time variable was log-transformed using the
natural logarithm, before the linear regression was per-
formed because of its non-normal distribution, resulting
in the median system delay after calculating the antiloga-
rithms of the estimated marginal means. Binary logistic
regression was used to investigate the associations be-
tween SES and prioritisation by the EMCC, ambulance
use, prioritisation in the ambulance and probability of
prehospital recognition of stroke/TIA. The results of
these analyses are presented as odds ratios (OR) and
95% confidence intervals (CI). Both univariable and mul-
tivariable analyses were performed for each outcome.
The multivariable analyses for system delay, prioritisa-
tion by the EMCC, ambulance use and prioritisation in
the ambulance were adjusted for age, sex, and stroke/
TIA, while the analysis of prehospital recognition of
stroke and TIA was adjusted for sex and age. Figure 1
shows a summary of the analysed components of delay
from EMCC call to performed CT scan. In all the ana-
lyses, a low SES was used as a reference. In addition, we
investigated whether there was an association between
SES and the different outcomes using the continuous or-
dinal SES scale (score 4—40). All the statistical analyses
were conducted using IBM SPSS Statistics 24. Statistical
significance was assumed at a p-value of < 0.05.

Results

During the study period, a total of 3524 patients were ad-
mitted to stroke units at Sahlgrenska University Hospital
with an event of stroke or TIA between 1 November 2014
and 31 July 2016. After the exclusion of patients whose
postcodes of residence were outside the catchment area of
the hospital, the final study population consisted of 3006
patients. Figure 2 shows a flowchart of the included
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patients. Of these, 1943 (64.6%) had contacted the EMCC
and were included in the analysis of prioritisation by the
EMCC, while 1882 (62.6%) had been transported by
ambulance to hospital and were included in the analyses
of system delay, prioritisation in the ambulance and prob-
ability of prehospital recognition of stroke or TIA. Table 1
shows the baseline characteristics of the study population.
Stroke was the discharge diagnosis in 2219 (73.8%) cases,
while 787 (26.2%) had a TIA as the cause of hospitalisa-
tion. In all, 1155 (38.4%) were classified as having a low
SES, 1088 (36.2%) an intermediate SES and 763 (25.4%) a
high SES.

No statistically significant socioeconomic disparities
were found in terms of prioritisation at the EMCC, in
either univariable or multivariable analyses, regardless of
using the three ordinal categories or the continuous or-
dinal scale. Of the 1943 patients who had contacted the
EMCC, 1855 (95.5%) had registered data on priority re-
ceived. Of these, 1311 (70.7%) received the highest prior-
ity level. The multivariable adjusted OR for priority 1 at
the EMCC was 1.18 (95% CI 0.94-1.49) (p =0.151) for
patients with an intermediate SES, 1.23 (95% CI 0.95—
1.59) (p =0.122) for those with a high SES and a p-value
of 0.098 for the continuous SES-scale. Likewise, the
probability of arrival by ambulance on hospital was not
associated with socioeconomic status, in either univari-
able or multivariable analyses. The multivariable ad-
justed OR for ambulance transport was 0.96 (95% CI
0.80-1.15) (p =0.639) among patients living in postcode
areas with an intermediate SES, 0.92 (95% CI 0.76-1.12)
(p=0.399) for those with a high SES and p=0.270 for
the continuous SES scale.

In all, 1786 (94.9%) of the 1882 patients who had been
transported by ambulance had registered data on both
the time of EMCC call and the time of the start of brain
CT scan on hospital arrival. Socioeconomic inequities
were observed with respect to system delay in both
univariable and multivariable analyses, see Fig. 3. In the
univariable analysis, patients with a low SES had a
median system delay of 3 h 25 min (95% CI 3h 11 min-3

-

Recognition Prioritisation in
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communication centre

Fig. 1 Flowchart describing the pathway from EMCC call to start of brain CT scan on hospital arrival. EMCC indicates emergency medical
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Patients hospitalised at stroke units at
SU with disease onset between
1 November 2014 and 31 July 2016.

