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Abstract: The quality of life of post-ischemic stroke patients during reintegration
is affected by a range of factors, including the risk of insufficient social and family
support, as well as socio-economic status. A patient who is unable to access
needed social support, such as home health care or a day center, is at a greater risk
of poorer quality of life during reintegration. Consequently, the key goals of post-
stroke reintegration are to improve patient outcomes across these factors, to
inform reintegration decisions, as well as design personalized interventions for
patients with social risk. This chapter presents a case-study of 240 patients of the
Catalonia region of Spain that uses data visualization techniques (known as
Sankey diagrams) to provide insight into changes in quality of life risk factors
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such as gender, and stroke severity, during reintegration. As supported by the
case-study, social risk is a complex and multifactorial phenomenon that can vary
significantly for an individual over the course of stroke rehabilitation and
reintegration.

Keywords: ischemic stroke; quality of life; reintegration; Sankey diagram; social
risk

INTRODUCTION

Worldwide, more than 11 million ischemic strokes occur annually, and an esti-
mated 10-20% of these events occur in young people aged 18 to 50 years (1).
Moreover, the incidence of ischemic stroke has risen in the younger population
aged under 55 years old, especially in the United States (2) and in Europe (3).
Therefore, the factors that drive successful reintegration post-stroke are of grow-
ing importance because of the changing demographics of patients, and the
unique clinical challenges and needs of younger patients. However, as the inci-
dence of ischemic stroke increases with age, associations between factors for
ischemic stroke and clinical outcomes have been primarily investigated in older
patients, rather than the younger population (4). Moreover, social risks and bar-
riers to successful reintegration have poorly understood complex demographic
and cultural underpinnings, and are critical for informing clinical or social
interventions (5).

Gender bias is an important consideration for reintegration, as across the
globe, access to stroke care seems to be more difficult for women than men.
Literature on the subject has already indicated that women after stroke tend to
receive less specialized rehabilitation than men and are more likely to be referred
to nursing homes (6). In a European Concerted Action involving 7 countries,
including Spain (n = 4499), gender, but not stroke severity, was reported to be a
major discriminating factor for the use of diagnostic resources or therapeutic
interventions, such as carotid surgery. In spite of more severe clinical conditions,
procedures such as brain imaging, Doppler sonography, echocardiogram, and
angiography were performed significantly less often in women (7). Key treatments
such as intravenous thrombolysis are less likely to be offered to older women than
to members of other demographics; despite the fact that evidence indicates that
older women benefit from thrombolysis as much as older men, women are more
likely to be excluded from thrombolysis treatment (38%) than men (19%) if they
are over 80 years of age (8), thus potentially impacting women’ post-stroke qual-
ity of life and reintegration.

Stroke reintegration may involve years-long processes as patients adapt to their
post-stroke conditions and disabilities, as they try to reintegrate back to their daily
life, workplace and society (9), and this is especially true for younger stroke suf-
ferers (10). Moreover, incidence of long-term complications and disabilities can
strike up to half of all stroke survivors (11), and they may live with the conse-
quences of stroke for over twenty years (12). Therefore, stroke in young adults has
major social and economic impacts as it disables individuals in the peak of their
most productive years (13, 14). These considerations emphasize the importance
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of the quality of life, social well-being, as well as unmet clinical needs and ade-
quate support of patients during long-term reintegration (15).

Reintegration can be formally defined as the long-term outcome post-stroke
that generally encompasses the home, community, and workplace or productivity
activities (16, 17). The measure of the patients’ reintegration into their family,
communities and workplace includes concepts such as resilience and fragility.
Resilience is the ability of the patient to deal with the adverse consequences of
a stroke and maintain high life satisfaction despite challenges, including self-
motivation, initiative, and compliance during rehabilitation (18, 19). Fragility is
the likelihood of a patient to retreat from life, socially isolate, suffer from poor life
satisfaction, low self-esteem, and depression (20). Moreover, studies have identi-
fied several other important social factors impacting reintegration, such as envi-
ronmental, socio-economic, as well as family and social support (21-24).

