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Abstract

Background Socioeconomic status (SES) is associated with stroke occurrence and survival following stroke but its
association with health-related quality of life (HRQol) following stroke remains uncertain. We performed a systematic
review and meta-analysis to examine the association between SES and HRQolL after stroke.

Methods PubMed, SCOPUS, EMBASE, and Web of Science were searched to identify relevant cohort and case—con-
trol studies between January 2000 and May 2022. Two authors screened titles, abstracts and full text articles. One
author extracted data from all included studies. Meta-analyses were performed for studies with comparable measure-
ments of SES and HRQoL. Random effects models were used to estimate pooled summary standardised mean differ-
ences in HRQol by SES.

Results Out of 1,876 citations, 39 studies incorporated measurement of overall HRQoL following stroke and were
included in the systematic review, with 17 studies included in the meta-analyses. Overall, reports including education,
income, occupation and work status effects on HRQolL after stroke were inconsistent among all included 39 studies. In
the global meta-analysis of 17 studies, HRQol among survivors of stroke was lower in the low SES group than in the
high SES group (standardised mean difference (SMD) -0.36, 95% Cl -0.52, -0.20, p < 0.0001). When using education

and income indicators separately, summary effects were similar to those of the global analysis (low versus high educa-
tion SMD -0.38, 95% Cl-0.57, -0.18, p < 0.0001; low versus high income SMD -0.39, 95% Cl -0.59,-0.19, p < 0.0001).

Conclusions Across all SES indicators, people with stroke who have lower SES have poorer overall HRQol than those
with higher SES. Accessibility and affordability of poststroke support services should be taken into consideration
when planning and delivering services to people with low SES.
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Background

Health-related quality of life (HRQoL) may be influenced
by a number of individual disease-related factors such
as illness, functional status and general health percep-
tion [1]. However quality of life varies greatly despite any
similarities in patients’ stroke severity and current health
state [2]. In the last two decades, socioeconomic factors
have also been recognised to affect HRQoL [3].

Socioeconomic status (SES) comprises a number of dif-
ferent aspects of an individual’s economic resources and
social status, commonly including a combination of indi-
vidual-level factors such as income, education and occu-
pation and/ or area-level factors of economic resources
such as housing. These markers have been frequently
used as indicators, individually or in combination, to
measure SES [4]. Previous literature provides evidence
that socioeconomic disparities have a profound impact
on stroke mortality and functional outcomes including
mobility and cognition with little or no exploration of
quality of life as an outcome [5].

To date, the effect of SES on HRQoL after stroke has
not been systematically reviewed. There is conflicting
evidence about the association between SES and HRQoL
after stroke. Some investigators have reported associa-
tions between unemployment and manual occupation
with poor HRQoL, [6, 7] some reporting associations
between level of education and occupation limited to the
physical or mental aspect of HRQoL, [8, 9] while in some
reports, the evidence was equivocal [10]. With increasing
recognition of the role of social determinants of health
as important outcomes following stroke, [11] a system-
atic review of the association between SES and HRQoL
will fill an important gap in our understanding of how
these factors may influence the outcomes for people with
stroke. Using a systematic review design, we aimed to
determine the association between socioeconomic status
and HRQoL in people who have had a stroke.

Methods

We systematically identified studies undertaken to exam-
ine the association between SES and HRQoL after stroke.
This review protocol has been registered in the Interna-
tional Prospective Register of Systematic Review (PROS-
PERO) with the protocol number: CRD42022336865.

Data sources

We used the PECO framework: Population (P): people
with stroke; Exposure (E): low socioeconomic status with
indicators such as income, education, occupation: Com-
parison (C): high socioeconomic status; Outcome (O):
health-related quality of life. Relevant keywords were used
to build a search strategy in these databases to retrieve the
appropriate publications (Supplementary Table S1). To
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account for spelling variations, truncation and wildcards
were used when building the search strategy for each
database. Four databases: PubMed, SCOPUS, EMBASE,
Web of Science were used in electronic search (Supple-
mentary Table S2). Manual search of reference lists in all
included articles were also conducted.