communication centre

n=3,524
Excluded patients, n=518
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outside the primary <
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n=518
v
Final study population
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v
Called the EMCC
n=1,943

Fig. 2 Flowchart describing the selection of included patients. SU indicates Sahlgrenska University Hospital. EMCC indicates emergency medical

Transported by ambulance
n=1,882

Table 1 Baseline characteristics of the study population

Variable Total study population (n =3006)
Age (mean £ SD) 754+13.1

Female sex, n (%) 1479 (49.2)

Low SES, n (%) 1155 (384)

Intermediate SES, n (%) 1088 (36.2)

High SES, n (%) 763 (25.4)

Stroke, n (%) 2219 (73.8)

Contacted EMCC, n (%) 1943 (64.6)

Transported by ambulance, n (%) 1882 (62.6)

SES indicates socioeconomic status and EMCC indicates emergency medical
communication centre

h 40 min), those with an intermediate SES 3h 22 min
(95% CI 3h 08 min-3h 38 min) (p=0.811) and those
with a high SES 3h 02 min (95% CI 2h 47 min-3h 19
min) (p = 0.043). There was also a significant association
with the continuous SES scale (p =0.034). After adjust-
ments for sex, age and stroke or TIA as the discharge
diagnosis, patients with a low SES had a median system
delay of 3h 47min (95% CI 3h 30 min-4h 05 min),
those with an intermediate SES 3 h 40 min (95% CI 3 h
23 min-3h 59 min) (p =0.570), patients living in post-
code areas with a high SES 3h 17 min (95% CI 3h 00
min-3h 37 min) (p=0.015), while the p-value for the
continuous scale was 0.009.

Of the 1882 patients who had been transported by am-
bulance to hospital, 1800 (95.6%) had registered data on
priority in the ambulance. Of these, 577 (32.1%) had been
regarded as priority 1, while 1223 (67.9%) had received a
lower priority. Priority in the ambulance showed a
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Fig. 3 Univariable and multivariable adjusted median system delay (hours:minutes from calling EMCC to start of brain CT scan on hospital arrival)
with 95% confidence intervals depending on socioeconomic status. The multivariable analysis was adjusted for sex, age and stroke or TIA as the
discharge diagnosis. SES indicates socioeconomic status. * p-value < 0.05
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significant association with the continuous SES scale, in
both univariable and multivariable analysis (p = 0.032 and
p =0.005 respectively). As shown in Table 2, in the univari-
able analysis, a statistically significant difference in the
probability of receiving the highest priority was observed
between the lowest and the highest SES groups. After ad-
justment, a socioeconomic gradient was found, where the
probability of being given priority 1 increased as the level of
SES became higher.

In all, 1789 (95.1%) of the 1882 patients who had been
transported by ambulance had registered data on whether a

stroke or TIA had been recognised by the ambulance
personnel. A stroke or TIA had been recognised in 1363
(76.2%) cases, while 426 (23.8%) remained unrecognised
until hospital arrival. In both univariable and multivariable
analyses of the three ordinal categories of SES, the ambu-
lance personnel recognised stroke and TIA to a significantly
greater extent in patients with a high SES compared with
those with a low SES, see Table 3. However, when using the
continuous SES scale, the association did not reach the
level of statistical significance (p =0.065 and p =0.066 for
univariable and multivariable analyses respectively).

Table 2 Odds ratios and 95% confidence interval for receiving priority 1 in the ambulance

Socioeconomic status Odds ratio (95% Cl) p-value Adjusted odds ratio (95% Cl) p-value
Low (ref) 1.00 1.00

Intermediate 1.20 (0.95-1.50) 0.129 1.27 (1.01-1.62) 0.043

High 1.31 (1.02-1.69) 0.036 143 (1.10-1.87) 0.008

Multivariable analysis adjusted for sex, age and stroke/TIA
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Table 3 Odds ratio and 95% confidence intervals for prehospital recognition of stroke or TIA by the ambulance personnel
Socioeconomic status Odds ratio (95% Cl) p-value Adjusted odds ratio (95% Cl) p-value
Low (ref) 1.00 1.00

Intermediate 1.07 (0.84-1.37) 0.589 1.08 (0.84-1.38) 0.567
High 1.45 (1.08-1.94) 0013 144 (1.08-1.93) 0014

Multivariable analysis adjusted for age and sex

Discussion

In this study, we found socioeconomic inequities in pre-
hospital stroke care. Patients living in postcode areas
with a lower SES had a prolonged median system delay,
a lower probability of receiving the highest priority in
the ambulance and their diagnoses were less frequently
recognised by the ambulance personnel as compared to
those with a higher SES. No socioeconomic disparities
were found in terms of the probability of ambulance
transport or the prioritisation by the EMCC.