Owing to the spatiotemporal complexity of reintegration (occurring in the
home, community, and workplace over long periods of time), there are several
reintegration unmet patient needs, mainly personalized reintegration strategies
and interventions that would support patients at risk of fragility. Timely imple-
mentation of the proper patient supports and interventions is hampered by a lack
of understanding of factors contributing to patients’ social risk and well-being and
the impact of patients’ socio-economic situations that would aid in identifying
patient trajectories (resilience vs. fragility). Although there are several frameworks
and conceptualizations of the multidimensional nature of reintegration (25, 26),
further analysis integrating all of these factors is needed to fully explore the land-
scape of social risks and barriers and implement robust solutions to support
patients unique needs and challenges during reintegration.

EVALUATING REINTEGRATION

As reintegration can involve a series of complex processes depending on the age,
gender, stroke severity, the patient’s cognitive, physical, and sensory perception
status, and other socio-economic factors that contribute to the patients’ function-
ing in their everyday life, there are various instruments and assessments for evalu-
ating stroke reintegration.

Comprehensive reintegration assessments

Some of the widely used assessments include the Community Integration
Questionnaire, the Reintegration to Normal Living Index, and European Quality
of Life Five Dimension (EQ-5D). The Community Integration Questionnaire
assessment is intended as a brief, reliable measure of an individuals level of inte-
gration into the home and community, as well as the workplace or returning to
productivity, following traumatic brain injury (27). The Reintegration to Normal
Living Index assesses mobility, self-care, daily activity, recreational activity, and
family roles, to gauge “reorganization of physical, psychological, and social char-
acteristics of an individual into a harmonious whole so that one can resume well-
adjusted living after incapacitating illness or trauma” (17). EQ-5D is possibly the
most widely used generic health status questionnaire measuring quality of life on
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a 5-component scale including mobility, self-care, usual activities, pain/discomfort,
and anxiety/depression,; it has been proposed as a measure of a patient’s quality of
life profile, as well as providing a single index value for general health (28).
However, although these instruments assess multiple dimensions of patients’ rein-
tegration, they tend to neglect the social model of disability, which is critical to
improving patients’ quality of life during reintegration (22, 29-31).

Disability as a social model

The traditional medical model views disability as a problem of the individual,
directly caused by disease, trauma, or other health condition, which requires
medical care provided in the form of individual treatment by professionals.
Management of the disability is aimed at providing a cure or the individual’s
adjustment and behavioral change. Medical care is viewed as the main issue (32).
On the other hand, the social model of disability sees disability as mainly a socially
created problem, and basically as a matter of the full integration of individuals
into society. Disability is not an attribute of an individual, but rather a complex
collection of conditions, many of which are created by the social environment.
Hence, the management of the problem requires social action, and it is the collec-
tive responsibility of society at large to make the environmental modifications
necessary for the full participation of people with disabilities in all areas of social
life. The issue is therefore an attitudinal or ideological one requiring social change,
which at the political level becomes a question of human rights (33).

Dimensions of social risk

The United Nations Convention for the Rights of Persons with Disabilities (34),
mandatory in the member states since its entry in 2008, recognizes the right to
adequate housing (article 28) and to living independently and being included in
the community (article 19). However, the reality of people with disabilities in
most countries, for example Spain, is still far from matching this requirement and
there are many institutionalized people or living in homes not adequate to their
needs. Currently, in Spain, more than 1.8 million people with reduced mobility
require help from third parties to leave the home and around 100,000 people,
who do not have this help, never leave home (35).

