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INTRODUCTION

Abstract

Background and purpose: Acute stroke treatment and secondary prevention have tre-
mendously improved functional outcomes after stroke. However, this does not always
imply a likewise improvement in health-related quality of life (HRQoL). Knowledge on
factors influencing HRQoL after stroke is still scarce, especially regarding social aspects
like the level of education and the presence of migration background.

Methods: In the present stroke cohort study, participants were interviewed during their
hospital stay and completed a postal questionnaire at 3 and 12months post stroke.
Functional outcomes were assessed by the modified Rankin Scale and HRQoL by eval-
uating the detailed Stroke Impact Scale (SIS). Logistic regression models were used to
determine associations between education, migration background and quality of life
end-points.

Results: A total of 945 (mean age 69 years; 56% male) stroke patients were enrolled. After
adjusting for confounders, a lower educational level was associated with worse functional
outcomes in the SIS domain ‘strength’ (odds ratio 2.67, 95% confidence interval 1.6-4.4,
p <0.001). Migration background was associated with worse outcomes in the SIS domain
‘emotion’ (p =0.007, odds ratio 1.71, 95% confidence interval 1.2-2.5). Additionally, for
female patients worse HRQoL outcomes were found in multiple other SIS domains.
Conclusions: Migration background and a lower educational level were significantly as-
sociated with lower long-term HRQolL after stroke. These aspects should be considered

in targeted rehabilitation programmes and follow-up support of stroke patients.
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outcomes. Stroke outcomes are usually evaluated by the National
Institutes of Health Stroke Scale (NIHSS) and modified Rankin Scale

Stroke is a major cause of disability worldwide and accounted for
143 million disability-adjusted life years in 2019 [1]. Over the years,
acute stroke treatments, especially intravenous thrombolysis

and endovascular therapy, have significantly improved functional

(mRS). However, functional outcome measures mainly relate to ac-
tivities of daily life and provide only limited information about the
health status from the patient's perspective. Increasing evidence

shows that the degree of disability does not necessarily correlate
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with the health-related quality of life (HRQoL) [2]. Thus, stroke out-
come research has advanced to additionally include patient-reported
outcome measures (PROMs), which also comprise the patient's cog-
nitive and social functions and domains such as symptom burden
(e.g., fatigue) or emotional health (e.g., depression) in order to more
appropriately reflect HRQoL.

Recently published results from our stroke cohort showed a dis-
crepancy between good functional outcomes and nevertheless sig-
nificantly reduced HRQoL in the short- and long-term outcome [3].
Factors associated with reduced HRQoL after stroke include depres-
sion and fatigue [4], unemployment and an unmarried or unengaged
status [5]. Furthermore, a lower educational level showed an asso-
ciation with reduced HRQoL but to date has only been investigated
in low- to middle-income countries [6]. It remains unknown whether
the educational level is also relevant in high-income countries with
different social and occupational situations.

In times of globalization migration is increasing, especially in
Western societies. In 2020, 26.7% of the German population had
a migration background [7]; in the city of our study (Augsburg) the
share of the population with a migration background was even
higher at 46.8% in the same year [8]. Different cultural or religious
backgrounds influence disease concepts and coping strategies.
Nevertheless, the relevance of these factors and their potential
impact on HRQoL after stroke is unknown. Therefore, the influ-
ence of the education level and migration background on medium-
(3 months) and long-term (12months) outcomes including HRQoL

was investigated in a large prospective stroke cohort study.

MATERIALS AND METHODS
Study population, data collection and follow-up

The screening for the enrolment of patients included all adult pa-
tients who had been admitted with ischaemic or haemorrhagic
strokes as well as transient ischaemic attacks between September
2018 and November 2019 to the University Hospital of Augsburg,
Germany. A detailed description of enrolment, methods and con-
duction of interviews and follow-up data has been published else-
where [9]. In summary, trained study nurses prospectively recorded
all cases with a stroke. After having received written informed con-
sent, a baseline interview and chart review were conducted to as-
sess data on general biographic information, the diagnosis and its
details, laboratory findings, treatment and comorbidities. Postal
or telephone follow-up examinations were performed after 3 and
12months, with questions regarding various aspects such as life-
style, the current level of disability and PROMs using the Stroke
Impact Scale (SIS) (see Figure 1).

