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Abstract

Aim Cardiovascular disease (CVD) remains one of the leading causes of mortality worldwide, and several studies have
indicated the association between socioeconomic status (SES) with CVD and cardiovascular risk factors (CVRFs). It is
necessary to elucidate the association of SES and CVRFs with CVD.

Subject and methods We searched PubMed, Embase, Web of Science, and the Cochrane Library for publications, using
“socioeconomic status,” “cardiovascular disease,” and corresponding synonyms to obtain literature. The quality of studies
was evaluated using the National Institutes of Health Quality Assessment Tool (NIH-QAT). All analyses were performed
using Stata V.12.0.

Results There were 31 eligible studies included in this meta-analysis. All studies presented a low risk of bias via NIH-QAT
assessment. As for CVD incidence/mortality, pooled hazard ratios (HR) of low and middle vs. high income were [HR = 1.22
(1.17-1.28); HR = 1.12 (1.09-1.16)] and [HR = 1.37 (1.21-1.56); HR = 1.19 (1.06—1.34)]. The HR of education were [HR
=1.44(1.28-1.63); HR = 1.2 (1.11-1.3)] and [HR = 1.5 (1.22-1.83); HR = 1.13 (1.05-1.22)]. The HR of deprivation were
[HR =1.28 (1.16-1.41); HR = 1.07 (1.03-1.11)] and [HR = 1.19 (1.11-1.29); HR = 1.1 (1.02-1.17)]. SES was negatively
correlated with CVD outcomes. A subgroup analysis of gender and national income level also yielded a negative correlation,
and additional details were also obtained.

Conclusions SES is inversely correlated with CVD outcomes and the prevalence of CVRFs. As for CVD incidence, women
may be more sensitive to income and education. In terms of CVD mortality, men may be more sensitive to income and
education, and people from low- and middle-income countries are sensitive to income and education.
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Introduction

Significant advances have recently been achieved in car-
diovascular disease (CVD) management, but CVD is still
one of the leading causes of death globally. The morbid-
ity and mortality of CVD remain high in both developed
and developing countries (Goswami et al. 2021), posing a
major burden on global health, society, and finance (Timmis
et al. 2022; Townsend et al. 2022). Extensive studies have
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demonstrated that CVD may be associated with socioeco-
nomic status (SES) and cardiovascular risk factors (CVRFs)
(Havranek et al. 2015; Kaplan and Keil 1993; Woodward
et al. 2007; Hippisley-Cox et al. 2008). Thus, it is necessary
to investigate the association of SES with CVD and CVRFs.

Some previous meta-analyses assessed the relationship
between SES and CVD only by exploring limited aspects of
CVREFs, such as gender, education, and income(Khaing et al.
2017; Backholer et al. 2017), rather than comprehensively
analyzing the underlying association among them. In addi-
tion, there is no meta-analysis to systematically analyze the
association considering different income levels in different
countries. The latest review we retrieved was published in
2018 (Schultz et al. 2018), which is four years ago. Due
to the COVID-19 epidemic since 2019, the economies of
countries worldwide have been affected to various degrees,
resulting in a widening gap between country economies,
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which may present a deviation of previous research results
from the current situation. We believe that a meta-analysis is
needed to update the results of previous studies and further
elucidate the relationship between SES, CVRFs, and CVD,
hoping to provide a theoretical basis for the treatment and
prevention of CVD in the future.

Methods

This study was carried out based on the Cochrane Hand-
book for the Systematic Review of Interventions (for
details, see http://training.cochrane.org/handbook) and
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Statement (PRISMA)(Moher et al. 2009).
The research protocol was registered on PROSPERO (ID:
CRD42022352904).

Inclusion and exclusion criteria
Research types

The research types included observational cohort and cross-
sectional studies.

Research participants

The research participants were enrolled when cases were at
(1) age > 18 years old, and (2) had no other major diseases
other than CVD.

Intervention measures

(1) The SES indicators of the exposed group were at low or
medium levels in the research group. The SES indicators of
the observation group were at a high level in the research
group. (2) The observation period was longer than or equal
to 12 months.

Outcomes and study factors

The outcomes of our study were CVD incidence and mor-
tality. SES, including income, education, and deprivation,
was our study factor, which was reported differently across
studies.

To standardize data for included studies, if original
studies reported SES as quartiles or four groups, the 1st,
2nd+3rd, and 4th quartiles or groups were reclassified into
three groups: low, middle, and high, respectively. If stud-
ies reported SES as quintiles or five groups, the 1st+2nd,
3rd+4th, and 5th quintiles or groups were reclassified as
low, middle, and high, respectively. When a study reported
a reference group, which was not the highest SES group,
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the relevant HR and 95% confidence intervals (CI) were
recalculated using the highest one as a reference, utilizing
a method developed by Hamling et al. (2008). Based on the
income classification by World Bank, we divided the coun-
tries selected for our research into low- and middle-income
countries (LMICs) and high-income countries (HICs).

Exclusion criteria

(1) SES was not addressed or SES indicators were not stated;
(2) Duplicated studies (for overlapping data, the latest pub-
lished study and/or the one with the largest sample size
would be selected); (3) Reviews, conference abstracts, case
reports, letters, animal tests, etc.; and (4) Studies published
were not written in English.

Search strategy

A researcher systematically searched PubMed, Embase,
Web of Science, and the Cochrane Library for publications
prior to March 24, 2022, using predefined keywords and
Medical Subject Headings (MeSH), including “socioeco-
nomic status,” “cardiovascular disease,” and their synonyms
to obtain relevant literature. Due to the long time spent on
data processing, we conducted a complementary search on
August 5, 2022, using the same search terms as the above
described. Furthermore, potential candidate papers were
manually checked in the references of the included studies.
This study does not require ethical approval or patient con-
sent. Online Resource 1 outlines the search strategy in detail.

Review for inclusion

Two researchers independently examined the eligibility and
screened the titles and abstracts of all identified potential
studies. Then, the two researchers continued with a full-
text review to finalize the study selection. If there was any
disagreements, a common decision was made together with
a third researcher.

Data extraction and quality assessment

Data were extracted from each eligible study by two
researchers. Any disagreements were resolved through dis-
cussion with a third reviewer to ensure the validity of the
research results. Extracted data included authors, year of
publication, country, sample size, gender, exposed group,
observation group, SES indicators, and outcome indicators.

Two researchers independently evaluated the quality
of included studies using the National Institutes of Health
Quality Assessment Tool (NIH-QAT) (available from
https://www.nhlbi.nih.gov/health-topics/study-quality-asses
sment-tools), including 14 items, such as “Are the study
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issues or objectives identified in this article?”, etc., and any
inconsistencies or disputes were settled by a third reviewer.
Each study was assessed as low risk of bias (most criteria
met), middle risk of bias (some criteria met), or high risk of
bias (few criteria met).

Statistical analysis

Stata 12.0 software was adopted to perform statistical analy-
sis of the included literature, such as the tests for heteroge-
neity, publication bias analysis, and sensitivity analysis. To
compare the highest group with the lowest or middle group
of SES, HR, and 95%CI were calculated using a logarithmic
transformation. Heterogeneity was determined using the Q
statistic and I? tests. If P > 0.1 and I” < 50%, the heterogene-
ity between studies was acceptable, and a fixed effects model
was adopted for meta-analysis; If P < 0.1 or 12 > 50%, het-
erogeneity between studies was high, and a random effects
model was employed for meta-analysis.