Two reviewers (YAS and SK) with healthcare back-
grounds and postgraduate qualifications in research
independently screened the titles and abstracts of all
retrieved studies for inclusion in full text screening. The
inclusion criteria were: 1) primary cross sectional, cohort
or case—control observational study; 2) SES indicator as
a predictor or as a covariate; 3) all ages and settings; 4)
articles published between January 2000 to May 2022;
and 5) published in English language. The exclusion crite-
ria were: 1) studies conducted in specific clinical popula-
tions such as cancer and kidney disease 2) review articles;
3) studies incorporating HRQoL as an outcome in an
intervention study; 4) studies conducted to test the valid-
ity of an instrument; 5) studies among people with tran-
sient ischemia attack; and 6) qualitative studies. Studies
that met the selection criteria were processed for data
extraction. Discrepancies were resolved by discussion
between the two reviewers. If a conflict persisted, the
third reviewer (SLG), a senior epidemiologist, was con-
sulted for the final decision. For the full text screening,
the Kappa coefficient for agreement between the two ini-
tial reviewers was 0.87.

Data extraction

Data were extracted on author, year of publication, study
design, location, data source, sample size, SES indicator,
HRQoL instrument, follow-up time for cohort study,
mean age, sex, stroke type, whether or not the study
focused on SES, HRQoL measurement in any domains,
other variables included in the multivariable analyses and
method of statistical analysis. All data were extracted by
YAS. Corresponding authors of relevant articles were
contacted for further information if required. When
multiple follow-up times were reported, the longest fol-
low-up time was extracted. For studies that qualified for
the meta-analysis, we extracted additional data includ-
ing sample size, mean and standard deviation (SD) for
each SES group, estimates with confidence interval (CI),
P-value, t-value.

Quality assessment

The Joanna Briggs Institute (JBI) critical appraisal tools
(cohort study, case—control study, cross-sectional study)
[12] were used to assess the quality of studies for all
included papers by YAS. The study was scored 1 for Yes
when it met the criterion, 0 for unclear and -1 for No.
A question was excluded when it was not applicable to
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a particular study. To make all studies comparable when
assessing quality, the scores gained from assessment tools
for cohort and case—control studies were then converted
to proportions. Quality was considered high (85%-100%),
medium (65%-84) and low (below 65%). Uncertainties
were discussed with the third reviewer (SLG).

Data synthesis and statistical analysis

We initially included all eligible studies of SES and
HRQoL after stroke. For qualitative synthesis, we then
limited the studies to those with outcomes of overall
HRQoL. For the meta-analysis, we only included stud-
ies that incorporated use of overall HRQoL such as an
overall quality of life score or a utility score. This included
studies that had a similar construction of instruments for
assessing HRQoL with multi-domains including physical,
mental and social aspects.

We conducted a ‘global’ meta-analysis combining stud-
ies across different SES indicators. We examined the data
source and study period to identify potentially overlap-
ping population. If overlapping studies were found, we
used the JBI tool to select the highest quality study for the
‘global’ meta-analysis. If the JBI score was the same, we
selected the studies with larger study population then the
most recent study. In the global meta-analysis, if multiple
SES indicators were used in the one study, we prioritised
SES indicators to those with an SES index—an indicator
that includes multiple SES attributes, and then to indi-
vidual-level SES markers in the following order: income,
education level, occupation, work status and others.
Because there is no individual best SES indicator, we pri-
oritised income because it is suggested to be the optimal
indicator for better material advantage and service access
[13] and has been shown to be the most important indi-
cator in the adult population in health research [14, 15].
If original data with number, mean and standard devia-
tion (SD) of each group were available, and if more than
two SES groups were reported, the groups were com-
bined to generate medium/high and low/medium SES
groups. Calculation of combined mean and SD was based
on methods described by the Cochrane Collaboration
documentation [16]. If the original data were not availa-
ble, the pre-calculated effect size data were used. In these
instances, if more than two SES groups were reported,
the highest and the lowest SES groups were extracted.
When multiple models were reported, we selected the
model that controlled for at least age and sex, these being
the most important potential confounders, as well as
allowing for consistency across studies. Given the het-
erogeneity of HRQoL measures, standardized mean
differences (SMD) were used in the meta-analyses to
enable comparison among studies with diverse HRQoL
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instruments. Analyses were repeated for each individual
SES indicator across all available studies.