Patients with a low SES had a 30-min longer median
system delay than those with a high SES. This delay
could potentially affect the efficacy of acute stroke treat-
ments and subsequently contribute to socioeconomic
disparities in stroke outcomes [28, 29]. Three other stud-
ies [15, 18, 19] have designs similar to ours, investigating
median time spans in the acute stroke care chain de-
pending on SES. Two of them [18, 19], both comprising
patients during the late 1990s, found no or only small
clinically relevant socioeconomic disparities in prehospi-
tal delay. On the other hand, a Canadian study published
in 2012 [15] found that patients with a low income had
more than a one-hour longer median delay from stroke
onset to hospital arrival than those with a high income.
Other studies have used cut-off times to define delay. The
most commonly used are hospital arrival beyond three or
six hours from stroke onset, in which some studies have
observed socioeconomic inequities [9, 14, 16, 17], while
others have not [20, 22, 23]. One study [13] found socio-
economic disparities in prehospital delay when using two
hours as the cut-off, while another study [21] reported no
such disparities.

The inconsistent observations in these studies might
be a result of differences in the definitions of SES, delay,
study design and differences in social structures and
welfare systems between the countries in which the
research has been conducted. Many studies have approx-
imated SES by using single SES indicators such as
income or education alone. However, evidence from the
literature indicates that SES is a complex measurement
comprising a combination of social factors [27]. For
example, education and income are not interchangeable,
hopefully making a combination of the two a stronger
indicator of SES than using only one of the variables
[27]. Furthermore, neighbourhood SES might influence
health and received care in ways other than the

individual socioeconomic position [27]. In addition,
divergent findings between older and more recent stud-
ies could be partly explained by changes in the guide-
lines for acute stroke care, as Alteplase was licensed for
the treatment of acute stroke in the United States in
1996, in Canada in 1999 and in Europe in 2002 [29]. In
line with Link and Phelan’s fundamental cause theory,
there might be social inequalities in access to the newest
and most modern treatments, where patients with a
higher SES are more able to take advantage of the inno-
vations, thereby resulting in increasing disparities over
time [30].

Our findings also provide indications of possible con-
tributory factors to socioeconomic inequities in system
delay. Prehospital recognition of stroke and TIA, high
prehospital priority levels and activating stroke alerts are
fundamental to reducing delay and improving reperfu-
sion rates [9, 20]. To the best of our knowledge, there
are no previous studies analysing the association
between SES and prehospital priority levels. In our
study, a socioeconomic gradient was observed, showing
that the probability of receiving priority 1 in the ambu-
lance decreased as the level of SES became lower. On
the other hand, the level of SES was not associated with
prioritisation by the EMCC. One possible explanation is
that the EMCC generally gave the patients a higher pri-
ority than the ambulance personnel. Our findings of a
lower probability of prehospital recognition of stroke
and TIA among patients with a lower SES may poten-
tially contribute to lower prioritisation both in the am-
bulance and in hospital and consequently prolonged
system delay.

The socioeconomic inequities with respect to priority
in the ambulance and recognition of stroke and TIA
could be a result of discrimination. However, it is likely
that factors other than those included in this study also
affect received prehospital stroke care. Differences in the
delay from symptom onset to calling the EMCC between
socioeconomic groups could be one explanation. If the
time from stroke onset exceeds the window of time for
reperfusion therapy, this could contribute to lower
prioritisation in the ambulance. Another explanation
could be differences between the SES groups in their
way of communicating their symptoms, which might
facilitate or complicate prehospital recognition of stroke
and TIA by the ambulance personnel. Differences in
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ethnicities and proportions of non-Swedish speaking
residents between the SES-groups might be another
contributory factor, as it has been shown to influence
received stroke care in some studies [9].