Results
Study selection

Records from all retrieved search results were downloaded
and merged with Endnote version X9. A total of 33,745
potentially relevant studies were initially detected through
database searches (PubMed n = 2567, Embase n = 18,849,
the Cochrane Library n = 487, and Web of Science n =
11,842). After excluding 5248 repeated studies during an
initial evaluation, we subsequently excluded 11,501 studies
published before 2010. Given the world’s economic develop-
ment and changes in people’s living standards, such studies
before 2010 may not be suitable for the current situation.
Meanwhile, 2872 articles were not written in the English
language or did not conform to disease studies, and 8631
articles were reviews, conference abstracts, case reports, let-
ters, and animal tests, which were ruled out. The remaining
literature was further screened for titles, abstracts, and full
texts, and 5462 studies were excluded. Ultimately, 31 stud-
ies published between 2010 and 2022 were included. The
literature identification process is demonstrated in Fig. 1.

Study characteristics

A total of 31 studies (Deguen et al. 2010; Gerber et al. 2010;
Christensen et al. 2011; Donyavi et al. 2011; Sauvaget et al.
2011; Blais et al. 2012; Koopman et al. 2012; Machon et al.
2012; Masoudkabir et al. 2012; van Oeffelen et al. 2012;
Alter et al. 2013; Quan et al. 2013; Coady et al. 2014;
Wang et al. 2014; Thorne et al. 2015; Floud et al. 2016;
Kilpi et al. 2016; Colantonio et al. 2017; Kilpi et al. 2017;

Cho et al. 2019; Geyer et al. 2019; Kjerulff et al. 2019;
Kriegbaum et al. 2019; Rosengren et al. 2019; An et al.
2020) were included, and the studies on HICs were in the
majority, while few studies focused on LMICs. Each study
had a large sample size, and all analyzed both women and
men with one exception, which only focused on the factors
related to women. Through a comprehensive assessment of
the included studies, SES indicators, including income, edu-
cation, and deprivation index, were determined. The sum-
mary of the basic characteristics of the included studies is
presented in Table 1.

Results of the quality assessment

Based on the NIH-QAT checklist, all included studies pre-
sented a low risk of bias. The least frequently reported item
in the included studies was “item 13.” “Item 10” and ““item
12” were not applicable. Further information about the risk
of bias assessment is described in Online Resource 2.

The results of meta-analysis

A meta-analysis was conducted to investigate the relation-
ship between SES and CVD outcomes through the aspects of
income, education, and deprivation. More detailed informa-
tion is presented in Online Resource 3.

Income and CVD outcomes

Twenty-one studies (Sauvaget et al. 2011; Koopman et al.
2012; Masoudkabir et al. 2012; van Oeffelen et al. 2012;
Alter et al. 2013; Quan et al. 2013; Coady et al. 2014; Wang
et al. 2014; Kilpi et al. 2016, 2017; Cho et al. 2019; Geyer
et al. 2019; An et al. 2020) assessed the effects of income
on CVD outcomes. A random-effects model (I> = 75.3%, P
=0.000; > =92.7%, P = 0.000) was adopted to combine
the effect sizes, and the analysis results revealed that the risk
of CVD incidence in low- and middle-income groups was
22% and 12% higher than that in the high-income group,
respectively [HR = 1.22, 95%CI (1.17, 1.28); HR = 1.12,
95%CI (1.09, 1.16)]. Meanwhile, the risk of CVD mortality
in low- and middle-income groups was 37% and 19% higher
than that in the high-income group, respectively [HR=1.37,
95%CI (1.21, 1.56); HR = 1.19, 95%CI (1.06, 1.34)]. The
effects of income on CVD incidence and mortality are
shown in Fig. 2.

Education and CVD outcomes
Ten studies (Christensen et al. 2011; Donyavi et al. 2011;
Masoudkabir et al. 2012; Floud et al. 2016; Kilpi et al.

2016, 2017; Kriegbaum et al. 2019; Rosengren et al.
2019; Hassen et al. 2020; Ge et al. 2022) assessed the
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Fig. 1 Flow chart of study inclusion identification

effects of education on CVD outcomes. A random-effects
model (I = 82.8%, P = 0.000; I* = 67.8%, P = 0.003)
was adopted to combine the effect sizes, and the analysis
results revealed that the risk of CVD incidence in low-
and middle-education groups was 44% and 20% higher
than that in the high-education group, respectively [HR
= 1.44, 95%CI (1.28, 1.63); HR = 1.20, 95%CI (1.11,
1.30)]. In addition, the risk of CVD mortality in low- and
middle-education groups was 50% and 13% higher than
that in the high-education group, respectively [HR = 1.50,
95%CI (1.22, 1.83); HR = 1.13, 95%CI (1.05, 1.22)]. The
effects of education on CVD incidence and mortality are
shown in Fig. 3.
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Deprivation and CVD outcomes

Eight studies (Deguen et al. 2010; Gerber et al. 2010; Blais
et al. 2012; Machén et al. 2012; Thorne et al. 2015; Floud
et al. 2016; Colantonio et al. 2017; Jin et al. 2021) assessed
the effects of deprivation on CVD outcomes. To facilitate
the analysis and comparison of other SES indicators, the low
group was considered to have the highest deprivation index,
that is, the lowest SES. The high group was regarded as hav-
ing the lowest deprivation index, that is, the highest SES. A
random-effects model (I2 =55.0%, P = 0.049; 1> = 69.7%,
P =0.000) was adopted to combine the effect sizes, and the
analysis results revealed that the risk of CVD incidence in
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Table 1 Study characteristics

Author (year) Country Total sample size Gender Exposure group Observation SES” indicators  Outcome indi-
group cators
Wang et al. China 23568 Both Low High Income Mortality
(2014) Middle
Van Oeftelen Holland 76351 Both Quintile 5 Quintile 1 Income Mortality
et al.(2012) Quintile 4
Quintile 3
Quintile 2
Koopmanetal.  Holland 317564 Both Quintile 5 Quintile 1 Income Incidence
(2012) Quintile 4
Quintile 3
Quintile 2
Tetzlaff et al. German 1253083 Both Low High Income Incidence and
(2021) Middle mortality
Geyer et al. German 18390577 Both Low High Income Incidence and
(2019) Middle mortality
Sung et al. Korea 178812 Both Low High Income Mortality
(2020) Middle
Hassen et al. Belgium, France 14322 Both Low High Income Incidence
(2020) Middle
Low High Education
Middle
Coady et al. Ameirica 15972 Both Quintile 1 Quintile 5 Income Mortality
(2014) Quintile 2
Quintile 3
Quintile 4
Cho et al.(2019) Korea 2705090 Both Low High Income Incidence
Middle
Alter et al.(2013) Canada 1368 Both Low High Income Mortality
Middle
Rosengren et al.  America, China, 154169 Both Poorest third Richest third Income Incidence and
(2019) Tanzania and Middle third mortality
ot.her 17 coun- None or primary Trade school, Education
tries only; college, oruni-
Secondary versity
Masoudkabir Iran 6504 Both Ist tertile 3rd tertile Income Incidence
et al.(2012) 2nd tertile
0-5 years >12 years Education
6-12 years
Quan et al.(2013) Canada 3531089 Both Quintile 1 Quintile 5 Income Incidence
Quintile 2
Quintile 3
Quintile 4
An et al.(2020) Ameirica 77101 Both $0-$34.9k; >$80k Income Incidence
$35k-$49.9k;
$50-$64.9k;
$65k—$79.9k;
Machado et al. Ameirica 5579 Both Quintile 1 Quintile 5 Income Incidence
(2021) Quintile 2
Quintile 3
Quintile 4
Kjeerulff et al. Denmark 95274 Both Low High Income Mortality
(2019) Middle
Sauvaget et al. India 167331 Both <%1500; >35000 Income Mortality
(2011) %1500-33000;
33001-35000;
Christensen et al. Denmark 18486 Both <8 years; >10 years Education Incidence
(2011) 8-10 years
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Table 1 (continued)