Outcomes

The patients' functional outcomes were measured using the NIHSS
(ranging from O to 42) [10] and the mRS [11], which were recorded at
admission and at discharge from hospital. Additionally, the mRS was

examined by postal follow-up questionnaires. The patient-reported

All adult patients with ischaemic or
haemorrhagic stroke admitted to
University Hospital of Augsburg; Sep
2018 —Nov 2019 (N = 2071)

Main reasons:

- Refusal to participate (N = 105)

Enrolment

- Inability to consent (N = 327)

- No contact before discharge (N = 398)

Baseline assessment (N = 945; 100%)

Loss to FU (N = 358)

Data analysis

Questionnaire 3 months (N = 587; 62%)

Follow-up

Loss to FU (N = 44)

Questionnaire 12 months (N = 534; 57%)

FIGURE 1 Consort chart of patient enrolment and follow-up
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outcome measures were recorded using the SIS [12, 13], which in-
cludes 64 items assessed in eight domains and one combined ninth
domain. Each domain has a score ranging from O to 100 (i.e., from
no to full recovery). Namely, the domains refer to strength, hand
function, activities of daily life, mobility, a physical domain, memory/
thinking, communication, emotion and participation. As an example,
the domain emotion evaluates predominant emotions within the
past week, whilst the domain strength enquires about the subjec-
tive strength of arm, hand, leg and foot. The SIS was assessed after
3months and again after 12months.

The validity and reliability of the used scores have been published
for the original and the German versions. The interrater reliability
(mean kappa) for the NIHSS was 0.80 and for the mRS 0.76 [14]. The
instrument reliability of the SIS (Cronbach alpha coefficients) ranged
from 0.83 to 0.90 [13].

The educational level was determined using the International
Standard Classification of Education (ISCED-97) using six categories.
To simplify analysis, the original six ISCED groups were reduced and
dichotomized into ‘basic education’ for those with ISCED levels 1 to
3 and ‘higher education’ for levels 4 to 6. The approach of grouping
ISCED was adapted from other publications [15].

According to the definition of the Federal Statistical Office of
Germany a migration background was assumed when either the pa-
tient himself/herself or at least one parent was born without German
citizenship [16]. For inferential statistical analysis only migration
background versus no migration background were differentiated.
Respective nationalities were only taken into account for descrip-
tive statistical analysis, and grouping was done whenever complete
information on the patient background was available. The groups
consist of EU 15 (countries before 2004, including Great Britain), EU
13 (those joined in 2004 and after), the remainder of the European
countries but not members of the EU (including Russia), Turkey, the
USA and other countries. Those with multiple family antecedents

were grouped into ‘other’.

Statistical analysis

Baseline characteristics are presented as mean+standard deviation
for normal distributed or median and 25th and 75th quartiles (Q25-
Q75) for non-normally distributed continuous variables. Categorized
variables are given as numbers (n) and percentages (%).

Data were checked for normal distribution using QQ plots,
Shapiro-Wilk and Kolmogorov-Smirnoff tests. Medians were
compared by Mann-Whitney U test, means by t test. Categorical
data were compared by chi-squared test or Fisher's exact test.
For matched-pairs analysis of non-normally distributed variables,
Wilcoxon matched-pairs test was used.

Logistic regression analyses were conducted with the domains
of SIS as outcome. For this analysis the SIS outcomes were di-
chotomized into groups above and below the respective median.
Independent variables of interest were migration background and
basic education.

The models were adjusted for age, sex, body mass index (BMI)
and family status. Furthermore, in the models with educational level
migration background was also adjusted for, but not vice versa. A
p value <0.05 was considered as statistically significant. Statistical
analysis was conducted using SPSS software, version 28.0.1.0.

RESULTS
Study population at baseline

Our study included 945 consecutive patients. Their baseline char-
acteristics are shown in Table 1. Women had a worse mRS at admis-
sion (2.45+1.52 vs. 2.20+1.48; p = 0.012), which did not persist at
discharge (1.38+1.46 vs. 1.34 +1.41; p = 0.662). The NIHSS was not
associated with sex, either at admission or at discharge. Regarding
basic and higher educational levels there was also a statistically
significant difference between mRS at admission (2.34+1.5 vs.
2.08+1.45; p = 0.045), which was no longer the case at discharge.
Again, the NIHSS in these subgroups did not differ, either at admis-
sion or at discharge. Patients with or without migration background
did not differ significantly in their mRS at discharge, or NIHSS at
both timepoints. For subgroup analyses of grouped migration back-
grounds, only one group of patients from EU 13 countries had suffi-
cient statistical power for comparison but showed no differences in
functional outcomes such as mRS and NIHSS either at admission or
discharge compared to patients without migration background (see
Table S1). The educational level was not significantly associated with
migration background.