Regardless of its causes, awareness of the existence of
socioeconomic inequities in prehospital stroke care is
one of the first steps in the work towards reducing these
disparities. Another important intervention would be to
improve stroke knowledge and awareness of the poten-
tial of conscious and unconscious bias. An improved
ability to recognise stroke symptoms and atypical stroke
presentations among medical personnel would be bene-
ficial to all social groups and lower socioeconomic
groups would probably benefit the most. Spreading
knowledge of stroke/TIA in the general population
might also be an important step to reduce prehospital
delay. It has been shown that stroke knowledge is lower
in more disadvantaged social groups [31-33]. In this
study, 64.6% of stroke and TIA patients contacted the
EMCC and 62.6% were transported by ambulance to the
hospital, a result that might reflect a general low know-
ledge of stroke and TIA in the society. Nevertheless, the
result is fully in line with the annual report for 2016
from the Swedish Stroke Register (Riksstroke), reporting
that 72% of stroke patients and 54% of TIA patients
were transported by ambulance to hospital. Previous
studies, conducted both in Sweden [9, 34] and abroad
[18, 19], has shown a wide range in the use of emer-
gency services among stroke and TIA patients, ranging
from 35 to 76%.

The study has some strengths and some limitations.
Data were retrieved from the local quality register Vast-
stroke and comprised all the patients with a stroke or
TIA diagnosis that had been hospitalised at stroke units
at Sahlgrenska University Hospital and lived in the
primary catchment area of the hospital. During the study
period, almost all (>95%) hospitalised stroke patients at
Sahlgrenska University Hospital were admitted to a
stroke unit according to the Swedish Stroke Register
(Riksstroke). As a result, no exclusion was made based
on social characteristics, resulting in a large unselected
study population, reflecting the true socioeconomic di-
versity among hospital-treated stroke patients. Our study
was a single-centre study, which eliminated the influence
of socioeconomic disparities on access to highly specia-
lised hospitals and differences in prehospital stroke care
between university and non-university hospitals. On the
other hand, the single-centre study design could influ-
ence the heterogenicity in the study population and thus
limits the generalisability of the results. We chose to
study the time from EMCC call to start of brain CT scan
on hospital arrival, as it reflects the complete care chain
from the patient’s or a bystander’s decision to seek med-
ical care until potential acute treatments can be initiated.
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To the best of our knowledge, socioeconomic disparities
in this time span have not previously been studied. De-
lays from hospital arrival to CT scan have previously
been observed [4], which contributes to delays until the
administration of acute treatments and it is important to
include this in studies of this kind. Another strength of
this study is the inclusion of both stroke and TIA pa-
tients. It is likely that some patients who received TIA
as a discharge diagnosis had ongoing stroke symptoms
during ambulance transportation and were candidates
for admission as stroke alerts and then fully recovered
after thrombolysis. However, we do not have data on the
proportion of hospitalised TIA patients admitted to
stroke units during the study period. According to re-
gional guidelines, all TIA patients should be admitted to
stroke units. As access to stroke unit care has been re-
ported to be lower for groups with a low SES [35, 36], a
potential selection bias would, if anything, result in an
underestimation of the association between our mea-
surements of prehospital care and SES. One limitation
of this study was that only the date and not the time of
stroke onset is recorded in the register. We were there-
fore unable to adjust for patients’ or bystanders’ delay in
contacting the EMCC. However, reliable information on
the exact time of stroke onset is difficult to obtain in un-
selected stroke populations. Neither did we have infor-
mation on the distance between the ambulance stations
and the patients’ locations at the time of disease onset,
as the actual driving time might influence system delay.
However, there are several ambulance stations and three
different hospitals included in the catchment area of the
Sahlgrenska University Hospital which should reduce
such disparities. In addition, the differences in prioritisa-
tion in the ambulance and prehospital recognition of
stroke/TIA are not explained by differences in driving
distance. Another limitation might be that SES was ap-
proximated by linking the patients to the average level of
SES within their postcode areas, as not all citizens within
a neighbourhood have the same level of income and edu-
cation. However, one great strength in our approximation
of SES is the inclusion of both income and education in a
combined measurement, better reflecting the complexity
of SES than the use of single variables [27].