Author (year) Country

Total sample size Gender

Exposure group

Observation
group

SES” indicators

Outcome indi-
cators

Ge et al.(2022) China

Donyavi et al. Iran
(2011)

Kilpi et al.(2017)  Finland

Kriegbaum et al. Denmark
(2019)

Kilpi et al.(2016) Finland

Floud et al. UK
(2016)

Deguen et al. France
(2010)

Colantonio et al.  Ameirica
(2017)

Jin et al.(2021) Scotland

Thorne et al. UK
(2015)

Machén et al. Spain
(2012)

4725

1283

94501

1235142

302885

1202983

1193

9066

217965

30663

3974

Both

Both

Both

Both

Both

Bemale

Both

Both

Both

Both

Both

Low
Middle

Low
Middle

Illiterate;
1-5 years;
6-9 years;
10-12 years;
Quintile 5
Quintile 4
Quintile 3
Quintile 2
Basic
Secondary
Quartile 1
Quartile 2
Quartile 3

Ist tertile
2nd tertile
Quintile 5
Quintile 4
Quintile 3
Quintile 2
Basic;
Secondary;
Lowest tertiary;
Quintile 5
Quintile 4
Quintile 3
Quintile 2

< Compulsory-
schooling;
Compulsoryschool-
ing;
Technical; Second-
ary
Quintile 5
Quintile 4
Quintile 3
Quintile 2
Quartile 4
Quartile 3
Quartile 2
Quintile 5
Quintile 4
Quintile 3
Quintile 2
Quintile 5
Quintile 4
Quintile 3
Quintile 2
Quintile 5
Quintile 4
Quintile 3
Quintile 2

High

High

> 12 years

Quintile 1

Tertiary

Quartile 4

3rd tertile

Quintile 1

Higher and lower
tertiary

Quintile 1

Tertiary

Quintile 1

Quartile 1

Quintile 1

Quintile 1

Quintile 1

Income

Education

Education

Income

Education

Income

Education

Income

Education

Deprivation
index

Education

Deprivation
index

Deprivation
index

Deprivation
index

Deprivation
index

Deprivation
index

Mortality

Mortality

Incidence

Incidence

Incidence and
mortality

Incidence and
mortality

Incidence

Incidence

Mortality

Mortality

Mortality
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Table 1 (continued)

. B * . . . .
Author (year) Country Total sample size Gender Exposure group Observation SES" indicators ~ Outcome indi-
group cators
Blais et al.(2012) Canada 53130 Both Quintile 5 Quintile 1 Deprivation Mortality
Quintile 4 index
Quintile 3
Quintile 2
Gerber et al. Israel 1179 Both Low High Deprivation Mortality
(2010) Middle index
*SES, socioeconomic status
a b
Study % Study %
D HR(95% Cl)  Weight o HR(95%Cl)  Weight
low ! H
Yongil Cho (2019) - 116 (1.13, 1.18) 7.08 low i
Hude Quan (2013) —_— 124(112. 136) 3.89 Jen-Yu Wang (2014) | —— 163 (1.41,1.85) 5.08
Sara Machado (2021) —_— 134 (1.1, 1.56) 1.96 Jidong Sung (2020) L —— 1.73(1.50, 2.00) 5.02
Juliane Tetzlaff (2021) ——— 135 (118, 152) 2.92 Aloysia A. M. van Oeflelen (2012) e 1.13(0.89, 1.36) 430
Siegfried Geyer (2019) —_— 1.17 (086, 1.49) 0.90 Juliane Tetzlaff (2021) —_— 1.25(1.01, 1.48) 452
Hamid Yimam Hassen (2020) —— 1.22(1.15, 1.30) 5.44 Siegfried Geyer (2019) I S — 1.43(0.74,2.11) 1.84
JA""'“A?(;E&%')S" (2019) < Hg 8"1)4' :gg ;gf David A Alter (2013) —_—— 1.46(1.06,2.03) 3.18
jaejin —— A 410, 1. .
Farzad Masoudkabir (2012) — 1 s 118 (0.81, 1.70) 0.52 Annika Rosengren (2019) [ 138(1.15,1.60) 479
) Yilan Ge (2022) ———————— 1.80(1.27,255) 2.97
Fanny Kilpi (2017) — 139.(1.17, 1.60) 2.21 h
Margit Kriegbaum (2019) | ————— 159(1.22,1.96) 1.16 Sean A Coady (2014) = 1.05(1.00, 1.11) 5.70
Fanny Kilpi (2016) —— 1.09 (1.01, 1.17) 4.87 Kjeerulff (2019) —_— 1.33(1.20,1.48) 536
Carla Koopman (2012) 3| 1.32(1.24, 1.40) 5.47 Catherine Sauvaget (2011) - 1.32(1.20, 1.44) 5.46
Subtotal (I-squared = 69.9%, p = 0.000) < 122 (117, 1.28) 46.30 Subtotal (I-squared = 88.5%, p = 0.000) P 1.37(1.21, 1.56) 48.23
H b
middle ] middle i
1
Yongil Cho (2019) * 1.10(1.08, 1.12) 7.17 Jen-Yu Wang (2014) —_— 1.01(0.84,1.18) 4.74
Hude Quan (2013) - 1.10(1.06, 1.15) 6.38 idon H
g Sung (2020) i —%—  192(168,2.19) 510
Sara Machado (2021) —_—— 1.06 (0.85, 1.28) 1.47
Sikane Tetetat @021y 1190113 136 576 Aloysia A. M. van Oeflelen (2012) = ! 0.94 (0.90, 0.98) 5.74
Siegfried Geyer (2019) =N 122(106,138) 277 Juliane Tetzlaff (2021) —— 1.04 (092, 1.17) 523
Hamid Yimam Hassen (2020) i) 121(112. 130) 483 Siegfried Geyer (2019) L 120 (0.98, 1.41) 4.62
Annika Rosengren (2019) —_— 1.02(0.81, 1.23) 1.43 David A. Alter (2013) —_— 1.45 (1.07, 1.96) 3.38
Jaejin An (2020) —— 1.07(1.01,1.13) 5.68 Annika Rosengren (2019) - 1.08 (0.74, 1.41) 320
Farzad Masoudkabir (2012) o— 1.05(0.65, 1.68) 0.33 Yilan Ge (2022) — 1.39 (0.98, 1.99) 2.93
Fanny Kilpi (2017) — 1.00 (0.8, 1.16) 223 Sean A Coady (2014) = 1.00(0.96, 1.05) 5.73
Margit Kriegbaum (2019) L —— 121(1.11,1.30) 463 Kizerulff 2019) - 127 (146, 140) 5.44
Gata Kopman G012 =t 194057, 112) 424 Gatnenne Sawaget @011 = 1240116, 131 565
Sublotal (-squared = 59.6%, p = 0.003) <>. 112 (1_09: 116) 53.70 Subtotal (I-squared = 93.8%, p = 0.000) <:I> 1.19 (1.06, 1.34) 51.77
\
Overall (l-squared = 75.3%, p = 0.000) (o 1.17 (1.14, 1.20) 100.00 Overall (I-squared = 92.7%, p = 0.000) <:> 1.28 (1.17,1.39) 100.00
NOTE: Weights are from random effects analysis L NOTE: Weights are from random effects analysis N
T T T
51 1 196 392 1 255
Fig.2 (a) Effects of income on CVD incidence (b) Effects of income on CVD mortality
a b
Study %
D HR(95% Cl)  Weight Study %
: ) HR (95% CI) Weight
low :
Hamig Yimam Hassen (2020) - 122 (1.12,1.33) 8.97 !
Annika Rosengren (2019) e a— 1.45 (1.09, 1.80) 4.48 low |
Farzad (2012) - 099 (0.52, 1.88) 1.08 Annika Rosengren (2019) | —— 189 (1.47,230)  15.99
Fanny Kilpi (2017) |——  169(1.34,205)5.33 ) .
Margit Kriegbaum (2019) —_ 1.48 (118, 1.75) 5.72 Yilan Ge (2022) . 127(1.00,162) 1519
Fanny Kilpi (2016) ——— 1.40 (1.19, 1.60) 7.11 Tahereh Donyavi (2011) - 1.44(0.27,262) 178
Sarah Floud (2016) e 129(1.11,1.47) 7.34 Sarah Floud (2016) —— 140 (1.13,1.66)  17.46
Stefan Christensen (2010) H —— 1.92(1.56,227)5.97 " _ o oo P
Subtotal (I-squared = 72.8%, p = 0.001) o 1.44 (1.28, 1.63) 45.99 Subtotal (I-squared = 53.3%, p = 0.093) O 150(1.22,183) 5042
middle : middle ;
Hamid Yimam Hassen (2020) = 1.11(1.00, 1.23) 8.46 '
Annika Rosengren (2019) ———— 1.22(0.91,1.54) 4.24 Annika Rosengren (2019) ——f— 129(0.84,1.74) 1044
Farzad (2012) T 1.14(0.54,2.39) 0.83 Yilan Ge (2022) ——— 1.16(0.91,1.48) 15.11
Fanny Kilpi (2017) —_— 1.45(1.14,1.77)5.15 Tahereh " ' 7.1 1
Margit Kriegbaum (2019) - 1.25(1.21,1.29) 10.14 ahereh Donyavi (2011) ' 090(017.162) 180
Fanny Kilpi (2016) —— 1.19 (1.06, 1.32) 8.28 Sarah Floud (2016) -~ 112(103,121) 2223
Sarah Floud (2016) ~ 1.07(1.03,1.12) 9.99 Subtotal (I-squared = 0.0%, p = 0.860) O 113(1.05,1.22) 49.58
Stefan Christensen (2010) — 1.31(1.11,1.51) 6.93 H
Subtotal (I-squared = 82.5%, p = 0.000) < 1.20 (1.11, 1.30) 54.01 !
! Overall (I-squared = 67.8%, p = 0.003) <> 132(113,154)  100.00
Overall (I-squared = 82.8%, p = 0.000) é 1.31(1.22, 1.40) 100.00 H
NOTE: Weights are from random effects analysis ' NOTE: Weights are from ranldom effects analysis ' .
T T
418 239 A7 1 5.88