Follow-up after 3 and 12 months

Considering baseline parameters only sex had a significant impact.
Women had a worse mRS at admission, but this finding did not per-
sist at all other timepoints including discharge from hospital and the
follow-ups at 3 (p = 0.73) and 12 months (p = 0.697).

Regarding functional outcomes, patients reported a median mRS
outcome of 1 both after 3 and after 12months (median 1 (0-2) vs.
1 (0-2), p = 0.83). Almost no changes were observed for all SIS do-
mains between 3 and 12months (see Table S2). Therefore, further
analysis focused on the long-term outcome after 12 months.

A migration background was not associated with significant dif-
ferences of functional outcomes, either after 3months (p = 0.138) or
after 12months (p = 0.489). Patients with a lower educational level
had no different functional outcomes after 3months (p = 0.509) but
worse outcomes after 12months (p = 0.013).

Men had a significantly better outcome in the domains ‘activ-
ities of daily life’ (p = 0.001), ‘hand function’ (p<0.001), ‘mobility’
(p = 0.027) and in the combined ‘physical’ domain (p = 0.025; see
Table S3). Patients without a migration background had a signifi-
cantly better outcome in the domain ‘emotion’ compared to those
with migrant background (p = 0.017; see Table 2). Furthermore,
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TABLE 1 Baseline characteristics given as numbers, mean (+SD) or median (IQR) and numbers (%)

Characteristics Total study population Migration background Basic education
Age (valid) 929 274 602
M; SD 69.3;13.1 66;12.8 68.8;13.3
>80 188 (20) 37 (14) 111 (18)
40-80 719 (77) 228 (83) 475 (79)
<40 22(2) 9(3) 16 (3)
Sex (valid) 945 274 602
Female 414 (44) 130 (47) 284 (47)
Male 531 (56) 144 (53) 318 (53)
Stroke type (valid) 945 274 602
Ischaemic stroke 908 (96) 257 (94) 576 (96)
Intracerebral haemorrhage 34 (4) 15 (5) 24 (4)
Subarachnoid haemorrhage 3(<1) 2(<1) 2 (<1)
Stroke aetiology (valid) 873 245 552
Macroangiopathy 223 (26) 60 (24) 153 (28)
Microangiopathy 163 (19) 52 (21) 105 (19)
Cardiogenic 219 (25) 50 (20) 140 (25)
Cryptogenic 247 (28) 78 (32) 144 (26)
Other 21(2) 5(2) 10 (2)
NIHSS (valid)
At admission 928;2(0-3) 265;2(0-3) 590; 2 (0-4)
At discharge 834; 0 (0-4) 245;0(0-2) 530; 0 (0-2)
mRS (valid)
At admission 931; M 2.31 (1.5) 266, M 2.28 (1.47) 591; M 2.34 (1.5)
At discharge 930; M 1.36 (1.43) 269; M 1.25 (1.37) 592; M 1.34 (1.4)
ISCED (valid) 785 274 602
Primary 5(<1) 4 (1) 5(<1)
Lower secondary 87 (11) 43 (16) 87 (14)
Upper secondary 510 (65) 164 (60) 510 (85)
Post-secondary, non-tertiary 47 (6) 22 (8) 0
First stage of tertiary 136 (17) 41 (15) 0
Second stage of tertiary 0 0 0
Migration background (valid) 783 600
No migration background 509 (65) 389 (65)
Migration background 274 (35) 211 (35)
Migration background grouped (valid) 255
EU (before 2004, including Great Britain) 33(13)
Remainder EU (after 2004) 79 (31)
Europe (non-EU, including Russia) 22(9)
Turkey 12(5)
USA 3(1)
Other 106 (42)

Abbreviations: IQR, interquartile range; ISCED, International Standard Classification of Education; M, mean; mRS, modified Rankin Scale; NIHSS,
National Institutes of Health Stroke Scale.

higher educated patients had better outcomes in the domains ‘hand see Table 3) compared to less educated patients. The further sub-
function’ (p = 0.041), ‘participation’ (p = 0.036), ‘strength’ (p <0.001), group analysis of patients with migration background from EU 13
‘mobility’ (p = 0.02) and in the combined ‘physical’ domain (p = 0.003; countries did not show significant differences in any domain.
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Migration back 4 No migration back g TABLE 2 Patient-reported outcomes
Igration backgroun 0 migration backgroun with and without migration background
SIS domain n(valid) M(Q1-Q3) n(valid) M (Q1-Q3) p
ADL 166 93.75 (80.73-100) 329 93.75 (83.33-100) 0.77
Emotion 167 72.22(61.11-86.11) 332 80.56 (66.67-88.89) 0.017
Memory 164 90.63 (75.78-100) 330 90.63 (81.25-100) 0.32

