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Low socioeconomic status appears to be an independent risk factor for stroke mortality in epidemiology studies,
but there has been no systematic assessment of this association. We performed a systematic review and meta-
Stroke analysis evaluating the association between low socioeconomic status and stroke mortality. A systematic review
Mortality . of MEDLINE, EMBASE, and Web of Science for cohort studies that reported low socioeconomic status and stroke
I;/;esiijlziilzsrlefview mortality was conducted from inception until July 2017. Research information, adjusted risk ratio (RR) esti-
Prospective cohort studies mates and 95% confidence intervals (Cls) were extracted. Estimates were pooled using a random-effects model.

Heterogeneity was examined using the Q statistic and I>. Twenty-seven prospective cohort studies (471,354,852
subjects; 429,886 deaths) assessing stroke mortality with low socioeconomic status were identified. Compared
with the highest socioeconomic status, overall RR of stroke mortality was 1.39 (95% CI, 1.31-1.48) for those
with the lowest after adjustment for confounding factors, but there was substantial heterogeneity between
studies (> = 89.9%, P = 0.001). Significant relationships were observed between risk of stroke mortality and
the lowest education (RR = 1.21, 95% CI 1.11-1.33; I> = 70.9%, P < 0.001), income (RR = 1.54, 95% CI
1.30-1.82; > = 91.6%, P < 0.001), occupation (RR = 1.54, 95% CI 1.35-1.75; I> = 78.3%, P < 0.001),
composite socioeconomic status (RR = 1.37, 95% CI 1.25-1.51; P = 69.5%, P = 0.001). After subgroup
analysis, it was found that the heterogeneity of each SES indicator mainly came from the follow-up time, study
population, stroke type, study area. Patients with low socioeconomic status had a higher risk of stroke mortality.
The heterogeneity of income and occupation is larger, and the education and composite SES is smaller.

1. Introduction et al., 2015). Therefore, it is essential to establish the relationship be-

tween socioeconomic disparities and stroke mortality. However, studies

Socioeconomic status (SES) is an individual's or family's position
relative to others, based on income, education and occupation, which
combine economics and sociology. The complexities of SES determine
the diversity of its indicator of measurement. Each single indicator has
its own limitations and reflects different aspects of SES. While multiple
indicators can comprehensively reflect the level of SES and overcome
the limitations of a single indicator.

In the past few decades, the incidence and mortality of stroke have
been on the decline in high-income countries, most likely due to im-
provement in primary and secondary prevention as well as acute stroke
treatment and rehabilitation (Katan and Luft, 2018). However, stroke
remains globally the second leading cause of death (Wang et al., 2015).
SES and other factors interact and modify the incidence and prevalence
of stroke. Socioeconomic disparities also affect the short-term and long-
term outcomes after stroke, especially for stroke mortality (Marshall

on association between SES and stroke mortality were inconsistent
(Page et al., 2012; McCormick and Chen, 2016; Pan et al., 2016; Shin
et al., 2017; Brown et al., 2013; Arrich et al., 2005; Zhou et al., 2006;
Lindmark et al., 2014; Chen et al., 2015). Several findings showed that
low education, income, occupation increased risk of stroke mortality
(Page et al., 2012; McCormick and Chen, 2016; Pan et al., 2016; Shin
et al., 2017), but others showed nothing associations (Pan et al., 2016;
Arrich et al., 2005; Zhou et al., 2006; Chen et al., 2015). May be due to
inconsistencies in the selection of SES indicators or region lead to dif-
ferences in the relationship between SES and stroke mortality. The
evidence showed that increased conventional risk factors explain about
half of these relationships between low SES and stroke mortality, such
as hypertension, diabetes, hyperlipidemia, smoking, sedentary
(McCormick and Chen, 2016; Pan et al., 2016; Shin et al., 2017; Brown
et al., 2013). In addition, evidence showed that people with lower SES
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were less likely to receive good-quality acute hospital and rehabilitation
care in many countries (Kapral et al., 2002; Glader et al., 2013; Chen
etal., 2014; Heeley et al., 2011). However, the extent of its contribution
to increased stroke risk in patients with low SES in other potential
mechanisms is not clear. Therefore, given the need to provide more
robust estimates regarding the relationship between low SES and stroke
mortality after adjusted for confounding factors.