In most countries, family support is critical, as family members are often the
primary source of care for people with disabilities and people with chronic health
conditions. The provision of family support is associated with positive family out-
comes, specifically better family quality of life, functioning, satisfaction, and a
reduction in stress (36). People with functional limitations or bodily impairments
are generally disadvantaged in their opportunities to participate in social life.
These restrictions not only contradict basic human rights (35), but frequently also
affect people’s health and well-being. There is consistent evidence that continued
favorable exchange with one’s proximate social environment (e.g., family, friends
and work life) exerts beneficial effects on health and well-being (37). Conversely,
social isolation or lack of close social ties is associated with poor health and
increased mortality risk (38). These associations hold true for the general popula-
tion worldwide but are particularly relevant for persons with physical disabilities,
due to their restricted social participation (39).
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CASE STUDY OF SOCIAL RISK UTILIZING VISUALIZATIONS

Although reintegration encompasses a plethora of psychosocial, cognitive, physi-
cal, and demographic factors, the case-study below focuses on the social model of
disability utilizing a specialized social risk assessment with five dimensions of
social risk. The goal of the case-study is to explore those social risk dimensions,
as well as certain risk factors (gender, age, education, civil status, stroke severity,
length of stay at the hospital, motor functional independence, and disability) in a
240-patient cohort of the Catalonia region of Spain, consisting of mostly male,
young ischemic stroke patients utilizing Sankey diagram visualizations.

Specialized social risk assessment

To assess social risk of patients considering the above-mentioned factors, a social
risk assessment was developed at the Institut Guttmann, called “Escala de
Valoracion Socio Familiar” (EVSF). The assessment is based on the Gijon sociofa-
miliar scale that includes five items (housing, family situation, economic situation,
relationships, and social support). Accordingly, the EVSF assessment consists of
five items or dimensions: cohabitation, economic status (indicating income suffi-
ciency), home status (indicating home accessibility in case of mobility problems),
family support and social support (Table 1). Each of these five items has five levels
of risk that are scored from 1 to 5. A higher score for each item represents higher
risk in the social reintegration of the patient. The total score is the sum of the five
items scores and is between 5 and 25 and determines four social risk categories:
(1) no social risk (5 points); (ii) mild social risk (6-9 points); (iii) important social
risk (10-14 points); and (iv) severe social risk (= 15 points). Its reliability and
validity were evaluated by contrasting the score obtained on the scale with a refer-
ence criterion of an independent, blind assessment by social work experts. It was
reported to enable detection of risk situations and social problems with good reli-
ability and acceptable validity (40).

Patient population cohort criteria

Demographic, diagnostic and assessment data utilizing the EVSF questionnaire
during the rehabilitation and reintegration of patients were recorded and collected
at the Institut Guttmann (Barcelona, Spain) from 2007 to 2020. For this study, the
patient cohort consisted of 240 patients of the Catalonia region of Spain (Table 2).
In the cohort there are twice as many male patients as female patients; there was
no way to control for this gender ratio in the admitted patients or any gender bias
in the referral from acute treatment units. Inclusion criteria for this cohort con-
sisted of adult patients 18 to 85 years of age at the time of stroke with an ischemic
stroke diagnosis who were admitted within 3 weeks of the onset of symptoms,
without any previous comorbidities leading to disability, and whose data was
recorded within a week of admission and discharge. Exclusion criteria were any
of the following: diagnosis of stroke in the context of another concomitant comor-
bidity (e.g., traumatic brain injury), a previous history of another disabling condi-
tion, patients with EVSF assessment performed more than 5 months post injury,
as well as more than 5 months stay at the rehabilitation hospital.

205



206

Cisek K et al.

TABLE 1

Items

Level of risks

EVSF assessment items and risk scoring metric

Scores

Cohabitation

Economic status

Home status

Family support

Social support

Lives with family/core of coexistence or stable partner
Lives in a residence in stable situation
Lives alone, but with a close family circle (children, siblings)

Lives with non-relatives or with person with disability or chronic
disease

Lives alone, no relatives close

With sufficient and stable incomes

With stable but insufficient incomes

With minimum incomes (non-contributory benefit)
With fix incomes received in non-regular basis

With no fix incomes received

Appropriate to your needs

Architectural barriers with possibilities for adaptation
Architectural barriers without possibility of adaptation
Cannot return home

No home

Autonomous/no support needed from family/core of coexistence
Family/core of coexistence is able to provide the required support
Family/core of coexistence & limited capacity of providing support
Rejected or abandoned by family or by core of coexistence