Sensitivity analyses were performed to exclude studies
with a higher risk of bias. We conducted leave-one-out
influence analysis to assess the outlier and repeated the
meta-analysis without the potential influence study. A
random-effect model was used to account for the heter-
ogeneity between studies. Two-sided P-value <0.05 was
considered as statistically significant. Heterogeneity was
assessed using the Q statistic, I? statistic and 1. We exam-
ined publication bias or small-study effects by inspecting
funnel plots and using Egger’s test. For sub-group anal-
yses, we stratified the studies by the study-level factors:
adjusting for confounders, stroke type, and whether the
study was designed to specifically investigate SES and
study region. All statistical analyses and graphics were
performed using R 4.1.2.

Results

Literature search

We identified 1,876 potential articles for inclusion
(Fig. 1). After excluding 704 duplicate records, 1172
records were screened by title and abstract, and 255
records were selected for full-text screening. Seventy
articles were deemed relevant. A further nine articles
were identified following screening of references from
relevant studies resulting in a total of 79 articles meeting
the inclusion criteria. The overall HRQoL outcomes were
reported in 38 out of 79 studies, and one in the remaining
41 studies has the online dataset available to access.

Study characteristics

Among the 39 publications included, most included all
stroke types, and education was the most commonly uti-
lised SES indicator (Table 1). Only two studies incorpo-
rated SES indices, one being an area-level SES index and
one a paediatric four-factor index of social status. Most
included studies (97%) in the systematic review meas-
ured SES at individual level, such as income, education
and employment status, with only 3% measured SES
at area level. Among all 39 studies, most studies incor-
porated more than one SES indicator. A total of 17 dif-
ferent instruments were used to assess overall HRQoL
(Supplementary Table 3). Various versions of one type
of instrument were used. The WHOQOL was the most
frequently used instrument followed by the Stroke Spe-
cific QoL (SS-QoL) and the EQ-5D assessment (Supple-
mentary Table 3). Most studies were a cross-sectional
design or provided estimates in cross-sectional analysis.
While studies were conducted worldwide, Korea had the
greatest number of individual studies. The majority stud-
ies were focused on the determinants of HRQoL after
stroke, while only three were specifically focussed on the
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Fig. 1 PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and manually search reference list. From: Page
MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic

reviews. BMJ 2021;372:n71. https://doi.org/10.1136/bmj.n71. For more information, visit: http://www.prisma-statement. *Records identified
from PubMed, SCOPUS, EMBASE and Web of Science. **Records excluded after screening titles and abstracts

associations between SES and HRQoL. English versions
of HRQoL instruments were translated and validated in
Non-English speaking countries. Approximately, 80%
studies had a low risk of bias.

Qualitative synthesis

Education

Overall, the reporting of education level and HRQoL
was inconsistent across the studies. Most investiga-
tors measured level of education or years of education.
In most studies, a higher level of education was sig-
nificantly associated with greater HRQoL in univari-
able analyses, but this association was attenuated after
adjusting for other factors (Supplementary Table 4). In
only four studies were the associations between educa-
tion and HRQoL consistent for both unadjusted and

adjusted analyses, while three did not include the spe-
cific magnitude of effect for nonsignificant findings in
the final model.

Income

Income was measured most often by individual or
household monthly income (n=11 studies) but vari-
ations existed, including sufficiency of income (n=1
study) and with or without income (n=1 study; Sup-
plementary Table 5). In three studies the measure used
to classify income was not specified. The association
between greater income and greater overall HRQoL
was mostly consistent, with 11 having significant asso-
ciations in unadjusted analysis and seven studies in
adjusted analyses.
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Occupation and work status

Definitions of occupation and work status were variable.
Most studies defined occupation based on the type of job
and only one study incorporated use of a local national
standard of occupation which was based on skill level
(Supplementary Table 6). The timing of work status also
varied, with most (n=22) being focussed on work status
after stroke and the remainder on working prior to the
stroke (n=3). Overall, there was lack of clear definition
of occupation and work status. In seven of the 25 studies
there was a significant association between occupation
or work status and overall HRQoL in adjusted analyses.
In one of these studies, where current work status, as
opposed to work status prior to stroke, was the SES indi-
cator, there was a significant association in both unad-
justed and adjusted results.