Conclusions

This study shows that socioeconomic inequities exist in
prehospital stroke care in Sweden. Patients with a lower
SES have a 30-min longer delay from EMCC call to the
start of brain CT scan on hospital arrival compared with
patients with a high SES, a clinically significant delay
that may potentially affect the efficacy of acute stroke
treatment. The ambulance personnel’s ability to recog-
nise stroke and TIA might be an important underlying
factor for the observed socioeconomic disparities in
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prehospital stroke care, resulting in lower prioritisation
in the ambulance and consequently prolonged system
delay. Taken as a whole, these findings might contribute
to previously observed socioeconomic disparities in
stroke outcomes and are important targets for improve-
ments aimed at realising the goal of delivering the best
stroke care for all patients on equal grounds.

Abbreviations

Cl: Confidence interval; CT: Computed tomography; EMCC: Emergency
medical communication centre; OR: Odds ratio; SES: Socioeconomic status;
TIA: Transitory ischaemic attack

Acknowledgements

The authors thank the Vaststroke collaboration and research nurses Linda
Alsholm, Hengame Kazemi, Eva Axelsson, Matilda Errind Arvgérd and Virginia
Villarreal Calvo for excellent work with the Vaststroke register. We also thank
Madeleine Retamales Toro Gliicksman at the Unit of Health Metrics, the
Sahlgrenska Academy at the University of Gothenburg, for statistical advice.

Funding

This study was supported by the Stroke Centre West, the Swedish State
under the ALF agreement (ALFGBG-720211), Region Vdstra Gotaland, Rune
and Ulla Amlov's Foundation for Neurological Research, John and Brit
Wennerstrém'’s Foundation for Neurological Research, the Gothenburg
Foundation for Neurological Research, Peter Eriksson’s Foundation and Erik
and Lily Philipson’s Foundation. The funding bodies did not have any role in
the design of the study, data collection, analysis, interpretation or writing of
the manuscript.

Availability of data and materials

Anonymised data analysed for the current study will be shared if a
reasonable request is made by a qualified investigator to the corresponding
author.

Authors’ contributions

AN: study concept and design, acquisition of data, analysis and interpretation
of data, drafting the manuscript. JH: study concept and design, critical
revision of manuscript for intellectual content, study supervision. KJ: study
concept and design, analysis and interpretation of data, critical revision of
manuscript for intellectual content, study supervision. All authors read and
approved the final manuscript.

Ethics approval and consent to participate

The study was approved by the regional ethical review board in
Gothenburg, Sweden (284-17 and T1146-17). Since only observational data
were collected, written informed consent was not required according to
national law.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Institute of Neuroscience and Physiology, Department of Clinical
Neuroscience, The Sahlgrenska Academy, University of Gothenburg, Bla
Straket 7, plan 3, SE-413 45 Gothenburg, Sweden. *PreHospen — Centre for
Prehospital Research, Faculty of Caring Science, Work Life and Social Welfare,
University of Boras, Bords, Sweden.

(2019) 27:53 Page 8 of 9

Received: 17 February 2019 Accepted: 17 April 2019
Published online: 02 May 2019

References

1. Lindmark A, Glader EL, Asplund K, Norrving B, Eriksson M. Socioeconomic
disparities in stroke case fatality--observations from Riks-stroke, the Swedish
stroke register. Int J Stroke. 2014;9(4):429-36.

2. Brown AF, Liang LJ, Vassar SD, Merkin SS, Longstreth WT Jr, Ovbiagele B, et
al. Neighborhood socioeconomic disadvantage and mortality after stroke.
Neurology. 2013;80(6):520-7.

3. Chen R, McKevitt C, Rudd AG, Wolfe CD. Socioeconomic deprivation and
survival after stroke: findings from the prospective South London stroke
register of 1995 to 2011. Stroke. 2014:45(1):217-23.