Hand function 152 90.00 (70.00-100) 291

Communication 165 96.43 (85.71-100) 329

Participation 156 83.85 (58.59-100) 321
Strength 147 75.00 (56.25-87.50) 274
Mobility 164 92.50 (75.00-100) 332
Physical 166 89.52(74.14-96.77) 330

95.00 (75.00-100) 0.23
92.86 (85.71-100) 0.84
88.89 (66.67-100) 0.09
75 (62.50-93.75) 0.20
92.50(77.50-100) 0.64
90.91(78.88-96.77)  0.26

Abbreviations: ADL, activities of daily life; M, mean; Q, quartile; SIS, Stroke Impact Scale.

Basic education

Higher education

TABLE 3 SIS outcomes with basic and
higher education

SIS domain n(valid M(Q1-Q3) n(valid) M (Q1-Q3) p

ADL 378 93.75 (79.17-100) 118 95.83 (85.42-100) 0.06
Emotion 378 77.78 (63.89-88.89) 122 80.56 (65.97-88.89) 0.62
Memory 378 90.63 (78.13-100) 117 93.75(81.25-100) 0.10

(
Hand function 340 90.00 (70.00-100) 104
(

Communication 377 96.43 (85.71-100) 118

100 (75.00-100) 0.041
96.43 (85.71-100) 0.54

Participation 361 87.50 (61.11-100) 117 94.44 (69.44-100) 0.036
Strength 320 75.00(56.25-81.25) 101 75.00 (68.75-100) <0.001
Mobility 377 92.50(75.00-100) 120 95.00 (84.53-100) 0.02

Physical 379 90.32(75.00-96.77) 118 93.93(80.74-99.19) 0.003

Abbreviations: ADL, activities of daily life; M, mean; Q, quartile; SIS, Stroke Impact Scale.

After adjusting for the confounders age, BMI, sex, marital status
and migration background by logistic regression analyses a signif-
icant association between a lower educational level and the out-
come ‘strength’ in the SIS domain persisted (odds ratio 2.67, 95%
confidence interval 1.6-4.4, p<0.001). Migration background was
significantly related to the domain ‘emotion’ (odds ratio 1.71, 95%
confidence interval 1.2-2.5, p = 0.007; see Figure 2).

DISCUSSION

In the present study a significant correlation between the patients'
educational status, migration background and HRQolL after stroke
was found.

The educational level of patients in the present study was an
independent predictive factor for functional outcome and quality
of life. It was associated with a worse mRS at admission and after
12months, an observation that was also found in another stroke
patient collective [17]. A low socioeconomic status, which is asso-
ciated with a low educational level [18], is known to increase the
cardiovascular risk and incidence of cardiovascular diseases [19]. In
the present study a lower educational level had a significant impact
on multiple SIS domains and a negative impact on HRQoL. Similar

results have been described in heart failure patients where HRQoL
was diminished with lower educational levels. These patients had
increased needs of care but less social support [20]. Nevertheless,
after consideration of confounding variables like sex, age, BMI, mar-
ital status and migration background only the SIS domain ‘strength’
remained significantly reduced. Since this domain captures the sub-
jective function of the extremities it needs to be considered that
a correlation with more severe functional deficits is possible. This
assumption is further supported by a worse mRS score at admis-
sion in this subgroup. As it is known that stroke severity does not
necessarily define HRQoL [3], it can be hypothesized that physical
inabilities might impact quality of life even more in patients with a
lower educational level.

In the present cohort, a migration background was present in
35% of patients. Of those, a background out of EU 13 was the larg-
est group (31%). Although a link between migration background
and lower educational levels is reported [21], this connection was
found to be non-significant in our study. Correspondingly, patients
with a migration background showed different results from those
with lower educational levels. There was no association of migration
background with different functional outcomes, either at baseline
or at follow-up. Nevertheless, it had a significant impact on HRQoL
with negative effects on the SIS domain ‘emotion’. This domain
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Lower educational background Migration background
Participation — Participation —t—
Physical domain —— Physical domain —t—
Mobility e Mobility ———i
Emotion —— Strength L 2
Communication ——i Communication 1
Handfunction H—————i Handfunction L
Memory H—— Memory R e |
ADL —to— ADL L
Strength * Emotion ®
0 1 2 3 a 5 0 1 2 3