Other SES indicators

Both residency and health insurance were also used as
SES indicators, with only three of eight studies providing
evidence of an association between these markers and
overall HRQoL (Supplementary Table 7). In one of these
studies people with Medicaid had better HRQoL trajec-
tory up to 5 years after their stroke than those without
Medicaid. In another study conducted in a paediatric
population that incorporated use of an SES index high
SES was associated with better HRQoL [30]. Another
study in which a neighbourhood SES indicator was used,
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there was no evidence that neighbourhood SES was inde-
pendently associated with overall HRQoL [49].

Meta-analysis of overall HRQoL

Among 39 studies (38 studies in which overall HRQoL
was reported and one [8] in which overall HRQoL was
calculated from raw data), 13 studies had incompat-
ible data, one had an overlapping dataset, and three had
insufficient data. This left a total of 22 studies eligible for
meta-analysis. After excluding four studies with a high
risk of bias and a study on a paediatric population, we
included 17 studies with a total number of 8,332 subjects
in the global meta-analysis.

Global meta-analysis of HRQoL

Overall, HRQoL was less in the low SES group than in
the high SES group with an SMD of -0.36 (95% CI -0.52,
-0.20, p<0.0001; Fig. 2). However, the effects across all
studies were inconsistent, ranging from 0 to -1.23, and a
large heterogeneity (Q=121.5, I*=88.4%, 1=0.3). Using
the leave-one-out analysis the precision of the model
was largely influenced by the study by Butsing et al. [22].
After excluding this study, the heterogeneity was reduced
(Q=47.7, 1*=75%, 1=0.2) and there was a slight reduc-
tion in the SMD to -0.29 (95% CI -0.41, -0.17). The fun-
nel plot (Supplementary Fig. 1) among the 17 studies
was symmetric with the Egger’s test providing P=0.44,

Study Weight  SMD [95% Cl]
Barbosa, 2022 - 6.39% -0.01[-0.23, 0.21
Baune, 2006 —e—u  5.22% -0.32[-0.69, 0.06
Butsing, 2019 i . 6.35% -1.23[-1.46,-1.01
Choi-Kwon, 2006 —s— : 551% -0.83[-1.17,-0.49
Dianati, 2021 —=~  574% -0.16[-0.47, 0.15
Jun, 2015 ® 7.02% -0.07[-0.18, 0.03
Kariyawasam, 2020 —.— 5.72% -0.64 [-0.95, -0.33
Kim, 2021 —=— :  571% -0.55[-0.87,-0.24
Mei, 2022 m: 7.06% -0.24[-0.34,-0.15
Meyer, 2010 —+— 5.00% 0.00[-0.40, 0.40
Paul, 2005 HH  6.81% -0.15[-0.31,-0.00
Pedersen, 2021 ~a~  6.31% -0.04[-0.27, 0.20
Salehi, 2019 —=—— 537% -0.18[-0.54, 0.17
Sok, 2021 —— 5.27% -0.36[-0.73, 0.01
Szocs, 2020 —e— 5.46% -0.34[-0.69, 0.00
Tsalta-Mladenow, 2021 —=— :  5.34% -0.56[-0.93,-0.20
Zemed, 2021 —=— :  572% -0.52[-0.83,-0.21
RE Model < : 100.00% -0.36[-0.52, -0.20]
1 1T 1 1
-15 -05 05

Standardized Mean Difference (SMD)
«— —>

Low SES worse

Low SES better

Fig. 2 Standardized mean differences and 95% Cls of the low vs high SES from global meta-analysis using combined SES indicators and overall

HRQoL (n=17 studies)
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suggesting that no potential publication bias or small-
study effects were found.