2. Methods
2.1. Data sources and search

The present meta-analysis was conducted following guidelines for
Systematic Review and meta-analyses of observational studies
(MOOSE) (Stroup et al., 2000). Electronic database searches were
conducted using MEDLINE, EMBASE, and Web of Science from their
dates of inception to July 2017 using search strategy combined text
word and medical subject headings(Supplement 1). The database
search was performed by two authors (SW and HZ).

2.2. Study selection

Studies were independently screened by two authors (SW and BS)
using the following criteria. Inclusion criteria: (1) human prospective
cohort studies; (2) reported the Cause of Death or death certificate
register; (3) SES was clearly defined; (4) adjusted odds ratio (OR), re-
lative risk (RR) or hazard risk (HR) were reported together with 95%
confidence intervals (CIs) describing the association between low SES
and increased risk of stroke mortality; (5) considering that long-term
drug and rehabilitation treatment are needed to prevent recurrence or
treat sequelae. The endpoint time of follow-up must be more than one
year; (6) the study was published in Chinese or English. Exclusion cri-
teria: (1) cross-sectional and case-control studies due to the higher risk
of bias than in prospective cohort studies; (2) abstracts, protocols, let-
ters, expert opinions, case reports and reviews.

2.3. Data extraction

Information was collected on study characteristics, number of par-
ticipants, deaths with stroke, endpoint time of follow-up. The study
characteristics included year of publication, country, study population,
stroke type. The data were extracted for the longest follow-up time in
each article. Our study chose the education, income, occupation, and
composite SES to measure the SES. Education was considered the
number of years of schooling or categorical education levels (Pan et al.,
2016; Arrich et al., 2005; Zhou et al., 2006; Lindmark et al., 2014; Chen
et al., 2015; Avendano et al., 2004; Ahacic et al., 2012; Andersen et al.,
2014; Singh et al., 2015; Belleudi et al., 2016). We can see that al-
though the classification is based on education level or years, there are
also differences in grades in each article. Income was assessed with
different brackets. According to the average family income per capita
per month, taxable income, total annual income or income using
country census data (Ahacic et al., 2012; Arrich et al., 2005; Chen et al.,
2015; Jakovljevi¢ et al., 2001; Kapral et al., 2002; Li et al., 2008;
Lindmark et al., 2014; Pan et al., 2016; Singh et al., 2015; Zhou et al.,
2006). Occupation was categorized in different ways (Pan et al., 2016;
Arrich et al., 2005; Zhou et al., 2006; Chen et al., 2015; Singh et al.,
2015; Bennett, 1996; Kunst et al., 1998). The most common is the di-
vision of occupations into manual and non-manual, or unemployed,
working in own household and retirement. Some studies have more
specific occupational classifications, such as unskilled worker, skilled
worker, self-employed, white-collar, blue-collar, professional, manage-
rial, non-professional, clerical or sales. Composite SES was measured by
more than one individual SES indicator, which is synthetically calcu-
lated by mathematical method (Brown et al., 2013; Chen et al., 2014;
Heeley et al., 2011; Page et al., 2012; McCormick and Chen, 2016; Pan
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et al., 2016; Cesaroni et al., 2009; Mariani et al., 2016; Yan et al.,
2017). We obtain effect estimates from the adjusted model, and that
means adjustment for confounding factor including age, sex, race,
smoking, hypertension, diabetes, heart disease and other relative fac-
tors. We assessed the quality of cohort studies using the Newcastle-
Ottawa Scale (NOS) (Wells et al., 2019).

2.4. Statistical analysis

If stroke mortality probability is small (< 10%), OR is close to RR,
which we corrected for the case when stroke mortality probability
is > 10% using the formula: RR = OR/((1 — Py) + (Py*OR)) (Zhang
and Yu, 1998). The HR is often perceived as an RR (Stare and Maucort-
Boulch, 2016). The included study estimates were combined using in-
verse variance in a random-effect model. Heterogeneity was reported
using Q statistic and the I? statistic, with a P value < 0.10 for Q con-
sidered to represent statistically significant between study hetero-
geneity (Doi et al., 2015); for I* statistic < 50% were classified as low
heterogeneity; 50-75%, moderate heterogeneity; and > 75%, high
heterogeneity (Higgins and Thompson, 2002). Then the heterogeneity
of subgroup analyses was analyzed. Publication bias was evaluated
using Begg's and Egger's tests. A P value of < 0.05 was considered
statistically significant, and all analysis was performed using Stata 13.0
(Stata Corp LP).