Fig. 3 (a) Effects of education on CVD incidence (b) Effects of education on CVD mortality
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Study %
[} HR (95% CI) Weight

low
Sarah Floud (2016) 129(1.11,1.47) 18.04
Séverine Deguen (2010) 1.30 (1.09, 1.50) 15.83

Lisandro D. Colantonio (2017)

114(0.85,155) 666
Subtotal (I-squared = 0.0%, p = 0.735) 128(1.16,1.41) 4054
middle
Sarah Floud (2016) - 107(103,1.12) 3195
Séverine Deguen (2010) 1.06(0.89,1.22)  16.04
Lisandro D. Colantonio (2017)

Subtotal (I-squared = 0.0%, p = 0.907) Q

1.12(0.89, 1.35) 1147
1.07 (1.03,1.11) 59.46

Overall (I-squared = 55.0%, p = 0.049) 1.15(1.06, 1.25) 100.00

NOTE: Weights are from random effects analysis

Study %
D HR (95% Cl) Weight

low

Sarah Floud (2016)

Kai Jin (2021)

Kymberley Thorne (2015)

Yariv Gerber (2010)

Machén (2012)

Claudia Blais (2015)

Subtotal (I-squared = 72.1%, p = 0.003)

1.49 (1.25, 1.72) 6.20
1.20(1.07, 1.33) 9.37
1.16 (1.08, 1.24) 12.74
1.63(1.09, 2.45) 1.40
0.94 (0.74, 1.14) 4.06
1.13(1.09, 1.17) 15,52
1.19.(1.10, 1.29) 49.28

middle

Sarah Floud (2016)

Kai Jin (2021) -
Kymberley Thorne (2015) —
Yariv Gerber (2010) -
Machén (2012)

Claudia Blais (2015)

Subtotal (I-squared = 60.9%, p = 0.025)

1.20 (1.12,1.28) 12.94
1.06 (0.94, 1.18) 9.00
1.05 (0.91, 1.19) 7.61
1.41(0.96,2.07) 154
0.95(0.75,1.14) 4.26
1.07 (1.03, 1.11) 15.38
110 (1.02, 1.17) 50.72

Overall (I-squared = 69.7%, p = 0.000) 1.14 (1.08, 1.20) 100.00

00’1‘t1+0 + Il } #*

NOTE: Weights are from random effects analysis
T

T
645 1 155

T
408 1 245

Fig.4 (a) Effects of deprivation on CVD incidence (b) Effects of deprivation on CVD mortality

low and middle groups was 28% and 7% higher than that
in the high group, respectively [HR = 1.28, 95%CI (1.16,
1.41); HR = 1.07,95%CI (1.03, 1.11)]. Meanwhile, the risk
of CVD mortality in low and middle groups was 19% and
10% higher than that in the high group, respectively [HR =
1.19,95%CI (1.11, 1.29); HR = 1.10, 95%CI (1.02, 1.17)].
The effects of deprivation on CVD incidence and mortality
are shown in Fig. 4.

Subgroup analysis

We conducted subgroup analyses on gender and national
income levels to explore more details. The detailed informa-
tion is presented in Online Resource 3.