Meta-analysis by SES indicators

When examining income and education indicators
separately, the effects were similar, with SMD -0.39 for
income and -0.38 for education, both having large het-
erogeneity (Tables 2 and 3). The Egger’s test for income
(P=0.77) and education (P=0.40) meta-analyses also
provided evidence for no potential publication bias.

Sub-group analyses

In the ‘global’ meta-analysis, the estimated SMD was 0.38
less for studies with confounder adjustment than in those
without adjustment but remained statistically significant
(Table 4). Age, sex, stroke severity and disability were the
most common variables incorporated within the multi-
variable models. The test for sub-group differences was
statistically significant between unadjusted and adjusted
study groups as well as between hospital and community
settings (Table 4). There was no evidence for a sub-group
effect according to stroke type, purpose (specifically
undertaken to investigate associations between SES and
HRQoL versus not), or SES region. In sub-group analy-
ses conducted separately for income and education indi-
cators which were stratified by adjustment for potential
confounders, significant sub-group effects were observed
in both groups, with large heterogeneity observed in the
unadjusted models (Supplementary Table 8). In the stud-
ies that had fully adjusted models, we were unable to
detect an association between income and HRQoL (Sup-
plementary Table 8).

Discussion
In this systematic review we identify that reports on
the associations between different markers of SES, such
as income or education level, and overall HRQoL vary
across studies. Based on general rule of interpretation
of SMD, SMD<0.2 is a “small” effect, between 0.2-0.5 is
a “moderate” effect and>0.8 is a “large” effect [52]. Our
findings demonstrated a moderate effect of low SES, such
as low education level and low income on HRQoL among
stroke survivors. Interestingly, in the meta-analysis, there
was consistent evidence that exposure to low SES, com-
pared to high SES, was associated with a poorer overall
HRQoL after stroke regardless of SES indicator used.
Different SES indicators, such as education, income
and a ‘global’ analysis using mixed indicators, have simi-
lar associations with HRQoL after stroke, supporting
the notion that any aspect of SES could affect HRQoL
after stroke. This study extends previous knowledge of
the association between SES and stroke incidence and
mortality [5]. The findings suggest that SES should be
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considered as an important determinant of HRQoL,
which is a key patient-reported outcome measure, in
both acute and subacute settings. Our findings show that
any SES indicator such as income and education have
similar effects on people’s HRQoL after stroke. This is
supported by our observation that SMD estimates and
95% Cls were similar across the global meta-analysis
and each of the individual meta-analyses. It is widely
acknowledged that income and education are moderately
correlated [53]. Low income or low paying jobs could
limit the ability of stroke survivors to access fee-for-ser-
vice treatments, thereby affecting recovery and HRQoL.
A person’s income and education can affect their knowl-
edge, attitudes, beliefs and access to healthy food, health
services, health literacy, lifestyle, and environments, such
as safe neighbourhood [54]. Our findings suggest that an
interplay of income, education and occupation may have
similar influences in an individual’s physical, mental and
social health measured through HRQoL after stroke.

Few studies, < 10%, were specifically designed to exam-
ine the associations between SES and HRQoL after stroke
so there may be some selective reporting. This is because
in studies not designed to examine SES and HRQoL
investigators may not report findings for SES indicators
if no statistically significant association was found in uni-
variable analyses. Similarly, many investigators do not
report the magnitude of the association between SES and
HRQoL in multivariable models because the SES effect
is no longer statistically significant. The lack of statisti-
cal significance of SES in this context may reflect media-
tion by other variables in the model, such as clinical
factors or co-morbidities. This was shown in the results
that after adjusted for potential confounders, the pooled
estimate dramatically reduced from -0.46 to -0.08. Stud-
ies designed to examine SES differences in HRQoL after
stroke are needed to provide the most robust approach,
particularly with further exploration of other factors that
potentially mediate the association between SES and
HRQoL after stroke. Findings from these studies may be
useful for developing interventions to address these dif-
ferences in HRQoL by SES.