3. Results
3.1. Study selection and characteristics

Using this search strategy, 28,571 potentially relevant studies were
retrieved from three electronic databases. After eliminating studies
based on review of abstracts, titles and duplication, 429 studies re-
mained for assessment. Finally, 27 cohort studies comparing stroke
mortality between the lowest and highest SES were included in the
meta-analysis (Fig. 1).

27 cohort studies involved 471,354,852 subjects, including 429,886
cases of death with stroke (Supplement 2). Two studies did not indicate
the number of participants. Fifteen studies were conducted in Europe,
five in Asia, three in Oceania, and four in North America. Seventeen
studies were population-based and ten were hospital-based. Nineteen
studies examined mortality due to stroke; six due to ischemic stroke;
and two due to hemorrhagic stroke. Follow-up time ranged from one to
27 years, and most studies did not report follow-up rate. Across the
studies, SES was measured in terms of education (12studies), (Pan et al.,
2016; Salonen, 1982; Zhou et al., 2006; Lindmark et al., 2014; Chen
et al., 2015; Avendano et al., 2004; Ahacic et al., 2012; Andersen et al.,
2014; Singh et al., 2015; Belleudi et al., 2016; Arrich et al., 2005;
Langagergaard et al., 2011) income (13studies), (Pan et al., 2016;
Jakovljevi¢ et al., 2001; Li et al., 2008; Salonen, 1982; Zhou et al.,
2006; Lindmark et al., 2014; Chen et al., 2015; Kapral et al., 2002;
Ahacic et al., 2012; Andersen et al., 2014; Singh et al., 2015; Arrich
et al., 2005; Langagergaard et al., 2011) occupation (10studies), (Pan
et al., 2016; Arrich et al., 2005; Zhou et al., 2006; Chen et al., 2015;
Singh et al., 2015; Bennett, 1996; Kunst et al., 1998; Salonen, 1982;
Langagergaard et al., 2011; Virtanen and Notkola, 2002) or a composite
SES indicator (10 studies) (Arrich et al., 2005; Brown et al., 2013;
Cesaroni et al., 2009; Chen et al., 2014; Heeley et al., 2011; Pan et al.,
2016; Shin et al., 2017; Yan et al., 2017). The NOS quality of 25 in-
cluded studies was more than seven scores. The detailed evaluation of
NOS scores was not showed, see Supplement 3.

3.2. Risk of stroke mortality with the lowest SES
The forest plot in Fig. 2 summarizes the risk of stroke mortality in

the lowest SES group compare with the risk in the highest SES group,
overall RR was 1.39 (95% CI, 1.31-1.48), but there was substantial
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Fig. 1. Flowchart of study identification and selection for meta-analysis.

heterogeneity between studies (I> = 89.9%, P = 0.001). Significant
relationships were observed between risk of stroke mortality and the
lowest education (RR = 1.21, 95% CI 1.11-1.33; I* = 70.9%,
P < 0.001), income (RR = 1.54, 95% CI 1.30-1.82; I* = 91.6%,
P < 0.001), occupation (RR = 1.54, 95% CI 1.35-1.75; I? = 78.3%,
P < 0.001), composite SES (RR = 1.37, 95% CI 1.25-1.51;
I? = 69.5%, P = 0.001).

3.3. Subgroup analysis

To further explore the heterogeneity of studies, participants were
stratified by follow-up time, study population, stroke type, study area
(Table 1).