4. Bray BD, Paley L, Hoffman A, James M, Gompertz P, Wolfe CDA, et al.
Socioeconomic disparities in first stroke incidence, quality of care, and
survival: a nationwide registry-based cohort study of 44 million adults in
England. Lancet Public Health. 2018;3:e185-e193.

5. Andersen KK, Dalton SO, Steding-Jessen M, Olsen TS. Socioeconomic
position and survival after stroke in Denmark 2003 to 2012: nationwide
hospital-based study. Stroke. 2014;45(12):3556-60.

6. Langagergaard V, Palnum KH, Mehnert F, Ingeman A, Krogh BR, Bartels P, et
al. Socioeconomic differences in quality of care and clinical outcome after
stroke: a nationwide population-based study. Stroke.
2011;42(10):2896-902.

7. Marshall 1J, Wang Y, Crichton S, McKevitt C, Rudd AG, Wolfe CD. The effects
of socioeconomic status on stroke risk and outcomes. Lancet Neurol.
2015;14(12):1206-18.

8. Addo J, Ayerbe L, Mohan KM, Crichton S, Sheldenkar A, Chen R, et al.
Socioeconomic status and stroke: an updated review. Stroke. 2012;43(4):
1186-91.

9. Eriksson M, Glader EL, Norrving B, Stegmayr B, Asplund K. Acute stroke alert
activation, emergency service use, and reperfusion therapy in Sweden. Brain
Behav. 2017;7(4):e00654.

10. Stecksen A, Glader EL, Asplund K, Norrving B, Eriksson M. Education level
and inequalities in stroke reperfusion therapy: observations in the Swedish
stroke register. Stroke. 2014;45(9):2762-8.

11. Kimball MM, Neal D, Waters MF, Hoh BL. Race and income disparity in
ischemic stroke care: nationwide inpatient sample database, 2002 to 2008.
J Stroke Cerebrovasc Dis. 2014;23(1):17-24.

12. Brinjikji W, Rabinstein AA, McDonald JS, Cloft HJ. Socioeconomic disparities
in the utilization of mechanical thrombectomy for acute ischemic stroke in
US hospitals. AJNR Am J Neuroradiol. 2014;35(3):553-6.

13. Rossnagel K, Jungehulsing GJ, Nolte CH, Muller-Nordhorn J, Roll S,
Wegscheider K, et al. Out-of-hospital delays in patients with acute stroke.
Ann Emerg Med. 2004;44(5):476-83.

14. Abilleira S, Lucente G, Ribera A, Permanyer-Miralda G, Gallofre M. Patient-
related features associated with a delay in seeking care after stroke.

Eur J Neurol. 2011;18(6):850-6.

15. Kapral MK, Fang J, Chan C, Alter DA, Bronskill SE, Hill MD, et al. Neighborhood
income and stroke care and outcomes. Neurology. 2012;79(12):1200-7.

16. losif C, Papathanasiou M, Staboulis E, Gouliamos A. Social factors influencing
hospital arrival time in acute ischemic stroke patients. Neuroradiology.
2012;54(4):361-7.

17. Yang H, Zhang J, Xie J, Yang C, Dong X, Gong Y, et al. Factors influencing
pre-hospital delay among acute ischemic stroke patients in the midlands of
China. Int J Cardiol. 2014;172(2):533-4.

18.  Kleindorfer DO, Lindsell CJ, Broderick JP, Flaherty ML, Woo D, Ewing |, et al.
Community socioeconomic status and prehospital times in acute stroke
and transient ischemic attack: do poorer patients have longer delays from
911 call to the emergency department? Stroke. 2006;37(6):1508-13.

19. Derex L, Adeleine P, Nighoghossian N, Honnorat J, Trouillas P. Factors
influencing early admission in a French stroke unit. Stroke. 2002;33(1):153-9.

20.  Mandelzweig L, Goldbourt U, Boyko V, Tanne D. Perceptual, social, and
behavioral factors associated with delays in seeking medical care in patients
with symptoms of acute stroke. Stroke. 2006;37(5):1248-53.