The mechanisms for the association between SES and
HRQoL after stroke are likely to be complex. It is known
that lower SES affects HRQoL. A person’s individual and
community resources may play a role in an individual’s
physical, mental, and social health measured through
HRQoL after stroke. In countries with access to univer-
sal healthcare, free education and job markets, disparities
in HRQoL after stroke persist [6, 49]. HRQoL may also
depend on the sense of control over health, which has
been suggested to differ according to SES [55, 56]. This
sense of control over health is influenced by factors over
the life course that are shaped by social factors including
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Table 3 Meta-analysis by indicators of SES and their association with HRQolL among people with stroke from all included studies
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|2

SES Indicator n Estimate 95% Cl P Q T
Global analysis 17 -0.36 -0.52,-0.20 <0.0001 121.5 88.4% 03
Income only 13 -0.39 -0.59,-0.19 <0.0001 1124 90.1% 0.1
Education only 13 -0.38 -0.57,-0.18 <0.0001 67.0 89.3% 03
Table 4 Association between SES and HRQoL of studies included in the global analysis: sub- group analyses
Sub-group analysis n Estimates 95% ClI p 12 P for subgroup
Adjustment® <0.001
Adjustment 4 -0.08 -0.16,-0.01 0.03 0
Non-adjustment 13 -0.46 -0.65,-0.28 <0.0001 824
Type of stroke 0.099
All 13 -0.36 -0.56,-0.16 0.0004 91.6
Ischemic 3 -0.48 -0.68,-0.29 <0.0001 0
Haemorrhagic 1 0 -040, 040
Study designed specifically to investigate SES and HRQoL
No 6 -042 -0.79,-0.04 0.028 91.0 0.860
Yes 3 -0.29 -0.58,0.01 0.059 72.7
Predictors 8 -0.33 -0.52,-0.15 0.0004 788
Population age (mean, years)
>65 1M -0.35 -0.58,-0.13 0.002 89.5 0.982
<65 6 -0.38 -0.59,-0.17 <0.001 68.7
Follow-up time (mean, month)
<3 5 -0.38 -0.58,-0.18 <0.001 42.8 0.392
3-12 4 -0.14 -040,0.11 0.27 69.8
>12 2 -0.48 -1.14,0.19 0.16 922
Not available 6 -046 -0.79,-0.12 0.008 95.1
Study year 0.119
Before 2016 9 -0.23 -0.38,-0.09 <0.001 76.6
2016 and later 8 -049 -0.76,-0.21 <0.001 86.2
Study setting 0.024
Hospital/Clinic 14 -041 -0.61,-0.22 <0.001 81.7
Community 3 -0.16 -0.27,-0.05 0.003 613
SES region® 0.929
High — upper middle 12 -0.36 -0.58,-0.14 0.0011 926
Low — lower middle 5 -0.37 -0.57,-0.18 0.0002 419

@ Models are fully adjusted for potential confounders

b SES region was classified based on World Bank income level 2021 of the study location

SES. These factors shape one’s understanding of people’s
circumstances and health behaviours including responses
to stress and adaptation of lifestyle, which may ultimately
influence HRQoL during recovery from recovery.

As both HRQoL and SES are multifaceted and
dynamic over the life course potential interventions
are complex. It is critical to recognise the structural
determinants of health inequality that may lead to this
association observed in HRQoL after stroke. The unequal

distribution of resources can lead to one particular social
group being more vulnerable than the others across the
life course. Appreciating the influence of SES over the life
course can help us to understand how exposure to low
SES may result in lower HRQoL after stroke. For exam-
ple, to raise a person’s education level is subject to not
only their education opportunities, individual circum-
stances such as family culture and family circumstances,
but also social mobility in society. Stroke survivors with
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low SES may be trapped in “the cycle of deprivation” that
is challenging to break to improve their HRQoL.

Our study has several implications. Because educa-
tion, income and occupation can have similar effects on
poststroke HRQoL, strategies that addressing education
barriers would improve the access to better paying jobs
and therefore increase income level. Our findings provide
insights to stroke services, particularly, how community-
based rehabilitation support and outpatient clinic could
effectively approach to more vulnerable groups. Service
planning and delivery should address potential barriers,
including improving health literature, such as using plain
language, to people with low education level, and provid-
ing low-fee or fee-free access for stroke survivors with
low income.