Male/female income and CVD outcomes

Nine studies (Koopman et al. 2012; van Oeffelen et al.
2012; Coady et al. 2014; Wang et al. 2014; Kilpi et al.
2016, 2017; Geyer et al. 2019; Kriegbaum et al. 2019;
Tetzlaff et al. 2021) evaluated the relationship between
male/female income and CVD outcomes. A random-effects
model (I? = 88.8%, P = 0.000; I> = 93.6%, P = 0.000; I* =
96.2%, P = 0.000; I> = 79.1%, P = 0.000) was adopted to
combine the effect sizes, and the analysis results revealed
that the risk of CVD incidence in low- and middle-income
men was 29% and 14% higher than that in high-income
men, respectively [HR = 1.29, 95%CI (1.17, 1.44); HR =
1.14, 95%CI (1.06, 1.22)]. The risk of CVD incidence in
low- and middle-income women was 37% and 18% higher
than that in high-income women, respectively [HR = 1.37,
95%CI (1.12, 1.68); HR = 1.18, 95%CI (1.13, 1.24)]. In
addition, the risk of CVD mortality in low-income men
was 38% higher than that in high-income men [HR = 1.38,
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95%CI (1.08, 1.76)]. The risk of CVD mortality in low-
income women was 14% higher than that in high-income
women [HR = 1.14, 95%CI (1.02, 1.27)]. The difference
was not statistically significant in the risk of CVD mor-
tality between middle- and high-income men/women, as
shown in Figs. 5 and 6.

LMICs/HICs income and CVD outcomes

Twenty-one studies (Sauvaget et al. 2011; Koopman et al.
2012; Masoudkabir et al. 2012; van Oeffelen et al. 2012;
Alter et al. 2013; Quan et al. 2013; Coady et al. 2014; Wang
et al. 2014; Kilpi et al. 2016, 2017; Cho et al. 2019; Geyer
et al. 2019; An et al. 2020) evaluated the association between
income and CVD outcomes among LMICs/HICs. A fixed-
effects model (I = 13.7%, P = 0.327) and a random-effects
model (I = 78.9%, P = 0.000; I? = 69.6%, P = 0.001; I =
92.8%, P = 0.000) were adopted to merge the effect sizes,
and the results revealed that the risk of CVD incidence was
14% higher in the low-income group than in the high-income
group among LMICs [HR = 1.14, 95%CI (1.04, 1.24)]. The
risk of CVD incidence was 23% and 12% higher in low-
and middle-income groups than in the high-income group
among HICs, respectively [HR = 1.23, 95%CI (1.18, 1.29);
HR = 1.12, 95%CI (1.08, 1.16)]. In addition, the risk of
CVD mortality was 45% and 18% higher in low- and mid-
dle-income groups than in the high-income group among
LMICs, respectively [HR = 1.45, 95%CI (1.28, 1.64); HR
= 1.18, 95%CI (1.06, 1.32)]. The risk of CVD mortality
was 33% and 18% higher in low- and middle-income groups
than in high-income group among HICs, respectively [HR =
1.33,95%CI (1.13, 1.57); HR = 1.18, 95%CI (1.02, 1.37)].
There was no significant difference in the risk of CVD inci-
dence between the middle- and high-income groups among
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a
Study %
D HR (95% Cl) Weight
low .
Juliane Tetzlaff (2021) ——0—) 1.46(1.14,1.78) 5.46
Siegfried Geyer (2019) - 1.33(1.16,152) 7.73
Fanny Kilpi (2017) —_— 133 (1.11,1.55) 6.86
Margit Kriegbaum (2019) - 1.40 (1.35,1.45) 10.00
Fanny Kilpi (2016) —— 1.07 (0.99,1.16) 9.20
Carla Koopman (2012) —— 129(1.19,1.39) 924
Subtotal (I-squared = 86.9%, p = 0.000) <> 1.29(1.17,1.44) 4848
middle B
Juliane Tetzlaff (2021) — 1.20(1.09,1.32) 8.80
Siegfried Geyer (2019) —_—— 1.28(1.13,1.44) 812
Fanny Kilpi (2017) —_— 0.97 (0.81,1.13) 6.87
Margit Kriegbaum (2019) — 119(1.09,129) 9.09
Fanny Kilpi (2016) —f— 1.03(0.95,1.11) 924
Carla Koopman (2012) — 114 (1.06,1.22) 9.40
Subtotal (I-squared = 68.2%, p = 0.008) <> 114(1.06,1.22) 5152
Overall (I-squared = 88.8%, p = 0.000) Q 1.21(1.12,1.31) 100.00
NOTE: Weights are from random effects analysis i

T

T
562 1 178

Study %
D HR (95% Cl) Weight
low :
Juliane Tetzlaff (2021) -o- 1.20(1.14,127) 10.02
Siegfried Geyer (2019) —_— 1.01(0.82,1.23) 794
Fanny Kilpi (2017) | ——————— 210(1.31,2.89) 487
Margit Kriegbaum (2019) »> 178 (1.69,1.88) 10.03
Fanny Kilpi (2016) - 1.19(0.99,1.38) 857
Carla Koopman (2012) —— 137 (1.23,1.51) 952
Subtotal (I-squared = 96.0%, p = 0.000) <= 1.37 (1.12,1.68) 50.95
middle |
Juliane Tetzlaff (2021) - 118 (1.11,1.26) 9.95
Siegfried Geyer (2019) — 1.11(0.90,1.36) 7.87
Fanny Kilpi (2017) —+ 1.34(0.83,1.86) 4.77
Margit Kriegbaum (2019) —_— 1.32(1.06,157) 8.05
Fanny Kilpi (2016) —— 1.12(0.93,1.30) 8.54
Carla Koopman (2012) - 1.19(1.11,1.28) 987
Subtotal (I-squared = 0.0%, p = 0.796) O 118 (1.13,1.24) 49.05
Overall (I-squared = 93.6%, p = 0.000) Q 1.28 (1.13,1.44) 100.00
NOTE: Weights are from random effects analysis ;

T

T
346 1 2.89

Fig.5 (a) Effects of male income on CVD incidence (b) Effects of female income on CVD incidence

a Study %
D HR(95%Cl)  Weight
low :
Jen-Yu Wang (2014) | ——%—— 159(1.37,185) 10.13
Aloysia A. M. van Oeffelen (2012) —— 116(1.00,132) 10.28
Juliane Tetzlaff (2021) - 134(0.79,189) 586
Siegfried Geyer (2019) : —> 178(165,191) 1095
Sean A Coady (2014) — 1.11(1.02,119)  10.92
Subtotal (I-squared = 95.4%, p = 0.000) — ——  138(1.08,176) 4815
middle :
Jen-Yu Wang (2014) e E— 0.99(0.82,120) 957
AloysiaA. M. van Oeffelen (2012) - 0.95(0.91,1.00) 11.12
Juliane Tetzlaff (2021) —_— 1.12(0.88,1.35) 921
Siegfried Geyer (2019) —— 131(122,1.40) 1099
Sean A Coady (2014) —— 1.07(0.99,1.14)  10.97
Subtotal (I-squared = 93.1%, p = 0.000) g 1.08(0.94,125) 51.85
Overall (I-squared = 96.2%, p = 0.000) S 122(1.04,142) 100.00
NOTE: Weights are from random effects analysis i
T T
524 1 191

b Study %

D HR(95%Cl)  Weight

low
Jen-Yu Wang (2014) !
Aloysia A. M. van Oeffelen (2012)
Juliane Tetzlaff (2021)