An association between stroke mortality and lowest education

(RR = 1.14, 95% CI 1.02-1.27; I> = 44.0%, P = 0.059), income
(RR = 1.39, 95% CI 1.18-1.62; I* = 88.3%, P < 0.001), occupation
(RR = 1.71, 95% CI 1.27-2.30; I> = 85.4%, P < 0.001), and com-
posite SES (RR = 1.36, , 95% CI 1.18-1.56; I? = 85.5%, P < 0.001)
were observed in follow-up < 5 years. The association was also ob-
served in follow-up = 5 years, lowest education (RR = 1.30, , 95% CI
1.14-1.49; > = 55.9%, P = 0.059), income (RR = 1.87, 95% CI
1.66-2.11; > = 0.0%, P = 0.519), occupation (RR = 1.52, 95% CI
1.31-1.77; I* = 57.1%, P = 0.040), and SES composite indicator
(RR = 1.34, 95% CI 1.21-1.48; I = 73.7%, P < 0.001).

The association between stroke mortality and lowest education
(RR = 1.57, 95% CI 1.17-2.10; I> = 50.6%, P = 0.108), income
(RR = 1.62, 95% CI 1.32-1.99; I> = 0.0%, P = 0.996), occupation
(RR = 1.52, 95% CI 1.31-1.77; I> = 0.0%, P = 0.040), and composite
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Fig. 2. Risk of stroke mortality with the lowest SES compared with the highest SES.

SES (RR = 1.34, 95% CI 1.21-1.48; I> = 73.7%, P < 0.001) were
significant based on population, and was observed based on hospital,
low education (RR = 1.14, 95% CI 1.05-1.24; I* = 36.4%, P = 0.138),
income (RR = 1.50, 95% CI 1.22-1.83; I = 94.7%, P < 0.001), oc-
cupation (RR = 1.71, 95% CI 1.27-2.30; I2 = 85.4%, P < 0.001), and
composite SES (RR = 1.64, 95% CI 1.31-2.05; P =21%,P = 0.312).

An association between stroke mortality and lowest education
(RR = 1.22, 95% CI 1.10-1.36; I> = 77.6%, P < 0.001), income
(RR = 1.46, 95% CI 1.21-1.76; I = 92.6%, P < 0.001), occupation
(RR = 1.47, 95% CI 1.29-1.68; I* = 74.4%, P = 0.001) were observed,
with a higher heterogeneity, but composite SES with a lower hetero-
geneity (RR = 1.48, 95% CI 1.24-1.77; I? = 36.3%, P = 0.208). There
was an association between ischemic stroke mortality and lowest oc-
cupation (RR = 2.09, 95% CI 1.18-3.70; I* = 89.0%, P < 0.001), with
a higher heterogeneity. An association between hemorrhagic stroke and
composite SES was observed, with no heterogeneity (RR = 1.16, 95%
CI 1.06-1.26; I* = 0.0%, P = 0.450).

The association between stroke mortality and lowest education
(RR = 1.18, 95% CI 1.06-1.31; I> = 77.4%, P < 0.001), income
(RR = 1.58, 95% CI 1.25-1.99; I> = 88.0%, P < 0.001) was sig-
nificant in Europe, with a higher heterogeneity. An association between
stroke mortality and lowest occupation (RR = 1.36, 95% CI 1.26-1.46;
I> = 0.0%, P = 0.420) and composite SES (RR = 1.16, 95% CI
1.06-1.26; I> = 0.0%, P = 0.450) were observed in Europe, with no
heterogeneity. There association between stroke mortality and lowest
composite SES in Asia (RR = 1.48, 95% CI 1.24-1.77; I’ = 36.3%,
P = 0.208), America (RR = 1.48, 95% CI 1.41-1.56; I* = 0.0%,
P = 0.401), and Oceania (RR = 1.45, 95% CI 1.31-1.60; I? = 0.0%,
P = 0.401), with low heterogeneity.

3.4. Publication bias

Fig. 3, funnel plots assessed using Begg's and Egger's tests did not
indicate evidence of publication bias for data assessing SES in terms of
education (Begg's P = 0.58, Egger's P = 0.44), occupation (Begg's
P = 0.65, Egger's P = 0.90), or a composite SES indicator (Begg's
P = 0.53 Egger's P = 0.70). However, there was publication bias for
data assessing SES in terms of income (Begg's P = 0.46, Egger's
P = 0.01), the absence of statistically significant results of Egger's and
Begg's test could be due to low statistical power of these tests.