There are also implications in research. As only three
out of 39 studies were specifically focused on assess-
ing the association between SES and HRQoL, the role
of potentially confounding factors is not clear. Within
these three SES focused studies, two adjusted for stroke
severity. As stroke severity and post-stroke disabil-
ity are likely to influence HRQoL and limited evidence
was currently available, more studies with a focus on
SES and HRQoL with the adjustment for stroke sever-
ity and clinical factors are needed. Most included stud-
ies have excluded patients who were unable to consent,
failed to complete the HRQoL assessment, or patients
with severe impairment such as aphasia or cognitive
impairment. These populations who are likely to have
different levels of HRQoL post-stroke to groups cur-
rently included should be included in future HRQoL
studies [57]. Although a few studies obtained HRQoL
assessment from a person’s primary caregivers, the
assessment outcomes from these proxies may differ
from direct assessment from the people themselves. It
remains challenging to eliminate this kind of selection
bias in patient reported outcomes, however, careful
investigation of the reasons for people not participat-
ing in the evaluation should be included in future stud-
ies, along with efforts to use inclusive ways of assessing
HRQoL (e.g. aphasia friendly HRQoL tools) to minimise
the impact of such bias. In addition, SES can change
after a stroke, particularly for measures of income and
employment status due to the effects of stroke. Most
studies assessed income level and employment status
prior to stroke, only one study [23] specified that SES
was measured by current employment status during
the interview after stroke. However, the change of SES
in relation to HRQoL was not examined in that study.
Future studies could also explore how the change of SES
before and after stroke affects HRQoL.
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Several limitations of this study should be noted. We
did not conduct a sub-group analysis with occupation
because of variations in measurement. For example, occu-
pation was classified by skill level, [6] currently working
or not, [20, 47, 51] or based on characteristics of employ-
ment. [8, 9] Only five of the 18 studies with adjustment for
potentially important confounders could be included in
the meta-analysis. As unadjusted results in observational
studies are more likely to be biased, the summary effects
of the association combining unadjusted and adjusted esti-
mates may be overestimated. Sub-group analysis with only
adjusted studies showed an overall smaller effect size but
remained significant. Additionally, the unexplained het-
erogeneity remained large despite the sub-group analyses
being stratified by SES indicators. Factors such as meas-
urement of SES, timepoint of HRQoL assessment post
stroke and characteristics of the study populations may
have contributed to the heterogeneity. HRQoL is subjec-
tive, dynamic and multidimensional, so instruments com-
bined across studies may not reflect all aspects of quality
of life, particularly psychological and spiritual aspects.
Data extraction and quality assessment were conducted
by one reviewer and there might be errors or misclas-
sifications. We minimised this risk by using pre-defined
rules in data extraction and quality assessment. In meta-
analyses, we have combined high/medium to high SES and
medium/low to low SES groups when using the raw data
from primary studies. The simplification of these group-
ing may have lost some precision and richness of the data
and potentially some nuance in how different levels of SES
is associated with HRQoL. In general, the exposure of low
or high SES may generally represent the below average and
above average SES populations. We only included studies
that incorporated measurement of overall HRQoL, exclud-
ing 41 studies having subdomains of HRQoL. SES indica-
tors may be associated with some subdomains of HRQoL,
and this association would be missed in this review.
Finally, we restricted our review to peer reviewed English
publications, which is likely to have excluded some studies
from non-English speaking countries. However, the ‘global’
meta-analysis included more than 14 regions showing a
good representation of regions across the world.

In this systematic review and meta-analysis, we dem-
onstrate that people in low SES groups had an overall
poorer HRQoL after stroke compared with those from
high SES group regardless of which SES indicator was
used. Future studies exploring the dynamic nature of SES
and HRQoL before and after stroke, as well as the fac-
tors contributing to lower HRQoL after stroke in people
experiencing lower SES, may provide insights into inter-
ventions to reduce these differences.
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