Siegfried Geyer (2019) ——
Sean A Coady (2014) +

——————> 183(1.37.243) 408
1.08(0.72,143) 310
—— 1.16(1.07,1.25) 1266
1.08(1.01,1.16) 1341
1.01(0.94,1.08) 1310

Subtotal (I-squared = 79.7%, p = 0.001) 114(1.02,127) 4605

middle
Jen-Yu Wang (2014) —_— 1.07(0.76,150) 3.4
AloysiaA. M. van Oeffelen (2012) = 092(0.84,0.99) 12.42
Juliane Tetzlaff (2021) = 0.96 (0.8, 1.05) 12,07
Siegfried Geyer (2019) - 1.09(1.02,1.17) 1315
Sean A Coady (2014) = 0.96(0.89,1.02) 13.17
Subtotal (I-squared = 66.9%, p = 0.017) 0.99(0.92,1.06) 53.95
Overall (I-squared = 79.1%, p = 0.000) <> 1.05(0.98,1.12)  100.00
NOTE: Weights are from random effects analysis
T T
412 1 243

Fig.6 (a) Effects of male income on CVD mortality (b) Effects of female income on CVD mortality

LMICs. The effects of income on CVD incidence among
LMICs/HICs are shown in Fig. 7, and the effects of income
on CVD mortality among LMICs/HICs are shown in Fig. 8.

Male/female education and CVD outcomes

Four studies (Christensen et al. 2011; Kilpi et al. 2016, 2017;
Kriegbaum et al. 2019) evaluated the relationship between
male/female education and CVD incidence. Due to a lack of
relevant literature, it was impossible to analyze the relation-
ship between male/female education and CVD mortality. A
random-effects model (I = 71.0%, P = 0.001; I? = 85.2%,
P =0.000) was adopted to merge the effect sizes, and the
analysis results revealed that the risk of CVD incidence in
low- and middle-education men was 51% and 25% higher
than that in high-education men, respectively [HR = 1.51,

95%CI (1.29, 1.76); HR = 1.25, 95%CI (1.20, 1.29)]. The
risk of CVD incidence in low- and middle-education women
was 67% and 26% higher than that in high-education women,
respectively [HR = 1.67, 95%CI (1.42, 1.97); HR = 1.26,
95%CI (1.09, 1.46)]. The effects of male/female education
on CVD incidence are shown in Fig. 9.

LMICs/HICs education and CVD outcomes

Ten studies (Christensen et al. 2011; Donyavi et al. 2011;
Masoudkabir et al. 2012; Floud et al. 2016; Kilpi et al. 2016,
2017; Kriegbaum et al. 2019; Rosengren et al. 2019; Has-
sen et al. 2020; Ge et al. 2022) evaluated the association
between education and CVD outcomes among LMICs/
HICs. A random-effects model (I? = 77.6%, P = 0.000; I> =
85.4%, P = 0.000; I* = 53.7%, P= 0.035; I* = 60.4%, P =
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a b Study %
Study % D HR(95%Cl)  Weight
D HR (95% CI) Weight low

Annika Rosengren (2019) —_— 1.11(089,1.37) 152
Yongil Cho (2019) Ed 1.16(1.13,1.18) 7.10
N Hude Quan (2013) - 1.24(1.12,1.36) 4.14
low : Sara Machado (2021) — 134 (1.11,156) 2.17
) Juliane Tetzlaff (2021) 135(1.18,1.52) 3.17
Annika Rosengren (2019) — 113(1.03,1.25) 3596 Siegfried Geyer (2019) D R — 1.17 (0.86, 1.49) 1.02
. N Hamid Yimam Hassen (2020) - 1.22(1.15,1.30) 562
Farzad Masoudkabir (2012) ; 118(0.81,1.70) 245 JasinAn (2020) 1010129 551
Annika Rosengren (2019) B B — 1.16(0.91,1.47) 5386 Fanny Kilpi (2017) — 1.39(1.17,1.60) 2.44
' Margit Kriegbaum (2019) | ——— 1.59(1.22,1.96) 1.31
Subtotal (I-squared = 0.0%, p = 0.960) <> 114(1.04,124) 4427 Fanny Kipi (2016) ach 1.09(1.01,1.17) 5.09
N Carla Koopman (2012) | 132 (1.24,1.40) 565
: Subtotal (I-squared = 71.7%, p = 0.000) 1.23(1.18,1.29) 4475
middle ! middle H
) ' Annika Rosengren (2019) — 0.80 (064, 1.01) 1.39
Annika Rosengren (2019) — 102(0.93,1.11)  43.05 Yongil Cho (2019) - 1.10(1.08, 1.12) 7.17
. . Hude Quan (2013) 110 (1.06, 1.15) 6.48
Farzad (012) ' 105(065,168) 149 Sara Machado (2021) —_—— 1.06 (0.8, 1.28) 1.65
. . Juliane Tetzlaff (2021) - 1.19(1.13,1.26) 5.92
P
Annika Rosengren (2019) : 126(1.06,150) 1118 Seqtted Gayer (2019) 122010 138) 308
Subtotal (I-squared = 55.8%, p = 0.104) ~<:'> 106(0.99,1.15) 5573 Hamid Viman Hassen (2020) .= 1:21(1.12,1.30) 5.05
- Jasiin An (2020) e 1.07 (1,01, 1.13) 585
i Fanny Kilpi (2017) — 100 (0:85, 1.16) 2.46
: Margit Kriegbaum (2019) —— 121(1.11,130) 486
Heterogeneity between groups: p = 0.275 ! Fanny Kilpi (2016) —— 1.04(0.97,1.12) 5.16
Carla Koopman (2012) o~ 116(1.11,122) 622
Overall (I-squared = 13.7%, p = 0.327) 0 1.10(1.03,1.16)  100.00 Sublotal (I-squared = 70.3%, p = 0.000) > 1.12(1.08, 1.16) 55.25
: Overall (I-squared = 78.9%, p = 0.000) P 147 (1.13,1.20) 100.00
T H T NOTE: Weights are from random effects analysis N
T T
588 1 17 51 1 196
Fig. 7 (a) Effects of income on CVD incidence among LMICs (b) Effects of income on CVD incidence among HICs
a
Study % b Study %
0 HR(95%Cl)  Weight
D HR(95%Cl)  Weight
T low :
low : Annika Rosengren (2019) % 174(098,309) 238
Annika Rosengren (2019) —_— 1.40(1.16,169) 10.48 Jidong Sung (2020) \TE 173(1.50,200) 7.39
. Aloysia A. M. van Oeflelen (2012) — 113(089,1.36) 634
Jen-Yu Wang (2014) i ¢ 163(141,185) 13.08 Juliane Tetzlaff (2021) —— 125(1.01,148) 666
Yilan Ge (2022) T 180(127,255) 522 Siegfried Geyer (2019) —_— 1.43(0.74,2.11) 271
Catherine Sauvaget (2011) — 132(1.20,1.44) 1536 DavidA. Alter (2013) —_—— 1.46(1.06,203) 468
' 14) H 1.4 1.
Annika Rosengren (2019) RN A 122(0.83,1.79) 453 Sean A Coady (2014) = 05(1.00,1.11) 840
' Kjeerulff (2019) — 133(1.20,1.48) 7.90
Subtotal (I-squared = 54.6%, p = 0.066) <> 145(1.28,164) 4867 Subtotal (I-squared = 87.5%, p = 0.000) < 133(1.13,157) 4647
middie 3 middle !
1 Annika Rosengren (2019) D C———— 063(0.30,1.34) 158
Annika Rosengren (2019) *— 1.08(0.90,1.30) 10.68 Jdong Sung (2020) : 1020168, 2.19) 752
Jen-Yu Wang (2014) — 101(0.84,1.18) 11.35 Aloysia A M. van Oeffelen (2012) - 1 0.94(0.90,0.98) 846
Yilan Ge (2022) '—T-Q_ 1.39(0.98,1.99) 5.10 Juliane Tetzlaff (2021) - ! 1.04(092,1.17) 7.70
Catherine Sauvaget (2011) oy 124(1.16,1.31) 16.68 Siegfried Geyer (2019) T 120(098,1.41) 681
' David A. Alter (2013) R 145(1.07,1.96) 498
e '
Annika Rosengren (2019) ' 1.39(1.07.181) 752 Sean A Coady (2014) - 100096, 1.05) 845
Subtotal (I-squared = 50.6%, p = 0.088) < 1.18(1.06,1.32) 51.33 Kierultf 2019) —— 127(1.16,140) 802
! Subtotal (I-squared = 94.6%, p = 0.000) <> 118(1.02,137) 5353
Overall (I-squared = 69.6%, p = 0.001 <> 1.31(1.19,1.44) 100.00 .
(-sq add ) H ( ) Overall (I-squared = 92.8%, p = 0.000) 0 1.25(1.12,1.38) 100.00
NOTE: Weights are from random effects analysis ! NOTE: Weights are from random effects analysis i
T T T T
392 1 255 3 1 33