4. Discussions

The result of the study has high heterogeneity. The lowest educa-
tion, income, occupation and composite SES was associated with in-
creased risk of stroke mortality. The risk of stroke mortality in patients
with lower income and occupation is higher(RRincome = RRoccupation)-
While the contribution of the lowest education for risk of stroke mor-
tality is lower. After subgroup analysis, it was found that the hetero-
geneity was mainly from income and occupation, and education and
composite indicators was small, may be due to the difference of clas-
sification of SES. Heterogeneity of each SES indicator mainly came from
the follow-up time, study population, stroke type, study area. For
education, the studies of follow-up time = 5 years, based-population,
and Europe have a higher heterogeneity. May be there is a big differ-
ence in education among European populations. Stroke treatment and
rehabilitation is a long-term process, and patients with high educational
level may have an effective management of stroke. For income, the
source of heterogeneity is the same as occupation, and opposite of
education. May be the indicator of income and occupation are unstable
indicators and vulnerable to the development of society and economy,
especially for low-and -middle income countries. Previous study has
shown that risk of stroke mortality was higher in low-and -middle

income countries than in high-income countries. (Yusuf et al., 2014)
For composite SES, the source of heterogeneity is follow-up time, based-
population, may be due to the difference of calculation method of
composite SES. Based on available evidence, we also found that the risk
of stroke mortality in patients with the lowest education, income, and
occupation in Europe was lower than Asia, America, and Oceania. This
may be due to socioeconomic inequalities is smaller, and the effective
stroke management was carried in Europe. (Mikulik et al., 2017) In
addition, this analysis was limited due to lack of data reported on
specific stroke subtype in the majority of studies. Five studies reported
that the association between occupation, composite SES and increased
risk of ischemic stroke mortality. (Pan et al., 2016; Shin et al., 2017;
Zhou et al., 2006; Belleudi et al., 2016; Yan et al., 2017) Two studies
reported that there was an association between lower income or com-
posite SES and increased risk of hemorrhagic stroke. McCormick and
Chen, 2016; Jakovljevi¢ et al., 2001

Although no association between lowest occupation and stroke
mortality was not observed in three original studies from high income
countries(Finland and USA), (Singh et al., 2015; Salonen, 1982;
Virtanen and Notkola, 2002) the manual is still associated with in-
creased stroke mortality in meta-analysis, this is consistent with most
findings of studies. A large based-population study indicated higher
stroke mortality in men with manual among 30-64 years compared
with non-manual in several countries of the European Union as well as
in the USA. (Kunst et al., 1998) This discrepancy was considerably large
in England, Wales, Ireland, and Finland. Australia, which is not part of
continental Europe, found similar results, men aged 25-64 in manual
occupations were at least 60% more likely to die from stroke. (Bennett,
1996) Similarly, A research reported that unskilled workers, skilled
workers, patients with lower income, early retired patients had a higher
stroke mortality in Austria. (Arrich et al., 2005) Previous study from
Finland showed that working conditions explained a relatively small
portion of socioeconomic inequalities in stroke mortality among men,
and association between inequalities and occupation were more attri-
butable to varying levels of education and income. (Virtanen and
Notkola, 2002) The reason for this relationship may be the most in-
fluential job exposures in men, such as appeared to be shift work, low
control, diesel exhaust, or they had the bad behavior of excessive al-
cohol consumption. (Virtanen and Notkola, 2002; Hart et al., 1999)