No family/ No core of coexistence

Autonomous or with enough informal support
Not enough social support, but can afford private services

Not enough social support, needs proximity public services (e.g.,
home health care, day centre)

Needs public institutional alternative (e.g., long term sociosanitary
centre or assisted residence)

Cannot access to public support (e.g., foreigner without residence
card)

U A W = U A W = N S

U A W =
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Sankey visualizations of risk variation

Clinical data visualization that enables straightforward interpretation and evalua-
tion of information is a hot topic in medicine, owing to the growing volume of
clinical data (41, 42). Moreover, the visualization of patient health information,
various assessments and questionnaires has been successfully implemented using
Sankey diagrams, which graphically display the flow between successive steps
(such as admission and discharge from hospital) with ribbons whose thickness is
proportional to quantity (43). Therefore, Sankey diagrams were utilized in this
case study in order to visually evaluate which EVSF dimensions contribute to
increased social risk (important and severe social risk categories), as well as which
dimensions contribute to patient improvement or increase of social risk at
discharge.

Social risk categories and risk factors

For the 240-patient population cohort in this case study and four social risk cat-
egories of the EVSF questionnaire (Figure 1), most individuals fall in the mild and
important risk categories both from admission to discharge (Figure 1A). On the
basis of available demographic, diagnostic and assessment data available, eight
factors were selected for Sankey visualizations (Figure 1B-I) with variable cohort
distributions: gender, education, functional independence measure—motor
(FIM-motor) assessment, modified Rankin score (mRS) assessment, age, civil sta-
tus, NIHSS, and length of stay (LOS) at the hospital. The gender factor subdivided
the cohort into male and female patients, education into high level (secondary
schooling, college, and advanced degree) and low education (illiteracy, basic read-
ing and writing, and primary schooling), the FIM-motor assessment into poor
FIM-motor score < 65 and good FIM-motor score > 65 (44), good mRS outcome
0-2 and poor mRS outcome 3-6 (45), age < 55 and > 55 years old (46), civil status
into married and non-married (including single, separated, divorced and wid-
owed), mild stroke NIHSS < 15 and severe stroke NIHSS = 15 (47) and length of
stay (LOS) < 90 days and > 90 days.

When considering these social risk factors, certain trends are not surpris-
ing, for example, that married (Figure 1E) or younger (Figure 1D) patients or
patients with higher level of education (Figure 1C) or a milder stroke
(Figure 1G) or without significant disability (Figure 1H) are mainly in the
mild or no social risk categories upon discharge from the hospital. However,
what may be unexpected is that non-married, older patients, patients with a
lower level of education, patients with severe stroke, and patients with signifi-
cant disability also follow the same trend of the mild or no social risk catego-
ries upon discharge from the hospital. This is likely due to the complex and
multifactorial nature of social risk (5), where a combination, rather than a
single risk factor may be increasing social risk for individuals. This may also
be the case for gender (Figure 1B), where considering gender bias and the dif-
ficulties female patients may encounter during acute treatment (7), one may
expect a reverse trend for male and female patients, with more women rather
than men in important and severe risk categories upon discharge from the
rehabilitation hospital.
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Figure 1 Patient EVSF social risk variation from admission to discharge across four categories: no
risk (nR), mild risk (Mi), important risk (Im) and severe risk (Se). A, EVSF risk variation of the
studied cohort. B-1, EVSF risk variations of eight factors: gender, education, age, civil status,
FIM-motor assessment, NIHSS, mRS assessment, and length of stay (LOS) at the hospital,
respectively, with their corresponding cohort distributions.
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Improvement of social risk categories