Fig. 8 (a) Effects of income on CVD mortality among LMICs (b) Effects of income on CVD mortality among HICs

0.056) was adopted to merge the effect sizes, and the analy-
sis revealed that the risk of CVD incidence was 52% higher
in the low-education group than that in the high-education
group among LMICs [HR = 1.52, 95%CI (1.09, 2.11)]. The
risk of CVD incidence was 43% and 18% higher in low- and
middle-education groups than in the high-education group
among HICs, respectively [HR = 1.43, 95%CI (1.25, 1.62);
HR = 1.18, 95%CI (1.08, 1.28)]. In addition, the risk of
CVD mortality was 66% and 32% higher in low- and middle-
education groups than in the high-education group among
LMICs, respectively [HR = 1.66, 95%CI (1.24, 2.21); HR
=1.32,95%CI (1.04, 1.67)]. The risk of CVD mortality was
44% and 12% higher in low- and middle-education groups
than in the high-education group among HICs, respectively

@ Springer

[HR = 1.44,95%CI (1.19, 1.75); HR = 1.12, 95%CI (1.03,
1.21)]. There was no significant difference in the risk of
CVD incidence between the middle and high-education
groups in middle-income countries. The effects of educa-
tion on CVD incidence among LMICs/HICs are shown
in Fig. 10, and the effects of education on CVD mortality
among LMICs/HICs are shown in Fig. 11.

Publication bias and sensitivity analysis

Based on the SES indicators of the included studies, the
publication bias was analyzed using funnel plots and Egg-
er’s tests. The value of P > 0.05 was considered to have no
publication bias. Egger’s tests revealed that the P values of
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a
Study %
D HR (95% CI) Weight
low E
Fanny Kilpi (2017) —_— 1665 (1.32,2.05) 643
Margit Kriegbaum (2019) - 1.32(1.28,1.37) 2457
Fanny Kilpi (2016) —_— 1.41(1.20,1.65) 10.06
Stefan Christensen (2010) | —— 1.88(151,2.37) 620
Subtotal (I-squared = 77.4%, p = 0.004) < 151(1.29,1.76) 47.25
middle H
Fanny Kilpi (2017) — 1.43(1.14,1.80) 6.08
Margit Kriegbaum (2019) ! 124(120,129) 24.34
Fanny Kilpi (2016) — 1.25(1.10,1.39) 14.06
Stefan Christensen (2010) —_— 1.26(1.05,1.52) 827
Subtotal (I-squared = 0.0%, p = 0.687) (o 1.25(1.20,1.29) 5275
Overall (I-squared = 71.0%, p = 0.001) <> 1.35(1.26, 1.44) 100.00
NOTE: Weights are from random effects analysis
T T
422 1 237

Study %

D HR (95% CI) Weight
low !

Fanny Kilpi (2017) ——————————— 2.41(1.33,4.36) 5.11
Margit Kriegbaum (2019) Y 161(1.52,1.70) 21.28
Fanny Kilpi (2016) S 1.33(0.94, 1.89) 10.25
Stefan Christensen (2010) — 200 (1.46,2.73) 11.45
Subtotal (I-squared = 36.6%, p = 0.192) <> 167 (1.42,1.97) 48.09
middle 3

Fanny Kilpi (2017) P — 1.73(0.95,3.16) 5.02
Margit Kriegbaum (2019) - 1.27(1.20,1.35) 2122

Fanny Kilpi (2016) — 099(0.72,1.26) 1266

Fig.9 (a) Effects of male education on CVD incidence (b) Effects of female education on CVD incidence

a Study %
D HR (95% Cl) Weight
low
Annika Rosengren (2019) — 1.41(1.25,159) 2526

Farzad Masoudkabir (2012) 0.99 (0.52, 1.88) 777

Annika Rosengren (2019) ——————— 208(153,2:82) 17.47
Subtotal (I-squared = 70.9%, p = 0.032) 1.52(1.09, 2.11) 50.50
middle
Annika Rosengren (2019) —— 1.15(1.02, 1.29) 2536

Farzad Masoudkabir (2012) +

1.14(0.54,2.39) 625

Annika Rosengren (2019) —————  195(1.45,262) 17.89

Sublotal (1-squared = 81.2%, p = 0.005) <® 140(092,212) 4950
Overall (I-squared = 77.6%, p = 0.000) <> 1.46 (1.18, 1.80) 100.00
NOTE: Weights are from random effects analysis
T T
355 1 282

Stefan Christensen (2010) 1.44 (1.10,1.89) 13.02
Subtotal (I-squared = 38 6%, p = 0.181) < 1.26(1.09,1.46) 5191
Overall (l-squared = 85.2%, p = 0.000) Q 1.46 (1.25,1.70) 100.00
NOTE: Weights are from random effects analysis i
T T
229 1 436
b Study %
D HR (95% Cl)  Weight
low H
Annika Rosengren (2019) —_—t 1.15 (0.86, 1.53) 3.92
Hamid Yimam Hassen (2020) —-- 1.22(1.12,1.33) 9.04
Fanny Kilpi (2017) | —l— 1.69 (1.34, 2.05) 5.46
Margit Kriegbaum (2019) —_—— 1.48 (1.18, 1.75) 5.85
Fanny Kilpi (2016) — 1.40 (1.19, 1.60) 7.22
Sarah Floud (2016) — 1.29 (1.11,1.47) 7.45
Stefan Christensen (2010) ! ——%—— 1.92(1.56,2.27) 6.10
Subtotal (I-squared = 76.8%, p = 0.000) P> 1.43(1.25,1.62) 45.04
middle
Annika Rosengren (2019) — : 0.97 (0.79, 1.20) 5.55
Hamid Yimam Hassen (2020) —— 1.11(1.00, 1.23) 8.54
Fanny Kilpi (2017) —_—— 145 (1.14,1.77) 529
Margit Kriegbaum (2019) * 1.25(1.21,1.29) 10.15
Fanny Kilpi (2016) —— 1.19.(1.06, 1.32) 8.36
Sarah Floud (2016) - 1.07 (1.03, 1.12) 10.01
Stefan Christensen (2010) —_— 131 (1.11,1.51) 7.05
Subtotal (I-squared = 86.1%, p = 0.000) < 1.18 (1.08, 1.28) 54.96
Overall (I-squared = 85.4%, p = 0.000) <> 1.28 (1.19, 1.38) 100.00
NOTE: Weights are from random effects analysis
T T
441 1 227