21, Morris DL, Rosamond W, Madden K, Schultz C, Hamilton S. Prehospital and
emergency department delays after acute stroke: the Genentech stroke
presentation survey. Stroke. 2000;31(11):2585-90.

22. JinH, Zhu S, Wei JW, Wang J, Liu M, Wu Y, et al. Factors associated with
prehospital delays in the presentation of acute stroke in urban China.
Stroke. 2012;43(2):362-70.



Niklasson et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine (2019) 27:53

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

Fang J, Yan W, Jiang GX, Li W, Cheng Q. Time interval between stroke onset
and hospital arrival in acute ischemic stroke patients in Shanghai, China.
Clin Neurol Neurosurg. 2011;113(2):85-8.

Schroeder EB, Rosamond WD, Morris DL, Evenson KR, Hinn AR.
Determinants of use of emergency medical services in a population with
stroke symptoms: the second delay in accessing stroke healthcare (DASH II)
study. Stroke. 2000;31(11):2591-6.

Chen NG, Hsieh MJ, Tang SC, Chiang WC, Huang KY, Tsai LK, et al. Factors
associated with use of emergency medical services in patients with acute
stroke. Am J Emerg Med. 2013;31(5):788-91.

Adler NE, Ostrove JM. Socioeconomic status and health: what we know and
what we don't. Ann N'Y Acad Sci. 1999;896:3-15.

Braveman PA, Cubbin C, Egerter S, Chideya S, Marchi KS, Metzler M, et al.
Socioeconomic status in health research: one size does not fit all. Jama.
2005;294(22):2879-88.

Saver JL, Fonarow GC, Smith EE, Reeves MJ, Grau-Sepulveda MV, Pan W, et
al. Time to treatment with intravenous tissue plasminogen activator and
outcome from acute ischemic stroke. Jama. 2013;309(23):2480-8.

Wahlgren N, Ahmed N, Davalos A, Ford GA, Grond M, Hacke W, et al.
Thrombolysis with alteplase for acute ischaemic stroke in the safe
implementation of thrombolysis in stroke-monitoring study (SITS-MOST): an
observational study. Lancet. 2007;369(9558):275-82.

Clouston SA, Rubin MS, Phelan JC, Link BG. A social history of disease:
contextualizing the rise and fall of social inequalities in cause-specific
mortality. Demography. 2016;53(5):1631-56.

Nordanstig A, Jood K, Rosengren L. Public stroke awareness and intent to
call 112 in Sweden. Acta Neurol Scand. 2014;130(6):400-4.

Ramirez-Moreno JM, Alonso-Gonzalez R, Peral Pacheco D, Millan-Nunez MV,
Roa-Montero A, Constantino-Silva AB, et al. Effect of socioeconomic level on
knowledge of stroke in the general population: a social inequality gradient.
Neurologia. 2016;31(1):24-32.

Sundseth A, Faiz KW, Ronning OM, Thommessen B. Factors related to
knowledge of stroke symptoms and risk factors in a norwegian stroke
population. J Stroke Cerebrovasc Dis. 2014;23(7):1849-55.

Wireklint Sundstrom B, Herlitz J, Hansson PO, Brink P. Comparison of the
university hospital and county hospitals in western Sweden to identify
potential weak links in the early chain of care for acute stroke: results of an
observational study. BMJ Open. 2015;5(9):e008228.

Glader EL, Edlund H, Sukhova M, Asplund K, Norrving B, Eriksson M.
Reduced inequality in access to stroke unit care over time: a 15-year follow-
up of socioeconomic disparities in Sweden. Cerebrovasc Dis.
2013;36(5-6):407-11.

Chen R, McKevitt C, Crichton SL, Rudd AG, Wolfe CD. Socioeconomic
deprivation and provision of acute and long-term care after stroke: the
South London stroke register cohort study. J Neurol Neurosurg Psychiatry.
2014;85(12):1294-300.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Abstract
	Background and purpose
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Study population
	Variables
	Classification of socioeconomic status
	Statistical methods

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