In order to evaluate social risk, each of the 240 patients EVSF social risk categories
at admission were compared to their categories at discharge (Figure 1A). If a
patient remained in the same social risk category (e.g., mild risk category at
admission and mild risk category at discharge, or, severe risk at admission and
severe risk at discharge), their improvement level was 0; if the patient improved
their social risk (e.g., transitioning one risk category only: from mild risk to no
risk, or from important risk to mild risk), then their improvement was +1; alter-
natively if a patient increased their social risk (e.g., transitioning one category
only: from no risk to mild risk, or mild risk to important risk) their improvement
level was -1. In a few instances, patients greatly improved their social risk, transi-
tioning from severe social risk to mild risk or important social risk to no risk (e.g.,
transitioning two categories) hence their improvement level was +2. There were
no instances of patients increasing their social risk drastically (e.g., decline by two
categories), therefore, there was no improvement level -2. In the Sankey visualiza-
tion (Figure 2) of the 240-patient population cohort, the social risk improvement
distribution is as follows: (i) (+2) — 9 patients; (ii) (+1) — 64 patients; (iii) (0) =155
patients; (iv) (-1) — 12 patients.

Although the overall cohabitation dimension (Figure 2A) scores are mainly
low social risk (green), for the improvement level +2 (Figure 2B), this dimension,
as well as family support, greatly contribute to the decrease in social risk (red);
indeed, in this improvement level, there are no patients in important or severe
risk category at discharge (all scores across dimensions are < 3). For the improve-
ment level +1, although some patients were still living alone without relatives at
discharge (cohabitation score 5; red) this dimension and the social support dimen-
sion greatly contributed to improved social risk at discharge (green). In parallel,
for the improvement level -1 (Figure 2B), these same dimensions of cohabitation
and social support display an increase in social risk from admission (green) to
discharge (orange). Because most patients stay in the same risk category, improve-
ment level 0 was subsequently subdivided into patients belonging to the no risk
or mild risk categories, and important and severe risk categories (Figure 2C). As
expected, patients in the low-risk categories are in a stable social situation at dis-
charge, with the majority of patients relying on family for support (EVSF score 2;
sage-green). However, patients in the high-risk categories would benefit from per-
sonalized interventions across all five dimensions, especially family and social
support. The Sankey visualizations can aid in ranking of the EVSF dimensions
according to each dimension’s possible contribution to overall social risk for the
population; for the case study cohort, dimensions contributing to social risk were
primarily family support, followed by social support, home status, cohabitation
and the least by economic status.

Gender impact on social risk

As gender plays an important role in social risk (48), the case study explores risk
variation and improvement between male and female patients (Figure 3). In the
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Figure 2 Patient social risk improvement levels from admission to discharge across the EVSF
dimensions. The Sankey node colors indicate EVSF item score: 1 (green), 2 (sage-green),

3 (orange), 4 (dark orange) and 5 (red). A, Risk scoring variation at each EVSF items visualized
from the studied cohort. B, Risk scoring variation at four improvement levels of social risk
categories across each EVSF item. The patient distribution: (+2) 9 patients; (+1) 64 patients; (0) 155
patients and (—1) 12 patients. C, Breakdown of risk scoring variation at the improvement level (0)
of two social risk categories, (i) no risk and mild: 104 patients and (ii) important and severe: 51
patients, across each EVSF item.

cohort, male patients outnumber female patients 2:1, where 160 are men and 80
are women (Figure 3A, C). The Sankey representations show that women are in a
much better situation at admission for most dimensions, i.e., there are propor-
tionally fewer women at high social risk (red) than men (Figure 3B, D), and
accordingly, there is no improvement level +2 for women (Figure 3D). For both
men and women, home status and social support dimensions improve the most,
and also for men, cohabitation social risk improves from admission to discharge,
especially for improvement level +2 (Figure 3B). Conversely, for the increased
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Figure 3 Patient social risk improvement levels for men (AB) and women (CD) from admission to
discharge across the EVSF dimensions. The Sankey node colors indicate EVSF item score:

1 (green), 2 (sage-green), 3 (orange), 4 (dark orange) and 5 (red). A, Risk scoring variation at each
EVSF items for all male patients in the studied cohort (160 patients). B, Breakdown of risk scoring
variation at four improvement levels of social risk categories across each EVSF item of male
patients. The patient distribution: (+2) 9 patients; (+1) 46 patients; (0) 99 patients and (-1) 6
patients. C, Risk scoring variation at each EVSF items for all female patients in the studied cohort
(80 patients). D, Breakdown of risk scoring variation at three improvement levels of social risk
categories across each EVSF item of female patients. The patient distribution: (+1) 18 patients;

(0) 56 patients and (—1) 6 patients.
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Figure 4 Patient social risk improvement levels for mild (AB) and severe (CD) stroke from
admission to discharge across the EVSF dimensions. The Sankey node colors indicate EVSF item
score: 1 (green), 2 (sage-green), 3 (orange), 4 (dark orange) and 5 (red). A, Risk scoring variation at
each EVSF items for mild stroke patients (NIHSS < 15) in the studied cohort (138 patients).