Fig. 10 (a) Effects of education on CVD incidence among LMICs (b) Effects of education on CVD incidence among HICs

“Income of CVD Mortality” and “Income in HICs of CVD
Mortality” were 0.003 and 0.017, respectively (as shown in
Online Resource 4). Thus, the presence of publication bias
among studies was considered. The indicators of publica-
tion bias in both groups were further analyzed using the
trim-and-fill method (shown in Online Resource 5). After
adding ten studies to the model, the funnel plot was sym-
metric, and the combined effect size of the “Income of CVD
mortality” group was 1.08, 95%CI (0.99, 1.18). Similarly,
after the addition of six studies, the combined effect size of
the “Income in HICs of CVD mortality” group was 1.07,
95%CI (0.96, 1.19). Sensitivity analyses were performed by
excluding each study individually from the meta-analysis to
rule out the overrepresentation of individual study results

in the meta-analysis. Sensitivity analyses revealed that the
results of the meta-analysis were stable and reliable.

Discussion

The present study indicated that the incidence and mortal-
ity of CVD were higher in the lower SES population as
compared to the higher SES population, that is, SES was
inversely associated with CVD outcomes. This is due to
the high prevalence of CVRFs such as smoking, alcohol
consumption, hypertension, physical inactivity, obesity,
diabetes, an unhealthy diet, and depression in low-SES
groups, as well as the likelihood of delayed or lack of
CVD care and treatment, which is consistent with previous
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Fig. 11 (a) Effects of education on CVD mortality among LMICs (b) Effects of education on CVD mortality among HICs

studies (Khaing et al. 2017; Backholer et al. 2017). Gerber
et al. (2010) have also noted that groups with higher SES
give more priority to health and health-related behaviors
(e.g., smoking cessation, a healthy diet, and physical activ-
ity) and maintain closer social ties (e.g., social cohesion
and support), which may minimize CVD risk. Groups with
lower SES may endure additional pressures of anxiety and
stress (e.g., crime and unemployment), which may further
exacerbate CVD risk.

Additionally, higher education and income are associated
with higher acceptance and compliance with CVD treatment,
and higher availability and affordability of CVD manage-
ment and care. Patients with higher education and income
tend to have easier access to and accept more timely treat-
ment and care services, thereby reducing the risk of CVD
(Gerber et al. 2011; Rabi et al. 2010; Abdalla et al. 2020;
Pietrzykowski et al. 2020; Bandi et al. 2017; Alter et al.
1999). Differing from income and education, deprivation
affects CVD mainly through CVRFs. The more severe the
deprivation is, the higher the CVRFs prevalence is, which
may indirectly affect CVD incidence (Pujades-Rodriguez
et al. 2014; Foster et al. 2018).

We conducted a subgroup analysis by gender. In addition
to the previously addressed results that SES was negatively
correlated with CVD outcomes, we also discovered that
women tend to be more sensitive to income and education
in terms of CVD incidence. This may be attributed to lower
risk awareness in women with less typical clinical symp-
toms, who are less likely to receive preventive CVD treat-
ment (Mehta et al. 2016; Grintsova et al. 2014; Giles et al.
1993). CVD mortality is the opposite, and men tend to be
more sensitive to income and education, possibly because
they are more likely to develop comorbidities and have a
delay in seeking medical care (Miettinen et al. 1998; Salo-
maa et al. 2001), resulting in exacerbation of the disease.

@ Springer

We also conducted a subgroup analysis by national
income levels, and the negative correlation between SES and
CVD outcomes was also found in both LMICs and HICs.
Moreover, in terms of CVD mortality, the LMIC popula-
tion tends to be more sensitive to income and education.
This may be attributed to differences between LMICs and
HICs in terms of medical services, access to and affordabil-
ity of medicines, and thresholds for diagnosis and treatment
(Yusuf et al. 2014). Furthermore, HICs are more successful
in risk identification and disease control (Pujades-Rodri-
guez et al. 2014; Neuhauser et al. 2015), whereas LMICs
do poorly in risk identification and disease prevention (Ikeda
et al. 2014; Farzadfar et al. 2011), which may be another
cause for the described trend.

In addition, some studies have indicated a positive cor-
relation between SES and CVD outcomes in LMICs (Strin-
ghini and Bovet 2017; Terris 1999; Chadha et al. 1990),
which seems inconsistent with our research. However, this
difference is explicable, which may be because the LMICs
included in our study are experiencing a transition from a
positive correlation to a negative correlation between SES
and CVD (Clark et al. 2009). In the early stage of economic
development, people with high SES may have a higher risk
of CVD. While in the later stage, low SES can be associated
with a higher risk of CVD (Liu et al. 2013; Chaix et al. 2007,
Kapral et al. 2012; Yusuf et al. 2001), that is, the relation-
ship between SES and CVD in LMICs may eventually be
negatively correlated with HICs.

The current study performed a comprehensive analysis
of the association between gender, national income levels,
SES, and CVD, and it also investigated the interrelationship
between SES and CVD with more detailed findings, which
are considered one of the highlights of this research. To our
knowledge, this is the first meta-analysis to systematically
assess the association between SES and CVD outcomes



Journal of Public Health

based on different national income levels in different coun-
tries. Additionally, to improve the comparability and explore
the effect of the risk gradient among various studies, we
categorized SES into low, medium, and high levels, and fur-
ther findings were uncovered in terms of gender (Backholer
et al. 2017).

This study also has some limitations. First, the pooled
results presented certain heterogeneity, which may be due to
the differences in the characteristics of the research popula-
tion, the definition and classification of SES, and the actual
development of HICs and LMICs. Some original data was
not available to us, and several studies did not adjust for or
report confounding variables. Despite many efforts that have
been made to explore heterogeneity, we failed to identify the
source of heterogeneity. Second, there are few studies on
LMICs after 2010, most of which are from middle-income
countries with rapid economic development, including
China and India. The interrelationship between SES and
CVD in such countries indicates a reverse relationship simi-
lar to that of HICs, which is also the reason why our research
results are inconsistent with previous results among LMICs.
Subsequently, more studies are recommended to focus on
LMICs with poor economic conditions.

Conclusions

SES is inversely correlated with CVD outcomes and the
prevalence of CVRFs. As for CVD incidence, women tend to
be more sensitive to income and education. In terms of CVD
mortality, men tend to be more sensitive to income and edu-
cation, and people from LMICs are sensitive to income and
education. Due to the small amount of relevant literature,
future research is recommended to highlight the subgroup
analysis of gender and LMICs.
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