FIGURE 2 Odds ratio, SIS domains in their relation to the educational and migration background. SIS, Stroke Impact Scale

reflects the emotional stability and patient-inherent abilities to cope
with a disease. A potential explanation could be that migrants less
often use rehabilitation offers [22], which can be associated with
lower information availability due to language barriers and with con-
cerns that cultural differences might not be fully understood [23].
As language skills were not enquired about, this aspect could not
be investigated in the present study population. In other healthcare
issues cultural differences and ethnicity have already been shown to
be associated with different disease coping strategies, perception of
stress and the use of family support [24, 25]. The dichotomization
into an existing or non-existing migration background oversimplifies
a complex mixture of different countries and cultural backgrounds
also in the present cohort. Our attempt to further subgroup migra-
tion backgrounds did not yield significant results due to small sub-
group numbers or because the predominant background from EU 13
countries was not the subgroup that caused the significant results.
Another important aspect are potential differences between the
first or second migration generation relating to the degree of social
integration and language competence.

Sex is a decisive factor influencing stroke severity, functional
outcome and quality of life after stroke. This could also partly be
reproduced in the present cohort, with women having lower mRS
values at the timepoint of admission. This effect was restricted
to the mRS with NIHSS values not being statistically different.
Although the effect was statistically significant, the average dif-
ference of 2.45 versus 2.2 points was quite low and the question
of clinical significance remains. Although women had more func-
tional impairments and reported worse outcomes in multiple SIS
domains both in the present study and in the literature [26, 27],
this factor was not associated with the influence of education

and migration background on HRQolL after stroke in the present
analysis.

Disease-modifying programmes in stroke were the aim of inten-
sive research during the last few years [28, 29]. These programmes
are focused on intensive treatment of cardiovascular risk factors to
prevent further strokes. The present results underline the need for
early screening and identification of additional risk factors like edu-
cational level and migration background that have a negative impact
on HRQoL. As a consequence, targeted interventions and tailored
stroke rehabilitation programmes could be helpful to improve qual-
ity of life outcomes. For example, smoking cessation is known to be
less successful in low socioeconomic status but can be improved by
using an internet-based intervention programme especially directed
at this subgroup [30].

Strengths and limitations

The combination of long-term follow-up datain a large prospective
stroke cohort, examining PROMs alongside much other detailed
information on the patients' biographical and medical data, is a
major strength of the study. SIS is a stroke-specific questionnaire,
examining various aspects of the individual outcome, allowing
analysis of HRQolL in detail. On the other hand, its stroke speci-
ficity does not allow a direct comparison with HRQoL measures
in other diseases. The overlap of the SIS domain ‘strength’ with
functional outcome measures impedes interpretation. Despite our
large cohort, 46% of patients were not included, for example due
to refusal to participate (5%) or inability to consent (16%). Of the
included patients, 38% were lost to follow-up before 3 months and
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a further 7% of the remaining before 12 months. This represents a
potential selection bias, but was partly addressed by checking for
stroke severity differences, that is, associations between mRS and
NIHSS with migration or educational backgrounds. Since 17% of
patients did not provide information about their educational level
and their nationality, some statistical effects might not have be-
come significant.

Migration background is a very wide ranging concept with rele-
vant differences in cultural and linguistic aspects. To address these
peculiarities, whenever possible the migration backgrounds were
grouped into subgroups. Here, backgrounds from EU 15 (EU coun-
tries before 2004 [including Great Britain]), EU 13 (those joining in
2004 and after), other European countries without EU membership
(including Russia), Turkey, the USA and other countries were differ-
entiated. Patients with multiple antecedents were grouped to ‘other
background'. By this distinction, the aim was for differentiation be-
tween the Western cultures, which would include the example of
Austrian descent, eastern European cultures, Arabic countries and
others. From these subgroups, only the eastern European group (EU
13) was large enough for statistical analysis. Therefore, more spe-
cific influences of particular backgrounds need to be investigated in

future studies.

CONCLUSION

In the present study lower educational levels and the presence of
a migration background were independent factors significantly as-
sociated with a lower long-term HRQoL after stroke. This underlines
the importance of investigating quality of life measures in addition
to functional outcomes. Our results imply that further improvement
in HRQoL could potentially be achieved by tailored rehabilitation

programmes and more intense or targeted supportive measures.
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