We found that most studies measured SES using education and in-
come. A study from Sweden reported that low income was associated
with higher 28-day and 1-year fatality rates in men in aged 40 to
65 years, but not in Women. (Li et al., 2008) But a result of study was
observed that education and income had only a limited effect on fatality
in acute phase (Lindmark et al., 2014) In Italy, elementary education
level was inversely associated with mortality both in acute and post-
acute phases after ischemic stroke. (Belleudi et al., 2016) In a the
9.5 years follow-up study from Denmark showed that survival of pa-
tients with low income was reduced by 30%. (Andersen et al., 2014)
This showed that the effect of SES on post-stroke death was on late, and
the survival inequality after stroke increased markedly over time. Large
socioeconomic discrepancies in long-term survival after stroke may
exist also in income inequity countries. But in subgroups analysis we
found that short-term stroke mortality with lowest education was
higher than long-term, probably those with lowest education lack of
awareness of stroke onset and missed the best treatment time con-
tributing to poor outcome. (Ramirezmoreno et al., 2016; Liu et al.,
2011) However, long-term risk of stroke mortality with lowest income
was higher than short-term, may be due to lowest income did not re-
ceive effective rehabilitation or subsequent treatment. (Langagergaard
et al., 2011; Huang et al., 2013) Data from China National Stroke
Registry (CNSR) showed that patients with low education, manual la-
boring, and low income had a higher stroke mortality. (Pan et al., 2016)
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However, the association in patients with lower occupation and in-
come, (Chen et al., 2015) or educational level (Zhou et al., 2006) was
not confirmed in other studies from Nanjing, China. Arrich et al re-

cation did not. (Arrich et al., 2005) Differences in results may be due to
We found that the low composite SES increased stroke mortality. In

different classifications of SES indicators, and most studies in China was
mainly based on hospital, the samples were not sufficiently re-

ported that income and occupation affected stroke mortality, but edu-
presentative, resulting in negative results.
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UK, there were two based-population studies showed that patients with
SES deprivation using carstairs scores have a higher risk of stroke
mortality. (McCormick and Chen, 2016; Chen et al., 2014) Similar
evidence indicated that people living in areas that were relatively more
deprived in socioeconomic conditions experienced higher rates of
stroke. (Heeley et al., 2011) Previous study from in Korea reported that
for the patients with low income in advantaged regions had a high
mortality compared to the others in disadvantaged regions. (Shin et al.,
2017) While living in a socioeconomically disadvantaged neighborhood
is associated with higher stroke mortality at one year in the United
States. (Brown et al., 2013) Interestingly, a study reported that differ-
ences in mortality rates between lower and higher SES groups narrowed
for stroke from 1979 to 2006, may be changes in the health care system
increased health care support for patients with low SES. (Page et al.,
2012)

There are several strengths of the present meta-analysis. We in-
cluded the single, and composite SES indicator to analyze, not only
focusing on different aspects of SES but also the overall level of SES.
The relatively large number of studies was included. Therefore, the
association between SES and stroke mortality could be estimated with a
relatively high accuracy. In addition, inclusion of prospective studies
can avoid the recall or selection bias of case-control studies. Our meta-
analysis has several limitations. First, income, education, occupation
and composite SES were classified differently, which may lead to
measurement bias. But it is inevitable, because the choice of SES in-
dicator is associated with the social and cultural background at that
time. Second, there are two small sample studies from China, (Zhou
et al., 2006; Yan et al., 2017) which may contribute to selection bias.
Although the sample size of some studies is small, it still contributes to
the overall pooled analysis and increase the overall sample size. Third,
except for several articles only adjusted for age, (Avendano et al., 2004;
Bennett, 1996; Cesaroni et al., 2009) sex, (Mariani et al., 2016) ethni-
city (Jakovljevi¢ et al., 2001) or place of residence, (Page et al., 2012;
Kunst et al., 1998) most article adjusted demographic, cardiovascular,
clinical factors, the results will overestimate the effect of socioeconomic
status on stroke mortality, due to patients received receive stroke unit
care, secondary prevention factors, revascularisation treatment have a
better survival. May be patients with low SES or socioeconomic de-
privation are less likely to receive stroke unit care, imaging examina-
tion, medication, and rehabilitation after stroke, which lead to higher
risk of stroke mortality. (Kapral et al., 2002; Huang et al., 2013; Chen
et al., 2014) Forth, data of > 1 year were included for analysis, not
included short-term mortality trends in this study. Finally, studies on
the SES impact of stroke mortality are more common in high-income
countries and not be sufficient in low-and middle-income countries, so
analysis of country of origin was not conducted.

5. Conclusions

Te results of this study suggest that low income, education, occu-
pation and composite SES were associated with increased risk of stroke
mortality. However, the heterogeneity between the studies is larger,
mainly due to the difference of SES indicator including choice and
classification, follow-up time, study population, stroke type, study area.
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