B, Breakdown of risk scoring variation at four improvement levels of social risk categories across
each EVSF item of mild stroke patients. The patient distribution: (+2) 6 patients; (+1) 39 patients;
(0) 87 patients and (—1) 6 patients. C, Risk scoring variation at each EVSF items for severe stroke
patients (NIHSS > 15) in the studied cohort (102 patients). D, Breakdown of risk scoring variation
at four improvement levels of social risk categories across each EVSF item of severe stroke patients.
The patient distribution: (+2) 3 patients; (+1) 25 patients; (0) 68 patients and (-1) 6 patients.
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social risk in men in improvement level -1, cohabitation situation worsens as
more patients are mainly living alone (red), whereas for women at this improve-
ment level (Figure 3D), it is the home status (red), as more women do not have a
home to return to, as well as needing to live in a care home at discharge. For the
case study cohort and female patients, the EVSF dimensions contributing to social
risk were primarily home status, social support, followed by economic status,
cohabitation and the least by family support; whereas for the male patients: social
support, followed by cohabitation, family support, economic status, and the least
by home status.

Stroke severity impact on social risk

An association between social risk, the socioeconomic situation and stroke severity
as assessed by the NTHSS has not been fully elucidated (49, 50). In this case study,
risk variation was explored for patients with mild stroke (NIHSS < 15) and severe
stroke (NTHSS > 15) (Figure 4A, C) (47). For the few patients with mild stroke
(Figure 4B), home status, family and social support dimensions show the most
social risk decrease on discharge (green) in improvement level +2, whereas for
patients with severe stroke, cohabitation and social support show the most social
risk decrease on discharge (green) in the improvement level +2. For the improve-
ment level +1, both mild and severe stroke patient populations (Figure 4B, D) have
similar trends, with the mild stroke patient population decreasing social risk in the
family support dimension, but severe stroke patient population in the cohabitation
dimension. Conversely, for the improvement level -1, the severe stroke patient
population increases social risk in the cohabitation dimension, whereas the mild
stroke patient population increases risk in the family and social support dimen-
sions. As in the overall patient cohort, the improvement level 0 (no improvement)
is the most common for both the mild and severe stroke patient population,
indicating that most patients stay in the same social risk category from admission
to discharge, and showing similar trends across all dimensions from admission to
discharge. For the case study cohort and mild stroke patients, the EVSF dimensions
contributing to social risk were primarily home status, family support, followed by
cohabitation, economic status and the least by social support; whereas for the
severe stroke patients: social support, followed by cohabitation, home status,
family support and the least by economic status.

CONCLUSION

Social risk plays an important role in the quality of life of post-ischemic stroke
patients during reintegration. Due to the complexity of reintegration, encompass-
ing the spatiotemporal component (long term process taking place in the home,
community, and workplace), multifactorial component (interdependency of psy-
chosocial, environmental, and socio-economic factors) as well as demographic
and cultural factors (gender, geographic location), visualization of patient data is
an invaluable tool for interpretation of patient trajectories and social risk status.
For the case study 240-patient cohort of the Catalonia region of Spain, consisting
of mostly male, young ischemic stroke patients, although most individuals were
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mainly in the mild or no social risk categories upon discharge from the hospital,
exploration of social risk improvement levels revealed that dimensions contribut-
ing to social risk were primarily family support, followed by social support, home
status, cohabitation and the least by economic status, but rank order of dimen-
sions varied when considering social risk factors such as gender and stroke
severity.
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